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P R E F A C E . 

THE interest which Antiseptic Surgery lias awakened' 
throughout the profession has led to many public debates 
and to the accumulation of a great mass of literature on 
the subject. The time seems now to have come for a 
detailed account and discussion of the whole matter, and 
it is with the view of furnishing, such an account that 
the present volume has been published. The question 
might have been dealt with in two ways ; either by the 
discussion of the present standpoint of the principles and 
practice of Antiseptic Surgery, with but little reference 
to former literature ; or, as I have attempted to do, by 
tracing in addition the development of its theory and 
practice, and following out and criticising the various 
steps by which the present state of knowledge on the 
subject has been reached. The former mode might no 
doubt have produced a shorter work,but it could not have 
been made complete in the present transitory state of our 
knowledge, and, taken alone, it would have necessarily 
raised side issues confusing to readers unacquainted with 
the earlier literature. I have therefore, in addition to 
the discussion of the present state of knowledge on the 
subject, tried to trace out its development, and 1 have 
done this the more readily because it seems to' me that 
when an attempt is made, almost for the first time, to 



discuss fully a new department of « the work oi 
those who have chiefly helped by experiment or cnticifa 
to build it up should be. acknowledged a n d j r ^ 
estimated. Such a way of treating the * W 1 
perhaps also supply a want to those who have not the 
£ 1 the opportunity of searching out the 1 — 
for themselves. Among other facts winch have been 
brought forward here I may draw special attention to the 
following, which I think have been'now made certaui : -
Fermentations in wounds occur as the result of the 
entrance of particles-micro-organisms-from without; 
a variety of methods of treatment may be grouped under 
the heading ' Antiseptic treatment' ; lives are saved m 
proportion to the asepticity .of the wound, and, when 
the wound is tot aseptic, infective diseases more 
especially are avoWd ; the aseptic or Listenan method 
prevents the development <sf micro-organisms and the 
occurrence of fermentation in wounds. 

Portions of this work have been previously published 
Some investigations on micro-organisms m wounds and 
on temperature after operations formed part of my essay 
which gained the Syme Surgical Fellowship of the 
University of Edinburgh m 1877. 1 have since that 
time repeated and extended these investigations, in 
the essay to which was awarded the Boylston Medical 
Prize and the Boylston Gold Medal1 of the Harvard 

* B y «L order .dopted in 1826 t h . Seoret.fy of to B o , W o n P . ™ 

d J i « c l . t d i „ any of the * 1 " » * 

• W t i L in c i » of P « U M i o „ of . — s M 
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University,United States, in 1880,1 discussed the various 
methods of Antiseptic Surgery and the best modes of 
applying them to practice. And, in 1881, the council 
of the College of Surgeons of England awarded me the 
Jacksonian prize for a discussion of the history, prin-
ciples, practice, and results of Antiseptic Surgery. This 
work is the outcome and development of these essays. 

The drawings in this book (both the woodcuts and 
the plates) have been made by Mr. Edgar Thurston, 
to whom I am much indebted for the great pains which 
lie has bestowed in their preparation. Mr. Groves also 
kindly took some photographs, from which certain of 
the woodcuts have been drawn. Dr. Heron has ren-
dered me great assistance in revising the proof-sheets 
and in preparing the Index. 

In dedicating this work to Mr. Lister I have 
attempted to acknowledge my great indebtedness 
to him. 

G OLD CAVENDISH ST. , W . 
October 1881. 

W. WATSON CHEYNE. 
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ANTISEPTIC SU'RGERY. 

CHAPTER I. 

THE PARTICULATE THEORY OF FERMENTATION. 
ON THE FERMENTATION OF BOILED SUBSTANCES. 

Definition of putrefaction and fermentation—Chemical fermentations—Living 
ferments—Various views on fermentation—Lavoisier— Fabroni—Thenard 
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THE term ' septic' so much used in surgery at the present clay 
is derived from the Greek word <Ĵ TTTIKOS, which means some-
thing that causes putrefaction, the verb tr^Vw signifying to 
cause to rot, to make putrid. An 'antiseptic' is therefore, 
according to this derivation, something which acts against the 
causes of putrefaction, and ' Antiseptic Surgery' is surgery 
directed not against its effects but against its causes. In deal-
ing, then, with the subject of antiseptic surgery, we must first 
enquire what is putrefaction, and how is it brought about ? 

Putrefaction is now held to be a form of fermentation ac-
companied by the development of offensive odours, and fermen-
tation may be defined as ' a new arrangement of the elements of 
an organic compound (often with the assimilation of the ele-
ments of water), and the consequent formation of new products.' 
(Fownes.) 

Changes coming under the above definition of fermentation 

7 0 B 
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have been long known as the result of what is termed Catalysis. 
Of this perhaps the best example is the change effected m 
Amygdalin by thq action on it of Emulsin. As a result of the 
contact of these two bodies in presence of water, the amygdalin 
is broken up into various products, of which the chief are 
hydrocyanic acid and oil of bitter almonds. This decomposition 
of amygdalin is, however, not effected by combination with 
emulsin, for the latter remains unchanged, although its presence 
is necessary for the chemical action. Similar facts arc known 
with regard to the Pepsin of the gastric juice the Ptyalm of 
saliva, the pancreatic ferment, &c. But although these ferments 
undergo little or no change, yet nevertheless it has been clearly 
proved that they have not the power of self-multiplication. 
Hence these ferments generally receive the name of chemical 

ferments. „ . . . 
There is, however, another class of ferments which possess 

this power of self-multiplication in a remarkable degree. An 
instance of this may be given in the alcoholic fermentation. 
Here a minute piece of yeast is introduced into grape juice, or 
into a sugary solution, and as a result fermentation soon sets m, 
and goes on slowly till the sugar is decomposed. If we compare 
this process with the former we see two marked points o 
difference; in the first place, in the former the change is rapid 
and more or less instantaneous; in the latter it progresses 
slowly and steadily, and requires much more time for its com-
pletion. In the former there is no increase in quantity ot the 
ferment- in the latter the increase is very marked, and when 
the fermentation has gone on for some time the minutest 
portion of the fermenting substance added to unfermented 
material of like composition produces in it a similar series 
of changes; and this multiplication of the ferment goes on 
continuously whenever it is brought in contact with fresh 
material. As this power of multiplication is a property of living 
things, the term 'vital ' is usually applied to this class of 
ferments. . , 

In one point the ' chemical' ferment is allied to the vital 
ferment. It is not a substance as yet formed by the chemist. 
It is the product of living cells; and it is quite possible that 
the yeast plant may act in the same way as the salivary or 

peptic cells, viz. by excreting a ferment which produces the 
change in the fermentescible substance, this ferment in neither 
case possessing the power of self-multiplication. In the case of 
the salivary ferment the cells which produce it are an integral 
part of a complex organism, and cannot live apart from the body; 
hence the ptyalin, introduced into starch, does not increase in 
amount. On the other hand, the yeast plant is an independent 
cell, and grows free in the fermenting fluid, and it is to the 
growth and multiplication of these living cells, and not to an 
increase in quantity of the chemical ferment as such, that the 
multiplication of the fermenting power is due. 

In the putrefaction of discharges in wounds we have to deal 
with a ferment belonging to the same class as the alcoholic fer-
ments—with a ferment capable of multiplication, which acts 
slowly and steadily, not suddenly. We must therefore enquire 
a. little more fully into the nature of this class of ferments, into 
their origin and history, in order to obtain some principles to 
guide us in attempting to prevent their action. 

In reviewing the history of this subject, the first research of 
any consequence which it is necessary for us to consider is that 
of Gay-Lussac.1 Previous to the publication of this paper at-
tempts had been made by Lavoisier, Fabroni, and Thenard 
to give some explanation of the process of fermentation. 

Lavoisier's work was in the main carried out with the view 
of ascertaining the changes which a fermenting liquid under-
goes.2 He did not attempt to assign a definite cause for the 
process. 

Fabroni,3 writing on the subject of the alcoholic fermentation, 
concluded that fermentation was a decomposition of one sub-
stance by another, ' just as a carbonate is decomposed by an 
acid, or sugar by nitric acid. The substance which decomposes 
sugar is a vegeto-animal substance. It is contained in certain 
utricles in the grape. When the grape is crushed this material, 
which is of the nature of gluten, mixes with the sugar in the 
juice, and as soon as these two substances come into contact, 
effervescence or fermentation commences just as occurs in every 

1 Anuales de Chinde, Ixxvi. 1810. 
2 Elements de Chimie, i. 2nd ed. 
3 Añílales de Chimie, xxxi. 1799. 
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other chemical process, as, for instance, when an acid and a 
carbonate are mixed in t h e ^ ^ 

I 
the fermentation of sugar. He observed tha* ^ 
cess of fermentation, a deposit occurred which had the power 

simtl^to those of yeast. Thenard states 
to determine whether this substance was i o m ^ e -
of the fermentation, or whether it was m solution 
mencement and became deposited as aresultof 
which occurred. He, however, inclines towards the latter 

^Gay-Lussac was led to make his investigations by « 
the procedure of M. Appert for preserving vegetable and animal 
substances.2 

to be preserved in bottles, very closely corked. These bottles 
were exposed to the temperature of boiling water for a longer 
^shorter period of time. They were then packed up a n d ^ ! 
for use. There can be no doubt as to the efficiency of this 
method for in Appert's work certificates are furnished by 
sev^al scientific commissions, containing such names as Gay-

noticed that, though the substances so propped 
could be preserved unaltered for an indefinite period so long 

L vessels were kept thoroughly 
the vessels were opened, and more especially if the substance 
were decanted into other vessels, their contents underwent 

r 

which had been preserved for a year unaltered, and which as ac 
cordinglv quite limpid. Having opened the flask he poured 
contents into another vessel, which he closedvery accurately 
and kept at the temperature of 15° to 30° C. Eight days latei 

l Vegetable SubstHM*** • 

the juice had lost its transparency, fermentation had become 
established, and it soon became an alcoholic fluid. A second 
vessel containing grape-juice, prepared by Appert's method, 
was kept at the same temperature and in the same place, but 
unopened. This remained pure. This latter flask, the neck of 
which had been drawn out and sealed, was now taken, and 
a deep notch having been made with a file, its neck was 
plunged into mercury and then broken off. A portion of 
the contents was then introduced into a bell-jar containing no 
oxygen, and a second portion into one containing a small quan-
t i t y ^ that gas. The first remained without change for forty 
days, while the second underwent fermentation very rapidly. 
In the latter flask all the oxygen had disappeared, but much 
more carbonic acid in proportion had been produced. Gay-
Lussac therefore concluded that, although oxygen is necessary 
to initiate the fermentation, yet it is not essential for its con-
tinuance. The same results were obtained when currant-juice 
or freshly prepared grape-juice were used. Gay-Lussac further 
found that, if this juice after being transferred from one vessel 
to another were again heated after secure corking, it could 
again be preserved for an indefinite time. He observed that 
during the boiling the fluid lost its transparency and a deposit 
took place. He came to similar conclusions as to the necessity 
of oxygen for the initiation of fermentative processes, in the case 
of the putrefaction of meats, &c., preserved according to Appert's 
method. 

Gay-Lussac concludes from Iris experiments that oxygen is 
necessary for the commencement of the fermentation ; that 
this oxygen combines with some substance in the fermentescible 
fluid, thus producing the ferment, which can then act without 
further oxygen ; that the effect of the heat in Appert's method 
is to decompose any combination already formed, and to make 
the oxygen which is present unite to form some substance which 
is not a ferment; that the product of this union with oxygen 
is the deposit which is seen to occur on heating these fluids. 
1 le however recognises that fermentation is still a mysterious 
process, since it occurs slowly and not immediately like other 
chemical actions. 

Passing now over a period of some years, we come to the 



views of Caignard-Latour, made known in papers presented to 
the French Academy during the years 1835-87.» On examin-
ing fermenting grape-juice, he found (as indeed had been im-
perfectly observed before by Leuwenhoeck and Desmazieres 
that it contained numerous globular bodies which he considered 
to be of vegetable nature, and which he found to possess the 
power of reproduction, partly by budding and partly, as he sup-
posed, by contracting and liberating numerous spores. From 
several facts-amongst others, from finding that in juices not 
undergoing alcoholic fermentation these bodies were absent, 
while they were always present where that fermentation oc-
currecl—he concluded that they were the cause of the fermenta-
tion He further found that the deposit of which Thenard 
spoke, and which he had stated to be the ferment, was composed 
entirely of these bodies. . 

Similar views were announced almost simultaneously by 
Schwann,'2 and to him rather than to Caignard-Latour must be 
given the credit of having furnished the first real proof of the 
view that these cells were the causes of the fermentation. 

Schwann prepared infusions of meat, fruits, &c., somewhat 
after Appert'« method, but, instead of leaving the vessels com-
pletely sealed, he allowed air which had been previously heated 
to come in contact with the fluids. The following is lus de-
scription of the method which he ultimately adopted. 

< Into a three-ounce vessel a small piece of meat was introduced, 
and then water was added so that the whole occupied about one-
fourth of the cilpacity of the vessel; the bottle was then closely corked 
th* cork being firmly fastened down by wire. This cork was traversed 
by two small glass tubes, one of which was at once bent downwards 
on its exit from the vessel, and its orifice chpped into a small beaker 
containing mercury covered by a layer of oil The other tube ran at 
first horizontally and then directly downwards for an inch, and a half. 
There it had two narrow spiral turnings, then it again ran upwards, 
and finally horizontally, being drawn out to a fine point at its termi-
nation. The cork was covered with several layers of a solution of 
caoutchouc in linseed oil, rendered thinner by the addition of oil of 
turpentine The fluid in the flask was now boiled, and the steam was 
made to issue from the two tubes till the mercury and oil became so 

. See 'Annales de Chimie et de Physique, t. lxviii. 2' série, 1838. 
2 Poygendor/'s Annale/i, xli. 1837. 

hot that they no longer condensed the steam. (In order that no 
organisms might develop in the water which remained between the 
oil and the mercury, a layer of corrosive sublimate was placed between 
them.) While the boiling was going on a spirit lamp was placed 
under the spirals of the second tube, and the heat was continued until 
the tube began to soften (see Fig. 1). The drops of water condensing 
in the cooler parts of the tubes were dispelled by another lamp. After 
boiling had continued for a quarter of an hour it was stopped, and, 
during the cooling of the flask, air passed through the second glass 
tube into the vessel, being however previously heated in the spiral 
part of that tube. After complete cooling of the flask the orifice of 
this tube was sealed and the portion of the tube between the spiral 
and the end, containing unheated air, was heated. That being done 

Prepared in this way, the flask contained, only boiled meat 
infusion and heated air. From time to time this air was 
renewed in the following manner: the spiral part of the tube 
having been heated almost to melting, the point was broken 
and fresh air forced slowly in, the old air bubbling out through 
the mercury. After a time the tube was again sealed with the 
same precautions as before. 

By operating thus Schwann succeeded in preserving meat 
and other substances at a temperature of 63° to 77° F. without 
any putrefaction, and without the appearance of organisms in 
them; while the same materials when exposed to ordinary air 
underwent putrefactive changes in a few days. 



It was thus evident that there was a something present in 
the air, other than the gases of the air which had the power of 
bringing about fermentative changes in boiled liquids, and 
that this something could be destroyed by heat. 

Some further experiments which Schwann performed with 
reference to the alcoholic fermentation furnish additional 
evidence against the view that the gases of the air are the causes 
of putrefaction. 

A solution of cane sugar liaving been mixed with yeast, four flasks 
were quite filled with the mixture and then corked. These flasks 
were placed in boiling water for an equal length of time (ten minutes 
each). They were then inverted over heated mercury, and air was 
introduced so as to displace one-third to one-fourtli of the fluid. The 
flasks were afterwards corked under mercury and kept at a tempera-
ture of G3° to 77° F. In two flasks the air thus introduced had been 
previously heated, in the other two it had not been so treated. In 
four to six weeks the flasks which had received the unlieated air 
burst, their contents having undergone alcoholic fermentation. The 
other two flasks remained unchanged for more than three months. 

Schwann states that this latter experiment with heated air 
is generally, but not always, successful, and he explains this by 
the supposition that after the heating of the mercury, and in 
the processes of uncorking and corking, organic matter, which 
had not been previously heated, might very possibly mix with 
the mercury and enter the flasks. (This view has since been 
proved to be correct by Pasteur.) 

It is but fair to refer here to the experiments on spontaneous | 
generation published in 1836 by Franz Schulze. These will ; 
be described at a later period. They are, however, of interest 
here, because Schulze anticipated Schwann in the principle of ; 
admitting air previously acted on in some way or other, in 
his case chemically, to Appert's preserves. 

Schwann's experiments were repeated and confirmed by Ure | 
in 1840 1 and by Helmholtz in 1843.2 The latter author, in 
order to test, the oxygen view still further, prepared an infusion 
in the usual manner in a vessel into which platinum electrodes 
were fixed. After the infusion had remained unaltered for some 

1 Jownal fur praJetische Chemie, xix. 
2 Miiller's Archir. 1843. 

time a current of electricity was sent through the liquid, 
decomposing the water into hydrogen and oxygen. But even 
this oxygen in its nascent, and therefore in its most active state, 
was unable to produce any fermentation in the fluid. 

In the meantime Liebig had stepped forward as the oppo-
nent of the views advanced by Caignard-Latour and by Schwann. 
He proposed a theory of a totally different nature.1 After 
pointing out that organic molecules have a tendency to alter 
their constitution, to break up and rearrange themselves, 
he approaches the question of putrefaction and fermentation. 
With regard to the cause of these changes he writes as follows : 
' Cette cause est la faculté que possède un corps en décomposi-
tion ou en combinaison, c'est-à-dire, en action chimique, d'éveiller 
la même action dans un autre corps qui se trouve en contact 
avec lui, ou de le rendre apte à subir l'altération qu'il éprouve 
lui-même.' Ile compares this sort of action to combustion, and 
cites several well-known instances of this kind, such as the de-
composition of nitric acid by an alloy of platinum and silver, 
a change which does not take place with the platinum alone ; 
or the decomposition of peroxide of manganese by oxide of 
silver, &c., in water containing oxygen. 

He includes under the term ' eremacausis,' the alterations 
which organic substances undergo at ordinary temperatures, 
and as the result of the action of oxygen. When oxygen is 
excluded, putrefaction occurs. Putrefaction is a combustion 
of one or more of the elements of the organic substances at 
the expense of their own oxygen. Where no foul smelling 
products result, the process is termed fermentation. Putrefac-
tion occurs when the equilibrium of the attractions of a complex 
organic molecule is upset, and it results in a rearrangement of 
these elements. Non-nitrogenous organic substances do not 
undergo this putrefaction spontaneously when they are pure. 
They must be brought in contact with some substance already 
undergoing change. This latter substance is therefore termed 
a ferment. This ferment is a nitrogenous substance under-
going putrefaction and eremacausis, it converts the oxygen of 
the air into carbonic acid, &c. Its activity is destroyed by 
desiccation, by heat, alcohol, &c. It is the soluble portion of 

1 Annales de Chimie et de Physique, 2e série, lxxi. 1839. 



the ferment which is active and this does not act by direct 
contact but in consequence of a decomposition which it itseli 
u n d ^ es. The elements of the ferment take no part in the 
formation of the products which sugar furnishes when fer-
mented, though at the same time the ferment is itself under-
going destruction. (This latter statement is based on an ob-
l a t i o n by Thenard, who found that 20 parts of fresh yeast, 
added to 100 parts of sugar left, after fermentation was com-
plete only 13-7 parts of an insoluble residue. This residue 

ced in a new portion of sugar became reduced to 10 parts. 
S is last residue no longer exerted any action. Pasteur has 
since completely disproved the accuracy of Thenard's result. 
On the contrary he finds that yeast increases m a r M y 
during fermentation, and in his latest work Liebig admits 

^ The ferment is, therefore, according to Liebig, a body 
undergoing decomposition. If the ferment is too small m 
quantity for the sugar, when the decomposition of the former is 
complete the latter ceases to ferment (this statement has since 
been shown to be quite erroneous), and therefore a sufficient 
quantity must be present in order that its decomposition may 
not be completed till that of the sugar has ended No specia 
substance is, according to this view, required m order to act as 
a ferment, but merely one which shall be the constant exciter 
of action in the fermentescible substance. (This statement s 
also wrong, because putrefying fluids and tissi^s added t 
sugary solutions do not convert the sugar into alcohol This 
wa^ latterly admitted by Liebig, who was compelled to alio, 
the existence of some relation between the yeast plant and the 
alcoholic fermentation, a connection which he, however, 
attributed to the effect propagated from the dead and dying, 
not from the living, cells.) 

Liebig sums up as follows:— 
Organic compounds present two opposite and definite 

phenomena. ^ ^ bodies endowed with new properties, 
the elements of several molecules of a more simple compound 
uniting to form one molecule of a more complex nature. 

2. Some complex molecules of a high degree of complexity 

break up into one or more less complex molecules of a lower 
order, in consequence of the destruction of the equilibrium of 
the attractions of their elements. This equilibrium may be 
destroyed by heat, by contact with a body of different compo-
sition, or by the action of a body which is itself undergoing 
change. 

As an example of this Liebig takes the case of urine: ' In 
fresh urine,' he says, ' if oxygen be entirely excluded there 
occurs no alteration of the urea or of the hippuric acid con-
tained in it, but if exposed to the air another substance present 
in the urine (probably the mucus) undergoes a change of form 
and composition (eremacausis), which is transferred or com-
municated to the urea and the hippuric acid ; the urea is 
resolved into carbonic acid and ammonia; the hippuric acid 
disappears, and in its place is found benzoic acid.' 

He continues: ' When we reflect that the power of exciting 
putrefaction belongs to bodies of the most different composition, 
that blood, flesh, cheese, saliva, infusion of malt, emulsion of 
almonds, &c., acquire this property as soon as, by the chemical 
action of oxygen, a disturbance in the equilibrium of the 
attraction of their elements has taken place, all doubt as to 
the true cause of these phenomena seems to disappear.' (We 
shall see later that in this Liebig is wrong, that meat, cheese, 
&c., cause putrefaction not from any inherent tendency to do 
so or from any state of decay, but because they introduce the 
necessary particles into the putrescible liquid.) 

Liebig then goes on to say, with reference to the germ 
theory of putrefaction, that after the death of fungi and in-
fusoria we observe the same putrefactive phenomena as after 
the death of a larger animal. These organisms, according to 
him, only appear at a late period of putrefaction, and therefore 
are not the cause of it, though no doubt by their vital actions 
they must hasten and modify the change. 

And now let us pause in the history of this important sub-
ject, and methodise somewhat the views expressed. These may 
be divided into three sets. Firstly, we have that of Gay-
Lussac, who attributes putrefactive and fermentative changes 
solely to the influence of oxygen in the first instance. 
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Then eome the views of Caignard-Latour and S t a n • 
referring these changes to the entrance into the ftmds of s o d 

i n g Andlastty, we have the view of Liebig, who looks on osy-
And, lastly, fomentation that it canses erema- 1 

g e n " i L S e s »dergoing this change being now capable. 1 

157 tttill be more convenient if for the present we class these 
views under two h e a d s - t h e oxygen theory (Gay-Lnssacs) on 
Ihe one hand, and the particulate theory (Schwann's) on the 
other At a ,'ater period w e s h a l l determine whether Liebigs 

or Schwann's is the more tenable view. q . W n n 
I have already mentioned the researches of Schulze, Schwann 

Ure! and Helmholtz as tending more or less to upset the vxews 

° f ^ X e s e a r c h of importance on this s u t ^ t is £ £ 
Schroeder and Dusch.' Their aim was to see whether filtration 
" a i r would be sufficient to prevent the fermentation of 
boiled fluids. Their apparatus was the following: 

firmly embedded in tbe cork ; one tube was or the purpose of con 
ductincr air to the. vessel, and the other to suck air out o it 

The conducting tube' was connected by means of a short P-ce 
vulcanised caoutchouc with a glass tube; the ater J » ^ ^ } 
« a wider tube (1 inch in diameter and 20 inches long) bj means U 

r ^ c l k J that in tbe bottle, and at the other end of th , £ 
was a cork with a bit of tubing in it, called the open tube. Ihe . 

i Annalen der Chemie und PJuirmacie, 1854. 

SCHROEDER AND DUSCIL 1 3 

tube was loosely filled with cotton wool which had been previously 
heated for some time in a water bath. 

The other tube—the suction tube—which in the interior of the 
flask reached almost to the level of the fluid, was connected by means 
of a vulcanised india-rubber tube with the upper tube of an ordinary 
»asometer, this latter tube being provided with a stop-cock. The 
o-asometer was filled with water, and on opening the lower tube of 
this vessel the water flowed out and thus the gasometer acted as an 
aspirator. (See Fig. 2.) 

Such was the apparatus employed. The fluid having been 
introduced into the flask, and all the connections having been 

F I G . 2 . — S C H R O E D E R AND DUSCH'S A P P A R A T U S FOR SUPPLYING 
FILTERED AIR . 

(The tube to the left ought to reach almost to the level of the liquid.) 

ascertained to be air-tight, the cock of the aspirator was shut 
and the substance to be tested was boiled, till all the tubes as 
far as the cotton wool had been thoroughly heated; then, the 
joinings having been again examined, the aspifator was so 
arranged that water flowed out of it drop by drop, and thus 
sucked air slowly through the flask. 

Meat, boiled in water and kept in a flask of this kind with 
constant change of air, was preserved for twenty-three days, and 
when tested at the end of that time was found to be quite un-
altered, while a similar infusion left exposed to ordinary air had 
to be removed from the laboratory during the second week on 
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a c c o s t of it, intolerable steneh This e x p e r t was repeated 
several times with similar results 

Schroeder and Duseh ^ e ^ n t e d >n ^ 
A f r e s h s w e e t ^ « ^ ^ ^ ^ ^ L n o ^ W 
the fluid being stil continued. The 

fermentation in a week. k l t g 

In a paper 
this subject.1 Having iou u b preserved for 

^ — i o n . 

C h X s p t ^ c o r « n e n t s of milk conld be easilypreserved 

- -
W 0 ^ ; 1 n b t n o ° e ; which failed were milk, yolk of egg 
meat h e S ^ o u t addition of water, and occasmnally meat 

i n f U i ° n the result of these contradictor, experiments he came 

. Anmlen do- Chemie md PMrmaeie, cix. 18o9. 

can be arrested by cotton wool, and, secondly, by oxygen gas 
(in the ease of milk, yolk of egg, &c.). 

Two years later there appeared another paper by Schroeder 
referring to those substances which he had previously failed to 
preserve, and in this research he has recourse to the use of 
higher temperatures than formerly.1 

Yolk of egg, after being heated for half an hour in a closed 
glass vessel, at a temperature of 130° C. (266° F.), was placed 
in a flask the neck of which was stuffed when hot with cotton 
wool, and was again boiled with a little water. This remained 
for seventy days unchanged. 

He succeeded in a similar manner with meat and milk, and 
in the case of the latter he found that prolonged boiling at 
100° C. was sufficient. 

From these facts he gives up his formerly expressed view as 
to the spontaneous fermentation of organic substances under 
the influence of oxygen, and concludes that in these fluids 
spores were present which could resist a boiling temperature, 
the development of these spores being, according to him, the 
cause of the fermentation. He further considers that these 
spores were present originally in the milk, and were not intro-
duced from the air, because he finds that milk which has not 
been boiled at all putrefies sooner than pure boiled milk 
exposed to the air. 

It may be interesting to mention here that similar difficul-
ties were experienced by Appert in his attempts to preserve 
milk. He succeeded by the following method : ' Condense the 
milk to two-thirds of its volume, strain it, then put it in the 
bottle, seal and boil in a water bath for two hours.' In order 
to prevent the cream from separating he found it well to add 
yolk of egg. This did not increase the difficulty in preserving it. 

Still further evidence disproving the gaseous theory is fur-
nished by Pasteur.2 He repeated Schwann's experiments and 
was successful with most fluids, but for a time he failed in the 
case of milk. He, however, succeeded when he boiled the milk 
under pressure at 110° C. (230° F.) for one or two minutes, 
heated air being then allowed to come in contact with it ; and 

! Annalen dcr Chemie wnd Pliarmacie, cxvii. 18G1. 
2 Annales des Sciences Naturellcs, serie iv. t. xvi. 1861: Zoologie 
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he also succeeded if he subjected the milk to prolonged boiling 
at 100° C. Such milk remains unaltered for an indefinite 
length of time, but it readily decomposes if unheated dust be 
introduced into it in the manner to be afterwards, described. 

The most striking of Pasteur's experiments is that of the 
flask with the bent neck. A flask containing, say, yeast water is 
heated so as to render its contents pure. Its neck is drawn out 
and bent, and then, after boiling, the lamp is simply with-

F I G . 3 . — P A S T E U R ' S FLASK WITH T H E BENT NECK. 
(From Pasteur.) 

drawn, the neck being neither heated, sealed, nor plugged 
(Fig. 3). Nevertheless the fluid does not undergo any change. 

If, on the other hand, the neck of this flask be sealed 
during ebullition, a more or less perfect vacuum is thus pro-
duced, and then, if the neck be broken after cooling, air rushes 
violently into the flask, carrying with it its dust. The result 
is that fermentative changes occur in the fluid. In the same 
way, if one of the flasks with open necks, the contents of 
which have remained for some time pure, has the neck broken 
off short, the fluid in its interior rapidly undergoes fermenta-
tion ; or again, if the neck be not bent but be kept straight, so 
as to allow dust to fall in, fermentation rapidly occurs. 

The explanation of these results is that in the case of the 
flask with the long neck the dust is caught in the curve, which 
in the first inrush of air is filled with water, which filters the 
air (Mr. Lister's view). Pasteur had supposed that part of 
the air dust entered the vessel instantly, but that the fluid and 
the walls of the flask were at that time so hot that any living 
particles present were immediately destroyed. 

As will be seen further on, Pasteur also found that it was 

not necessary to filter the air of its dust, but that if the air were 
merely left undisturbed for some time till the dust settled, it 
might then be introduced info flasks without causing any 
development.. 

These experiments have been repeated by various observers 
with success, and Mr. Lister has at present in his possession a 
flask, of this kind containing urine which is now thirteen years 
old, but which still remains unaltered and as limpid as on the 
day it was prepared. 

In a lecture on Haze and Dust,1 Professor Tyndall showed 
that if no dust were present in a flask, a beam of condensed 
light passed through the vessel in a dark room would only be 
visible on each side of it, but would be invisible in its interior; 
in other words, we see light only because there are particles in 
the air which render it visible. Were there no particles all 
would be darkness. 

Such being the case, Tyndall found that when the air 
which was admitted to a flask had been previously heated, as 
in Schwann's experiment, the beam of light was not visible in 
the interior, showing that all or almost all the particles had 
been destroyed by heat, or, in other words, were in the main of 
an organic nature. By the same method Mr. Lister has found 
that in Pasteur's flasks with the long open necks, no floating 
dust is present, after what was originally there has settled. 

Another method of excluding dust was published in 1873 
by Mr. Lister.2 It seemed probable that the occasional failures 
which occurred in the attempts to preserve boiled fluids arose 
from the fact that the steam did not destroy the septic energy of 
the dust in the necks of the flasks which had not been previously 
heated. Mr. Lister, therefore, in addition to the precautions as to 
boiling under cotton-wool caps, &c., subjected his flasks to a high 
temperature previous to the introduction of the fluid. This is 
done by keeping them, after the cotton cap has been applied, 
m a n i r o n box, which is kept at a high temperature for two 
hours. 

This box is of a square form, with one of its sides movable so as 
1 Nature, Jan. 27, 1870. 
* Microscopical Journal for October 1873 ; see also T-, 'ans. of Path. Society 

Sf London, vol. sxvii. 1878. 



to form a door. ' This door has its circumferential part in the form of 
a groove capable of being packed with a considerable mass of cotton 
wool (Fig. 4, F). This door can be secured by means of nuts against the 

edge of the box; and the cotton wool, 
having the narrow rim' of metal thus 
firmly pressed against it, serves as an 
effectual filter of the air that passes in 
during cooling. But then it is essen-

"E tial that the heat be so equally distri-
buted as to avoid heating any portion 
of the cotton to such a degree as to 
destroy its physical properties. This 

FIG. 4 . - DOOR OP MR. uniformity of heat is provided for bv 
LISTER'S BOX. , . . , , 

having three shelves ox sheet iron inter-
posed between the large Bunsen's burner and the bottom of the box, 
so as to prevent the heat from acting directly upon it, while at the 

same time the box is covered over with a cover of sheet iron (Fig. 5, K), 
which reaches nearly to the ground, and, while it checks radiation, 
compels the heated air to travel over the whole exterior of the box 

FIG. 5 . — M R . LISTER'S HOT BOX. 

and escape by holes at the top of the cover, whence it is conducted 
into a chimney by a tube (L). By these two means combined, the 
shelves below and the cover round about, we get a uniform browning 
of the cotton. Into such a box the requisite number of vessels are 
introduced (Fig. 5). An aperture in the top of the box well packed 
with cotton wool transmits a thermometer (M), to show us when the 
temperature of 300° F. has been reached, and when this, or any other 
higher degree short of 350"' F., 
has been continued for two 
hours, the gas is turned off' jpSiè-iS] 
and cooling is allowed to take 
place ; and when the apparatus ^ ^ ì M l " 
is quite cool, the covered glasses 0 
may be removed with confi-
dence that they are perfectly ' ^ | ¡||| 
free from living organisms.' /M; S 

In this manner Mr. Lister 7 ti \ ̂ i lk 
purifies his flasks. The larger (Mf(!L-
flasks have two necks, a large (tìllllPIll iplif I 
vertical one and a lateral one, V̂ SIB M S flfcyjjjfc 
which is a bent spout, large at __ 
its commencement and com- " _ ' r 

paratively narrow at its shorter 
terminal part beyond the bend 
(Fig. 6, o). The large size of 
the first part prevents it from acting as a siphon, and the result is 
that when the liquid is poured from such a flask and the vessel is 
afterwards restored to the erect position, the end of the nozzle remains 
filled with a drop of the liquid, and this guards the orifice so that 
regurgitation of air can never take place through the nozzle. This 
drop of fluid being sucked away by means of a carbolised rag, a pure 
cotton cap is tied over the orifice, and the flask is kept for future use. 

This flask, purified by heat and with each orifice covered with 
pure cotton caps, is used for the experiments (see Fig. 7). The fluid 
to be tested is introduced into it by means of a siphon, consisting of 
two glass tubes (s and T)connected by a tube of india-rubber (u), with 
a stop-cock (v) in the course of the india-rubber tubing. The siphon 
is first completely filled with water, the temperature of which should 
->e higher than that of the air, so that there is no dissolved air given 
off to form bubbles. Place one leg of the siphon in the vessel contain-
ing the. fluid to be used (w), then turn the tap and permit a sufficient 
amount of fluid to flow out to ensure that all the water has escaped 
from the siphon ; then turn off the stop-cock, wash the outside of 

c 2 

FIG. 6 . — M R . LISTER'S I.ARGE 
UOUBLE-NECKEB FLASKS. 
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7 . — M E T H O D OF FILLING THE FLASKS. 

siphon is withdrawn through the antiseptic rag, and a fresh cap of 
carbolised cotton (the cotton is carbolised by being soaked in a solu-
tion of one part of crystallised carbolic acid in one hundred parts 
of anhydrous ether and allowed to dry) is tied over the mouth of 
the flask when the rag is withdrawn. The fluid is now heated for 
the desired length of time, and then abandoned under the protection 
of the caps. 

In this way Mr. Lister has found that he can preserve 
turnip infusion, hay infusion, urine, fresh milk, &c., for any 
length of time without any alteration taking place. To pre-
serve milk, the flask containing it is immersed in boiling water 
for half an hour or more. 

20 THE PARTICULATE THEORY OF FERMENTATION. 

the tube (T) with carbolic lotion, wrap a mass of carbolised rag (Y) 
around its lower extremity, and apply this to the mouth of the flask 
(x) as soon as the cotton cap is removed; push the tube steadily 
down to the bottom of the flask through the carbolised rag, turn 
the stop-cock, and let the required amount of fluid flow into the flask 
(Fig. 7). When this has taken place the tap is again turned off, the 

But this is not all, for these fluids can be transferred to 
smaller vessels without undergoing any fermentation after this 
transference. This is done as follows: a liqueur glass (A) is 
covered by a glass cap (B) (watch glass), and the whole by a 
glass shade (c), the liqueur glass 
and the shade standing on a glass 
plate (see Fig. 8). This arrange-
ment is introduced into the hot 
box and thoroughly purified. 
Thus we have a pure glass filled 
with pure air, and the problem 
is to transfer the fluid from the 
flask to the glass without con- Fk , g 

tamination in the process. To 
do this, the cotton cap is removed from the nozzle of the flask 
(Fig. 7, z) and the end of this is instantly slipped into an 
opening in the centre of half an india-rubber ball (Fig. 9, r ) 
previously steeped in a strong watery solution of carbolic acid. 
The outer glass shade is then removed, and the watch glass 
being lifted, the india-rubber cap is instantly applied in its 
place (see Fig. 9). The required quantity of fluid is then poured 
into the glass, and the cap and shade 
immediately reapplied. A fresh cotton 
cap is now tied over the nozzle of the ^ ' 
flask. In this manner any number of If 
glasses may be charged, and these are ^iggjl^ R 

found to remain as pure and unaltered ^¡tSffSr 
as the fluid in the original flask. \JjJfj 

And now observe what such experi-
ments teach. In the first place, into 
the original flask, when cooling, air ^ ^ S g r ^ . - ' W ' " ' " 
enters, but this air having passed 
through a cotton-wool plug is incapable FIG. 9 
of causing putrefaction. Then in the 
decanting of this liquid from the flask, fresh air must enter 
through the large mouth of the flask, but as this passes through 
a filter of cotton wool it is in like manner incapable of causing 
fermentation. Further the liqueur glasses are full of air, which 
has either been previously heated, or which has been filtered 
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through the cotton wool around the door of the hot box. The', 
fluid when poured from the flask into the glass mixes freely 
with this air, but no change is set up. And, lastly, the loosely-
fitting glass cap and shade allow a free interchange of air, but 
are so placed as to make sure that the ah- deposits its dust 
outside the glass, thus corresponding in action to Pasteur's flasks 
with the bent necks. In spite of all these opportunities of 
admixture with the gases of the air, all sorts of fluids remain 
unaltered, while, on the other hand, the same liquids exposed 
freely to unfiltered air rapidly undergo fermentative changes. 

These experiments are of themselves an absolute proof that 
the gases of the air alone are unable to cause fermentative 
changes in organic substances. 

In 1874 Dr. Roberts1 demonstrated again that fresh milk 
and other substances could be prevented from putrefying if 
kept in a flask with a cotton-wool plug after having been pre-
viously boiled. 

His method was as follows : An ordinary delivery pipette, having 
on it an oblong bulb capable of containing 30-50 cc., was sealed at one 
end, and the materials to be experimented on were then introduced 
into the bulb until it was two-thirds full (Fig. 10, A). The inside 
of the neck of the bulb was next wiped dry, and a plug of cotton 
wool was inserted about its middle. Lastly, the neck was drawn 
out above the plug and sealed in the flame (Fig. 10, B). 

When the bulb was thus charged and sealed it was weighted with 
a leaden collar, and submerged in the upright position (so as to pre-
vent the wetting of the cotton-wool plug) in a can full of water. 
The can was placed over a source of heat and boiled for the re-
quired time. The bulb was then withdrawn and, when quite cold, 
its neck was filed off above the cotton-wool plug (Fig. 10, c). 
Finally it was set aside in the upright position and maintained at a 
suitable temperature. 

By exposure to the heat of boiling water for from twenty to 
forty minutes Roberts was able to preserve those substances 
with which Schroeder and other observers had failed, viz., milk, 
pieces of meat, and egg albumin. 

In 1876 experiments were published by Professor Tyndall2 

1 Philosophical Transactions, 1874. 
3 Philosophical Transactions, 1876. 

which afford still further evidence on this subject. I have al-
ready mentioned the method by which he demonstrated the 
presence or absence of particles in suspension by passing a 
powerful beam of light through the air to be examined. He 
found that ' in order to render air optically pure it was only 
necessary to leave it to itself for a sufficient time in a closed 
chamber or in a suitably-closed vessel. The floating matter 
gradually attaches itself to the top and sides, or sinks to the 
bottom, leaving behind it air possessing no scattering power. 
Sent through such air the most concentrated beam fails to 
render its track visible.' 

n-

f \ f a 
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FIG. 1 0 . — D R . ROBERTS' BULBS (COPIED FROM ROBERTS) . 

His method as described by himself is as follows : £ A chamber or 
case was constructed with a glass front, its top, bottom, back and 
sides being of wood. At the back is a little door which opens and 
closes on hinges, while into the sides are inserted two panes of glass 
facing each other. The walls of this case are smeared with glycerine 
in order to make the dust adhere. The top is perforated in the 
middle by a hole 2 inches in diameter, closed air-tight by a sheet of 
india-rubber. This sheet is pierced in the middle by a pin, and through 
the pinhole is passed the shank of a long pipette ending above in a 
small funnel. A circular tin collar 2 inches deep surrounds the 
pipette, the space between both being packed with cotton wool mois-



tened with glycerine. Thus the pipette, in moving up and down, is 
not only firmly clasped by the india-rubber, but it also passes through 
a stuffing box of sticky cotton wool. The width of the aperture 
closed by the india-rubber secures the free lateral play of the lower 
end of the pipette. Into two other small apertures in the top of the 
cupboard are inserted, air-tight, the open ends of two narrow tubes 
intended to connect the interior space with the atmosphere, lhe 
tubes are bent several times up and down so as to intercept and 

retain the particles carried by 
such feeble currents as changes of 
temperature might cause to set in 
between the inner and the outer 
air (see Fig. II). 

' The bottom of the box is 
pierced with holes, in which are 
fixed, air-tight, twelve test tubes, 
intended to contain the liquid to 
be exposed to the action of the 
moteless air.' 

The case so prepared is closed 
and allowed to stand for three or 
four days, till it is found by the 
beam of light that all the dust has 
settled. Then, the pipette being 
dipped into the test tubes, the 
fluid to be experimented on is 
introduced into each in succession. 
They are then boiled for five 

F I G . 1 1 . — P R O F . TVNDALL'S PURE 
CHAMBER (COPIED FROM T Y X D A L L ) . 

minutes in a brine bath. During the cooling, plugs of cotton wool 
are introduced into the small external convoluted tubes, but these 
plugs are afterwards withdrawn. The apparatus is then kept at a 
suitable temperature and at perfect rest. At the same time a part of 
the same infusion boiled for the same length of time is placed outside 
the box in free contact with the air. 

In this way Tyndall has been able to preserve for an inde-
finite time, boiled urine, mutton infusion, beef infusion, haddock 
infusion, turnip infusion, hay infusion, infusion of sole, liver 
infusion, infusion of hare, rabbit, pheasant, grouse, codfish, 
turbot, herring, mullet, fowl and kidney; while flasks contain-
ing the same infusions, left exposed to the air after boiling for 
the same length of time, invariably putrefied in a few days. 

24 THE PARTICULATE THEORY OF FERMENTATION. TYNDALL. 

This experiment, though resembling in many respects 
Pasteur's experiment with the flasks with long bent necks, differs 
from it materially. In Pasteur's experiment the whole of the 
interior of the vessel is acted on by the heat, and thus when the 
boiling is ended there is no part of the flask, except the neck, 
which contains any particles capable of causing fermentation. 
In this case, however, the steam from the tubes, passing into 
a larger chamber, is not able to destroy the vitality of the dust 
lining the walls of that chamber, and therefore the infusion is 
here not only in contact with ordinary air which has not been 
acted on by heat nor filtered of its dust, but the septic dust 
itself is present in the same vessel though not in actual contact 
with the fluids. Tyndall found that as soon as ordinary labora-
tory air, laden with dust, was admitted, putrefaction commenced. 

Tyndall has further shown that the gases arising from 
putrefying substances, however foul smelling, cannot produce 
decomposition in other fermentescible liquids, although this 
readily occurs when ordinary dust is admitted. 

Thus, ' on the 30th of November a quantity of animal refuse, 
embracing beef, fish, rabbit, hare, was placed in two lai'ge test tubes, 
opening into a protecting chamber containing six tubes. On December 
13th, when the refuse was in a state of noisome putrefaction, infusion 
of whiting, turnip, beef, and mutton were placed in the other four 
tubes; they were then boiled and abandoned to the action of the foul 
sewer gases emitted by their two putrid companions. On December 
25th these tubes were still unchanged. On the same day the end of 
the pipette was dipped into one of the putrid tubes and then inserted 
into the turnip, and on the 27th a similar speck was transferred to 
the whiting. These rapidly underwent decomposition, while the 
remaining two tubes remained unaltered.' 

By operating in the manner described by Mr. Lister I have 
succeeded equally well in preserving fresh milk, meat, cucumber 
or turnip infusion for any length of time. As I shall have to 
refer at a later period to experiments in which extensive use is 
made of the ease with which these fluids can be preserved 
though retaining great readiness to undergo fermentation, I 
need not say more at present. 

Not only is air which has been filtered incapable of caus-
ing fermentation in a boiled liquid, but air which has been 



acted on by carbolic acid is also without effect. I may 
mention a few facts made out by myself in support of this 
statement. 

In the small room in which most of my experiments were 
done it was almost impossible for me to transfer fluids from one 
flask to another, by Mr. Lister's method, without contamination 
and subsequent fermentation, but if I performed the same 
manipulations in a spray of about 1 to 30 carbolic acid and water 
I could transfer all sorts of fluids with ease from one flask to 
another without any risk, even though done in the most leisurely 
manner. In doing this I have used Mr. Lister's double-necked 
flasks without the protection of the india-rubber cap. I have 
also in a few instances simply poured the fluid from one single-
necked flask to another, and when this was done in a carbolic 
acid spray without other precaution, the fluid remained pure. 

That milk once rendered barren by boiling can be readily preserved 
for any length of time, though retaining its capability for undergoing 
fermentation,is shown by the following experiment. 

On January 30th milk was prepared by boiling for twenty minutes 
in a flask purified by boiling distilled water in it under a cotton cap, 
the flask being afterwards dried by heat. 

On the same afternoon three purified tubes with glass caps and 
shades (just like Mr. Lister's liqueur glasses) were half filled with this 
milk under the spray. 

February 6.—The caps were removed under the spray, and a 
heated needle being introduced, portions of the fluid were taken from 
each tube for microscopical examination. All the milks were found 
to present the normal appearance of fresh milk externally and micro-
scopically. 

February 11.—Examined as before. No change. 
February 19.—No change. 
March 3.— Still fluid and unchanged in appearance. Two of the 

tubes were now tested by the addition of a drop of fluid from a tube 
containing milk which had been left open, and which had putrefied. 
In three days the milk in these two flasks had separated into two 
layers, and had lost its normal characters. 

April 11.—The milk in the third test tube still remains un-
changed. 

I might multiply instances to show that milk and other 
fermentescible fluids can be kept in this way for months at a 

suitable temperature, without undergoing any change. This is 
not due to any effect of the carbolic acid on the milk, because milk 
so preserved rapidly undergoes fermentation when exposed to the 
air. Indeed the minute quantity of the solution which comes in 
contact with it can have no effect whatever, as is shown by the 
following experiment performed in 1877. 

February 1—Five pure test tubes were taken and into each was 
introduced 100 minims of boiled milk, along with a certain number of 
minims of watery solution of carbolic acid, 1-20. 

To No. I. were added 2 mins., making a proportion of 1-1000. 
» I L » 5 » „ „ 1-400. 

HI. „ 10 
IV. „ 20 
V. „ 50 

1-200. 
1-120. 

1-60. 
They were then shaken up and left exposed to the air for twenty-

four hours, and afterwards covered with very loosely-fitting caps, 
which were removed at intervals during the following day. 

February 6.—The milks were beginning to alter in appearance 
and to separate into laye rs. This was the case even in No. V. 

April 19.—They were all much advanced in decomposition. 

Thus we see that decanting can be safely done in a spray 
of carbolic acid, the fluid still remaining as putrescible as ever; 
while, on the other hand, experience had taught me that in the' 
particular room to which I have referred, it was very difficult 
to decant successfully without the spray. 

The following experiment which I performed some time 
ago directly proves the efficacy of the spray :— 

Two flasks containing pure milk were opened in my room, and 
left open for ten minutes. In both bacteria developed. As soon as 
these flasks were removed two other flasks similarly charged were put 
m the same place in a fine cloud of carbolic spray. They were opened 
and left open for ten minutes. Both of these remained pure, though 
when inoculated at a later period organisms rapidly developed in them. 
When they were removed the spray was stopped, and two fresh flasks 
were placed in the same position, opened and left open for ten minutes. 
One of the latter remained pure; in the other organisms appeared. 
(As will be later seen, the presence of organisms is synonymous with 
the presence of fermentation, and their absence with the absence of 
such changes.) 



Another experiment proves to demonstration the efficacy of 
the spray in destroying the putrefactive agents in the air :— 

Four flasks provided with cotton caps were purified according to 
Mr. Lister's method. Into two of these, pure cucumber infusion was 
introduced in the manner already described. These two flasks were 
placed for four days in an incubator, kept at the temperature of 98° F. 
At the end of this time the fluid was unchanged in both. About 
half of the liquid in one of the flasks was then poured into one of the 
empty previously purified flasks, in a cloud of carbolic spray, and the 
caps reapplied. These were then placed in the incubator and they 
remained permanently unchanged, and without the development of 
organisms. The same process was gone through with the two flasks 
without the use of a spray. In both of these organisms developed 
and putrefactive changes occurred. 

In this experiment, when the fluid was poured from one 
vessel to the other it passed through the air, and air also 
entered into the first flask to take the place of the liquid. 
When this air had not been acted on by carbolic acid, organisms 
developed and fermentation took place, but where the air had 
previously passed through the spray it failed to cause any 
further change. (I do not of course mean to imply that the 
former will be a constant result, for in ordinary air there are but 
few organisms present, and probably many flasks would escape. 
This experiment refers to the air of the room in which it was 
performed, that air being loaded with causes of fermentation.) 

A very striking proof of the value of the carbolic acid 
spray which occurred to me lately may be mentioned. The 
flasks which I at that time used were purified by heating them 
to a temperature of about 600° F. in a box like that described 
by Mr. Lister. The flasks were in the first instance heated 
without any covering, the cotton caps were then applied under 
the spray, and the flask with its cap reintroduced into the box, 
where it was thoroughly dried in order to drive off any carbolic 
acid which might be adhering to it. As the temperature to 
which the apparatus was in the first instance raised chars cotton 
wool, I used asbestos to filter the air as passed into the 
interior of the box during cooling. For a while this answered 
quite well, but after a time portions of the asbestos became 
detached, and holes were thus formed through which air could 

enter without being filtered, and as a result on several occasions 
I found that all the flasks so prepared were impure. This 
was obviated simply by directing the spray against the door of 
the box as soon as the lamp which heats it was extinguished. 
The box was thus surrounded by spray; the air passing into 
it first passed through this spray, and, as a result, since I 
did this, I never failed in any instance in obtaining pure flasks.1 

From these researches we learn that the gases of the air, 
whether oxygen, nascent oxygen, ozone, nitrogen, carbonic acid, 
emanations from fermenting substances, &c., are powerless to 
cause fermentation in boiled fluids or tissues. Further, that 
it is sufficient, in order to prevent this occurrence, that the air 
be either previously heated, or filtered through cotton wool, or 
acted on by chemical substances, such as sulphuric acid or 
carbolic acid, or merely allowed to remain at rest so as to 
permit the dust to settle outside the substance tested. It is 
therefore evident that the causes of putrefaction in boiled 
substances are solid particles present in the atmosphere and on 
surrounding objects, which may be deprived of their fermentative 
properties in various ways. When we come to consider the 
further questions of spontaneous generation and the relation of 
organisms to fermentative changes, we shall find much additional 
evidence confirming this view. 

1 The exact merits of the carbolic spray as a means of purifying the atmo-
sphere will be discussed later. What I wish to point out here is, that in 
ordinary air, in circumstances where we know that particles capable of causing 
fermentation are present, carbolic acid is able to render these particles inert. 



CHAPTER II. 

THE PARTICULATE THEORY OF FERMENTATION (continued).— 

ON THE FERMENTATION OF UNBOILED SUBSTANCES. 

Grape juice—Gay-Lussac—Van der Broeek—Pasteur—Roberts• blood—Van 
der Broech—Pasteur—Burdon-Sandcrson—Lister—My own results ; un-
boiled urine Van der Broeek—Pasteur—Lister—My own results—Roberts 
— Cazeneuve and Livon ; milk—Hoppe-Seyler—Robert,s—Lister—My own 
experiments; egg albumen—Van der Broech—Gay on—Roberts—My own 
experiments; vegetable tissues—Roberts ; animal tissues—Billroth Tic/jcl 
—Bur don-Sanderson—My own experiments—Chieneand Ewart Meissner 
General review of the facls—Behaviour of similar fluids and tissues in the 
living body—Principles of aseptic surgery. 

WHILE it cannot be doubted that the causes of the fermenta-
tion of boiled fluids and tissues are particles which reach them 
from the air and from surrounding objects, is this equally the 
case with the unboiled ? Experiments with these substances 
are apt to yield very contradictory results, for it is a matter of 
extreme difficulty to prevent their contamination after their 
removal from the living body. How this has been managed 
and with what results we must now enquire. 

I.—Grape Juice. 

Gay-Lussac in the research mentioned before, attempted to 
ascertain whether unboiled grape juice remained unaltered when 
oxygen gas was excluded. He took a bell jar and introduced into 
it small grapes, still intact. The jar was now reversed over 
mercury, and was filled five times with hydrogen gas in order 
to wash out all the oxygen. The grapes were then crushed by 
means of an instrument introduced through the mercury, and 
the juice thus obtained was kept at a temperature of 15° to 20° 
C. Fifteen days later, no fermentation having taken place, a 

small quantity of oxygen was introduced, and immediately 
fermentation commenced. 

From these experiments he concludes that the oxygen 
introduced caused the fermentation. But here there are two 
main fallacies. In the first place, the skins of the grape were 
left mixed with the grape juice, no sufficient means being-
taken to destroy any solid particles adhering to them ; and then 
also the oxygen introduced might have carried in the necessary 
particles. There can indeed be no doubt, from Pasteur's sub-
sequent investigations, that the Torula cerevisise—the cause of 
the alcoholic fermentation—was present on the skins of the 
grapes; and Pasteur has further shown that oxygen is absolutely 
necessary for the development of the old cells of the Torula, 
though the young cells may go on developing without the 
presence of free oxygen. The explanation of Gay-Lussac's 
experiment is, therefore, that the old Torula cells present could 
not develop without oxygen, but that when a small quantity 
of oxygen was introduced, they developed, and fermentation 
occurred. 

The next attempt to preserve grape juice of which I can 
find any record was made by Van der Broeek, and narrated to 
the 'Provincial Gesellschaft fur Kunst und Wissenschaft,' 
Utrecht, January 1858. His method was the following 1 :— 

Small beakers were filled with mercury, and then heated in a sand 
bath till the boiling point of the mercury was almost reached. From 
time to time they were placed under the receiver of an air-pump, and 
at the same time shaken in order to detach any bubbles of gas adher-
ing to the side of the flask. This process of heating and exhausting 
was continued till all the air was removed from the bottom or sides 
of the glass. These glasses were then inverted in a basin containing 
previously heated mercury, and were firmly fixed in this position° 
Lipe and uninjured grapes were now passed into the .mercury and 
brought under the orifice of the flask, a portion of the skin of the 
grape was clipped out by a heated knife, and by gentle pressure some 
or the juice was made to ascend in the vessel, the rest of the grape 
being removed. When a sufficient quantity of juice had been thus 
introduced the vessels were placed in a room of which the tempera-
ure was 25° to 28° C., and grape juice thus obtained could be kept for 

months or years without undergoing any change. 

' See Annalen der Chemie mid Pharmacie, cxv. 18C0. 



In this experiment not only was all air excluded, but the 
dust adhering .to the walls of the vessel and in the mercury 
was subjected to strong heat, and its fermentative power 
destroyed. The juice of the grape, in ascending through 
the mercury, did not come in contact with unheated dust, nor 
did it touch the skin of the grape. 

Into some of the flasks containing pure grape juice obtained 
in this way, pure and fresh oxygen was introduced from a retort 
containing chlorate of potash and oxide of copper. (The 
nozzle of the flask was heated previously to its immersion in 
the mercury, and the oxygen was allowed to stream out for a 
time sufficient to wash out all the dust.) In none of these 
flasks was there a trace of fermentation. Into others, atmo-
spheric air, passed through a mass of cotton wool, was intro-
duced in the same manner, but without producing any effect. 

Into these vessels containing oxygen, yeast was introduced 
in minute quantity, and fermentation at once commenced. 
Into others containing only grape juice, young cells which had 
never been exposed to free oxygen were introduced by a 
method which is fully described in his research, and these also 
caused fermentation ; thus proving that oxygen is not necessary 
even for the commencement of the change, if only the yeast 
cells be young (three or four days old). 

By these experiments it was absolutely demonstrated—1 
That oxygen is not the cause of the fermentation of unboiled 
grape juice; and 2. That the juice itself contains no ferment. 

That grape juice contains no ferment was further shown 
by Pasteur,1 who introduced unboiled juice into his flasks with 
bent necks, containing pure boiled juice. No fermentation 
occurred, though, as he says, if a single Torula cell had been 
added, the whole mass would have fermented. 

Dr. Roberts2 likewise succeeded with grape juice. 
Test tubes were drawn out at their lower ends to capillary 

points and sealed in the flame; the upper ends were plugged with 
cotton wool; they were then passed and repassed through the flame of 
a spirit lamp until they were quite hot, as shown by the commencing 
charring of the cotton. (Fig. 12.) 

' Eleven sterilised tubes, six empty and five containing water, were 
1 Etudes sur la Bicre. 2 Phil. Transactions, 1874. 

charged with grape juice in the following manner :—A fresh grape 
was firmly seized with the finger and thumb, and a spot on its surface 
was pressed for a few seconds against the flame 
of a spirit lamp so as to destroy any adhering 
germs. The point of the sterilised tube, also 1 1 1 
heated in the flame and quickly snipped off by an i|| 
assistant, was then thrust into the grape at the H^ 
heated spot. Compression was now made on the 
grape until a sufficient quantity of the turbid 
juice was forced into the tube. The tube was ftB 
then withdrawn, and its point sealed in the f l j 
flame. The eleven tubes thus charged remained I B 
permanently unchanged, and when examined, at 1 1 
various periods from live to eight weeks, the taste W 
and reaction of their contents were undistin-
guishable from that of the fresh grape juice.' 

II.—Blood. I 

Blood is one of the substances which F i®ob^k( /^om 

have been frequently referred to as having ' " V -
an inherent tendency to decompose, but several experiments 
have now demonstrated that this is not the case. 

The first observer who succeeded in preserving blood was 
Van der Broeck. 

Van der Broeck proceeded as follows :-Having prepared his 
beakers filled with mercury as formerly described, he introduced one 
end ot a previously heated copper tube into the carotid artery of a do-
io the other end of this a caoutchouc tube was connected, while the 
nee end of the latter dipped into the mercury and the blood passed 
aJong it mto the purified beakers. (This caoutchouc tube had been 
Pmined by the passage of steam through it for some time, and by 
placing a ping 0f co f c ton w o o ] i n each end while it was cooling ) 
J-he vessels were then kept at a temperature of 25° to 30° C. for 
weeks without the contained blood undergoing any change. 

Into some of these flasks oxygen or filtered air was intro-
ucecl, but still there was no putrefaction. The minutest por-
wn ot putrescent or even non-putrescent but unheated substance 

at once set up fermentation. 
In 1863, Pasteur 1 stated that he had obtained blood from 

' Comptes Rendus, Ivi. 738. 
I) 



healthy .animals by means preventing contamination with un-
lieated atmospheric dust, and that this blood had remained free 
from change. In a later publication 1 he describes the method 
pursued. 

' For this I made use of a flask connected by means of a 
caoutchouc tube with a brass tube and stop-cock. The two parts 
of the tube are about twelve centimetres in length ; that which is 
free is filed down like the extremity of a canula. In order to cleanse 
this vessel from all living dust the free extremity of the brass tube 
was connected with a platinum tube strongly heated, a small 

quantity of water having been previously introduced into the flask. 
This water is then boiled, and the flask allowed to cool, the air whicli 
enters during cooling being previously heated. It is well to boil the 
water in the flask under pressure, to effect which the free extremity 
of the platinum tube is connected with a glass tube bent at right 
angles, which clips into a deep vessel filled with mercury. After 
boiling for some time under pressure, this tube is detached, and boiling 
is continued at the ordinary pressure ; then the flask is allowed to 
cool and to become filled with heated air. When the flask is cold the 
cock is shut and the platinum tube detached. Till it is required it is 
well to hold the orifice of the brass tube down, in order to prevent 
dust from falling into it. Before being used this portion is heated 
carefully in the flame of a spirit lamp. 

' A vein or artery of a dog is now opened, the end of the brass tube 
introduced, and secured in the blood-vessel by a ligature ; the cock is 
then turned on. Blood flows into the flask, and when enough has been 
obtained the cock is shut and the flask placed in a suitable tempera-
ture.' 

As a result this blood does not putrefy, and its odour re-
mains quite fresh. There is not even an active absorption of 

1 Etudes sur la Mère, 1876. 

oxygen, for after several weeks only 2 or 3 per cent, of that 
gas was found to have disappeared in a vessel sealed imme-
diately after the blood had been introduced. 

Dr. Bmdon-Sanderson 1 also found that blood taken from 
rabbits with suitable precautions, and put into purified flasks 
covered with cotton wool, remained free from chano-e 

Dr. Roberts,2 having purified his tubes in the way described 
and having thoroughly cleansed his finger, p i c tured it, and' 
sucked up about two drops into each tube. Of ten tubes pre-
pared m this way, six remained unaltered. This experiment 
i, of little value, partly on account of the imperfect method of 

s z s r ' a n d p a r t i j o n a c c o u n t ° f t h e ~ of 

t , ^ ™ ^ f r o m t h e j u g u k r v e i n ° f - - * 

A large glass tube was fixed in the large orifice of one of hi, 
double-necked flasks, the interval between the flask n d l 
emg tilled with tightly-packed cotton wool. Ovfr t l ^ n d t f 

Blood h t t I h f ; v e m S h p p e d 0 V e r t h e orifice of the tube 

« t e i l a ' t r i , a l S ° ^ ttat M t b l 0 0 d ' b u t and 
( T W a t e r T r ^ f C M e fa ltered. 
- h p u r i X I " ^ ^ a l a r g e P m e * * ' « ' - l -
g ^ s e X l 1 A P ° r t l 0 n ° f H 0 0 d # » « °f the liqueur 

g «Ken against the entrance of living dust.) 
S ° m e f * i m e n t s > Performed in a manner to be shortly 

' Q^-ly Journal of Microscopical Science, xi. 1871. 
3 Microscopical Journal, 1878. 
d 2 
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described, I have found that blood, removed from the healthy 
living body and placed in calcined flasks or in flasks containing 
infusion of cucumber, maybe preserved for an indefinite length 
of time without alteration. 

Hence blood has no inherent tendency to undergo fermen-
tative changes, nor can oxygen alone induce such alterations. 

III.— Urine. 

Healthy urine was first preserved without alteration by Van 
der Broeck. The flasks in which it was received were prepared 
in the manner before described. An animal (dog or sheep) 
was killed, the abdomen was immediately cut open, and the 
ureters and urethra having been rapidly tied, the bladder was 
removed and immersed in the mercury. A heated needle was 
then introduced, and the bladder was torn, the urme then 
ascending into the glass. This urine remained pure even after 
the addition of oxygen or filtered air. 

In the same paper in which Pasteur mentions that he has 
succeeded in preserving blood he states that he has also 
obtained pure urine. The method is described in his ' Etudes 
sur la Bière.' The flask with its nozzle and stop-cock are 
prepared as in the case of the blood ; then the free extremity of 
the brass tube is introduced into the urethra. Urine being 

* passed, the stop-cock is turned, and the urine flows into the 
flask. Urine thus obtained undergoes no fermentation. < Elle 
dépose des cristaux en petite quantité, mais sans se troubler 
ni se putréfier d'aucune façon.' 

In 1871 Mr. Lister succeeded in obtaining and preserving 
unboiled urine.1 The method he employs is to wash fhe 
meatus urinarius and the glans penis with 1-40 carbolic lotion. 
A prepared flask is then taken, the cotton cap is removed, the 
glans immediately applied over the orifice, and urine passed 
into the flask. A fresh cotton cap is then applied. This 
urine may, like other fluids, be decanted into liqueur glasses. 
This experiment was apparently constantly successful, no alter-
ation occurring in the urine in the flasks or in the glasses. 

URINE: ROBERTS, CAZENEUVE AND LIVON. 37 

I may here state that I have often repeated this experiment 
with the view of obtaining pure unboiled urine for other experi-
ments, and always with success. I have, however, used the spray, 
and have thus avoided the necessity of applying the glans penis 
to the orifice of the flask. The glans having been purified, 
urine is simply passed in a spray of carbolic acid into a pure 
flask. This urine passed through the air, but that air, having 
been acted on by carbolic acid, was inert. 

Dr. Roberts has also obtained similar results by passing urine 
into a pure test-tube, and afterwards charging tubes of the 
form previously described, by breaking off the capillary end 
below, and letting the urine flow up. Of eight tubes so 
obtained, the urine remained unaltered in seven, while in one 
it putrefied. 

Cazeneuve and Livon 1 succeeded in preserving urine in the 
urinary bladder without the occurrence of any alteration in it. 

A ligature was placed around the prepuce of a dog for five 
hours, in order to have a considerable amount of urine in the 
bladder. An incision being made into the abdominal cavity at 
the end of that time, the ureters and the urethra were ligatured, 
and the bladder was cut out. The bladder was then suspended 
in the air at a temperature of about 25° C. The wall of the 
bladder soon dries, and though liquid slowly transudes, that 
liquid evaporates immediately, and thus the bladder wall cannot 
putrefy. Urine may be kept thus for several days without 
undergoing any change, although if the bladder be opened it 
becomes ammoniacal in twenty-four hours. I shall return to 
these experiments at a later period. 

Thus healthy unboiled urine has no inherent tendency to 
putrefy, but follows the same law in this respect as boiled 
urine. 

IV.—Milk. 

In 1859 Hoppe-Seyler attempted to preserve milk pure in 
the following manner:—2 

A small funnel was carefully fastened over the teat of a goat. To 
the lower end cf this was fastened a piece of caoutchouc tubing, the 

1 Revue Mensitelle, 1877, p. 733. 
2 Virchow's Archiv. xvii. (1859). 
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described, I have found that blood, removed from the healthy 
living body and placed in calcined flasks or in flasks containing 
infusion of cucumber, maybe preserved for an indefinite length 
of time without alteration. 

Hence blood has no inherent tendency to undergo fermen-
tative changes, nor can oxygen alone induce such alterations. 

III.— Urine. 

Healthy urine was first preserved without alteration by Van 
der Broeck. The flasks in which it was received were prepared 
in the manner before described. An animal (dog or sheep) 
was killed, the abdomen was immediately cut open, and the 
ureters and urethra having been rapidly tied, the bladder was 
removed and immersed in the mercury. A heated needle was 
then introduced, and the bladder was torn, the urme then 
ascending into the glass. This urine remained pure even after 
the addition of oxygen or filtered air. 

In the same paper in which Pasteur mentions that he has 
succeeded in preserving blood he states that he has also 
obtained pure urine. The method is described in his ' Etudes 
sur la Bière.' The flask with its nozzle and stop-cock are 
prepared as in the case of the blood ; then the free extremity of 
the brass tube is introduced into the urethra. Urine being 

* passed, the stop-cock is turned, and the urine flows into the 
flask. Urine thus obtained undergoes no fermentation. < Elle 
dépose des cristaux en petite, quantité, mais sans se troubler 
ni se putréfier d'aucune façon.' 

In 1871 Mr. Lister succeeded in obtaining and preserving 
unboiled urine.1 The method he employs is to wash fhe 
meatus urinarius and the glans penis with 1-40 carbolic lotion. 
A prepared flask is then taken, the cotton cap is removed, the 
glans immediately applied over the orifice, and urine passed 
into the flask. A fresh cotton cap is then applied. This 
urine may, like other fluids, be decanted into liqueur glasses. 
This experiment was apparently constantly successful, no alter-
ation occurring in the urine in the flasks or in the glasses. 

URINE: ROBERTS, CAZENEUVE AND LIVON. 37 

I may here state that I have often repeated this experiment 
with the view of obtaining pure unboiled urine for other experi-
ments, and always with success. I have, however, used the spray, 
and have thus avoided the necessity of applying the glans penis 
to the orifice of the flask. The glans having been purified, 
urine is simply passed in a spray of carbolic acid into a pure 
flask. This urine passed through the air, but that air, having 
been acted on by carbolic acid, was inert. 

Dr. Roberts has also obtained similar results by passing urine 
into a pure test-tube, and afterwards charging tubes of the 
form previously described, by breaking off the capillary end 
below, and letting the urine flow up. Of eight tubes so 
obtained, the urine remained unaltered in seven, while in one 
it putrefied. 

Cazeneuve and Livon 1 succeeded in preserving urine in the 
urinary bladder without the occurrence of any alteration in it. 

A ligature was placed around the prepuce of a dog for five 
hours, in order to have a considerable amount of urine in the 
bladder. An incision being made into the abdominal cavity at 
the end of that time, the ureters and the urethra were ligatured, 
and the bladder was cut out. The bladder was then suspended 
in the air at a temperature of about 25° C. The wall of the 
bladder soon dries, and though liquid slowly transudes, that 
liquid evaporates immediately, and thus the bladder wall cannot 
putrefy. Urine may be kept thus for several days without 
undergoing any change, although if the bladder be opened it 
becomes ammoniacal in twenty-four hours. I shall return to 
these experiments at a later period. 

Thus healthy unboiled urine has no inherent tendency to 
putrefy, but follows the same law in this respect as boiled 
urine. 

IV.—Milk. 

In 1859 Hoppe-Seyler attempted to preserve milk pure in 
the following manner:—2 

A small funnel was carefully fastened over the teat of a goat. To 
the lower end cf this was fastened a piece of caoutchouc tubing, the 

1 Revue Mensuelle, 1877, p. 733. 
2 Virchow's Archiv. xvii. (1859). 



other end of which was attached to a glass tube below. This glass tube 
passed down to the bottom of a glass test tube, the upper rim of 
which was provided with a piece of caoutchouc tubing open above. 
None of the tubes were heated nor in any way purified. The milk 
was now withdrawn in a continuous stream, so as to flow for a long 
time over the edge of the caoutchouc tube till it was quite free from 
bubbles of air. The test tube was then lowered, and then, while the 
milk was still flowing, the caoutchouc tube was firmly tied around a 
thick glass rod. 

Milk obtained in this manner, and kept at the ordinary 
temperature, coagulated in three days. Hoppe-Seyler therefore 
concluded that milk when shed contains a ferment. 

This experiment proves that oxygen is not necessary for the 
occurrence of fermentation in milk ; in other words, it is not the 
cause of such changes, and therefore, as the tubes were not 
purified, the cause must either be in the milk itself or be some-
thing adhering to the tubes. As I have just stated, Hoppe-
Seyler concluded that the cause was inherent in the milk. 

Which of these is the true agent is decided by the following 
experiments performed by Dr. Roberts:—1 

'A glass tube was drawn out at each end to a narrow orifice. The 
lesser portion of this was tightly wrapped round with cotton wool and 
inserted as a plug into a large test tube containing water to the depth 

s of one inch. A cap of cotton wool was also tied over the narrow 
orifice. The water in the test tube was then briskly boiled, and the 
boiling was continued almost to dryness. When the apparatus was 
cold I took it into the cowhouse, and seizing a teat, I pulled off 
quickly the cotton-wool cap and pushed the narrow point into the 
duct of the teat. Holding it firmly in this position I milked into the 
test tube until sufficient milk had been obtained. I then drew away 
the test tube from the little tube, pressing in the cotton wool around 
it as I did so, until the latter was entirely withdrawn from the test 
tube. 

' From the test tube I charged ten empty pure tubes' (in the maimer 
described under urine), ' and resealed their capillary orifices : of these 
ten tubes three remained unchanged, the milk remaining perfectly 
normal as regards taste, reaction, &c. The other tubes curdled or 
putrefied in ten days.' 

1 Loc. eit. 

The method described here is imperfect, but the fact that 
three tubes remained unaltered absolutely demonstrates that 
the cause of the fermentation is nothing inherent in the milk 
itself, but something which it acquires after it leaves the body— 
that something being particulate, not gaseous. 

Mr. Lister 1 describes several series of experiments performed 
with the same aim. In one of these he succeeded in preserving 
the milk unaltered. 

A number of little tubes were covered with glass caps and shades, 
and purified in the usual manner. After a rainy day he washed the 
udder of a cow and the hands of the milkman with water. A 
wide glass tube connected with an elastic tube was then placed under 
the nipple (the glass tube had been heated and the elastic tube 
boiled). This was filled with milk, and then each little tube in suc-
cession had a small quantity introduced by relaxing the elastic tube. 

Of twenty-four tubes so prepared and charged two remained 
permanently pure. The results in the other tubes equally demon-
strated that the cause of the fermentation of milk is not inherent 
in the milk, for the milk in each underwent a different change. 
These experiments will be more fully considered at a later 
period. 

While in the Shetland Islands in the summer of 1880 I 
performed a series of experiments, which consisted in obtaining 
the milk under the protection of a spray of carbolic acid. A 
number of flasks with cotton caps and long necks were heated 
before leaving London. The udder of the cow and the hands 
of the milkmaid being washed with carbolic lotion (1-20), the 
flasks were uncorked and filled with milk under the spray. 
In doing so the mouth of the flask was held as close as possible 
to the teat. The cow was restive and would not allow me to do 
the milking, and therefore the experiment was performed by 
the milkmaid. When the restiveness of the cow, the inex-
perience of the milkmaid at antiseptic work, and the dark and 
draughty cowhouse are taken into account, it will not be sur-
prising that the milk in a considerable number of the flasks 
fermented; but nevertheless evidence was got, of the same 
kmd as that obtained by Dr. Roberts and Mr. Lister, sufficient 

1 Microscopical Journal, 1878. 



F I R S T E X P E R I M E N T . 

August 5, 1880.—The udder and teats of the cow and the hands 
of the milkmaid having been washed with 1-20 carbolic lotion, and a 
small spray being directed as well as possible over the part, eight 
purified long-necked flasks were filled with milk, the milk being 
drawn directly into each flask, which were held as near the teats as 
possible. Eash flask was re-covered with its cotton cap, and they 
•were then placed in the upright position in a warm room. 

August 8.—The milk in these flasks seems unaltered. There is a 
little cream on the top in each. 

August 10.—Ditto. 
August 24.—Four of the flasks have undergone change, the change 

varying in nature in each flask. The other four are perfectly fluid 
and present the appearance of pure milk. 

To-day the corks were inserted. 
September 21 (twenty-three days after the transport to London).— 

Only two flasks now remain pure, the other six having undergone 
alterations of various kinds. 

October 27.—Examined. The milk in two flasks is perfectly 
normal 

The result of the first experiment was, that after nineteen 
clays four of the milks had undergone alterations of various kinds, 
while four remained apparently pure. On October 27—i.e. 
after two months and twenty-two days—two milks were still 
perfectly right, in spite of a sea voyage and great disturbance. 

to disprove the existence of a ferment in the milk when with-
drawn from the body. 

In order to transfer these flasks to London I had intend 3d 
to draw out and seal their necks, but I found this impossible, 
and therefore I soaked pieces of cork in carbolic lotion, inserted 
them into the mouth of the flask, and covered them with tar 
—a very inefficient method. During the voyage the milk was 
much shaken, and some of the corks proved inefficient, as shown 
by the leakage of the milk. 

The following are the experiments, with their results :— 

MILK; MY OWN EXPERIMENTS. 
/ 

SECOND E X P E R I M E N T . 

(ct) August 10.—Two flasks were filled after washing the udder of 
the cow and the milkmaid's hands with carbolic acid (1-20). No 
spray used. 

August 24.—The milk in one of these flasks has undergone altera-
tions ; the milk in the other is perfectly pure. 

September 21.—Both milks have coagulated and are undergoing 
changes. 

(b) August 10.—After the spray employed in experiment (c) had 
been stopped, two flasks were filled without it. 

August 24.—I am doubtful whether these are pure or not; I think 
they are not. 

September 21.—Changes have occurred in both. 
(c) August 10.—Seven flasks were filled under the spray as usual. 
August 24.—Three of these milks have altered; four are still apparently pure. 
September 21.—Three still remain apparently pure : four have 

undergone change. 
October 27.—Examined. Three still pure. 
On December 24 I opened one of these flasks, and found a slightly 

suety smell but a perfectly sweet taste, and the milk presented the 
appearance of normal milk. I examined it microscopically—no 
organisms. I have stained some specimens of this milk (Plate Y. 
Fig. 33), and it will be seen that no organisms whatever are present, 
and this in unboiled milk kept for more than five months. 

The result here is that three out of seven of the flasks filled 
under the spray have remained permanently pure, while all of 
those filled without the spray have ultimately undergone 
fermentative changes. 

T H I R D E X P E R I M E N T . 

(a) August 16.—One flask filled without spray and without previous 
application of carbolic acid to the hands or teats. 

August 24.—This milk has coagulated. 
(b) August 16.—One flask filled without the spray and without 

washing the teats with carbolic acid. The hands of the milkmaid, 
were, however, purified. 

August 24.—This milk has undergone fermentation, having 
separated into two layers—the upper, clear, the lower thick but not 
coagulated. 



(c) August 16.—Two flasks were filled without the spray, but after 
washing both the teats and the hands with carbolic lotion. 

August 24.—One of these is doubtful, the other apparently un-
altered. 

September 21.—Fermentative changes are occurring in both. 
(d) August 16.—Six flasks filled under the spray as usual. 
August 24.—All these are apparently unchanged. 
September 21.—Four have undergone some fermentative changes. 

One is doubtful. One is still pure. Three of the corks have not 
fitted perfectly. 

October 27.—Examined. One still pure. 

The whole result is, that of twenty-one flasks filled under 
the spray, six remained permanently unaltered, and that after 
having been exposed in a manner which sufficiently explained 
the occurrence of fermentation in some of the others. 

Up till August 24th no less than fourteen of these milks had 
remained apparently unchanged, while similar specimens taken 
without any precautions had undergone alteration. 

I have still in my possession (June 1881) four of these 
six flasks, and the milk in these still remains perfectly pure 
and free from fermentative changes. 

From all the facts narrated I think it is absolutely certain 
that milk has no inherent tendency to undergo fermentation 
of any kind, and that the cause of the fermentation is not 
the gases of the air, but solid particles which the milk meets 

* with after it is drawn from the cow. 

V.—Egg A Ibumen. 

The difficulty experienced by Schroeder in preserving boiled 
white and yolk of eggs will be remembered. 

Van der Broeck introduced an egg into the mercury ar-
ranged as formerly described, broke the shell with a heated 
iron rod, stirred up the contents with a similar rod, and then 
allowed them to ascend into the glass. This egg albumen 
remained pure, even after subsequent addition of oxygen or 
of filtered air. 

Gayon 1 found that some eggs may be preserved unaltered, 
while others undergo change. l ie supposes that in the latter 

1 Comptes Rendus, Ixxvi. lxxvii. 

case the causes of putrefaction entered as the egg passed through 
the oviduct. Such an idea is, however, hardly tenable. 

Roberts has shown by experiments similar to those pre-
viously described that egg albumen has no inherent tendency 
to undergo fermentation. 

He proceeded in the following manner :—Eight sterilised tubes 
were prepared containing pure water. ' A fresh egg was fixed in a 
convenient support, and a small piece of the shell was chipped off, 
care being taken to leave the subjacent membrane uninjured ; then a 
sterilised bulb was taken, and the capillary portion immersed for a 
few seconds in boiling water, in order to destroy any adherent septic 
particles. The sealed end was then rapidly snipped off and the 
capillary portion plunged into the interior of the egg. About 2 gm. of 
the albumen were then sucked up by the mouth into the bulb. When 
this was accomplished the bulb was quickly withdrawn and its capil-
lary end sealed in the flame.' 

Six of these eight tubes remained unaltered for seven months. 
Of a second series of seven tubes similarly charged and kept for 

two months, five remained unaltered. That is, of fifteen tubes filled, 
eleven remained pure. 

I may refer to an experiment which I did for another 
purpose, accepting as true the view that egg albumen had no 
inherent tendency to undergo fermentation, and which proves 
the truth of that view. 

On July 7th, 1880,1 took four purified beakers and four fresh eggs. 
These eggs were washed with carbolic lotion (1-20), and were then 
broken, one into each beaker, under the spray. 

One of these beakers was covered with its cotton cap, and placed in 
an incubator kept at the temperature of 98° F. 

On July 20th no change whatever had occurred. The other flasks 
were used at once for various experiments. Into one a special form 
of organism was introduced, and here only this one form of organism 
developed, with the production only of a special kind of fennentation. 

Hence egg albumen has no inherent tendency to undergo 
fermentative changes. 



VI.— Vegetable Tissues. 

Dr. Roberts has also experimented on the solid tissues of 
the turnip, potato, orange, and tomato, with similar success. 

The following is his method for turnip :— 
< A sterilised tube containing water was nicked with a file near the 

base of the capillary part, where the tube had a diameter of about two 
millimetres. A fresh oblong turnip was then fractured across, and 
the tube, snipped off at the nicked point, was quickly thrust into the 
substance of the turnip. A narrow cylinder of turnip about an inch 
Ion» was thus forced into the column of water in the tube. The tube 
was then detached, and its end sealed with melted sealing-wax. Of 

14 tubes thus charged with turnip 10 were successful; 
7 „ potatoes 4 „ 
8 „ „ orange 8 
3 „ „ tomato 3 

Ferments which induce changes after death are therefore 
not present in living vegetable tissues. 

VII.—Animal Tissues. 

Some years ago experiments were made by Billroth 1 and 
Tiegel2 with the view of ascertaining whether the living tissues 
did or did not contain the causes of putrefaction. Having 
killed an animal, they opened its body rapidly, and removed with 
heated implements various portions of tissue such as liver, 
spleen, kidney, &c., and immediately dropped this into heated 
paraffin. They supposed that by this means any dust which 
fell on the tissue in its transit from the body to the flask would 
be destroyed by the hot paraffin, while this heat would not 
penetrate into and act on the interior of the tissue. At the 
same time the organs would be protected from air or dust by the 
paraffin. . 

They found that many portions of the body preserved m 
this way, notably the liver and spleen, underwent putrefaction 
rapidly, and they therefore concluded that the causes of this 
putrefaction were present in the living blood and tissues. 

1 Coccolacteria septica. 2 Vircbow's Archiv, lx. 

These experiments were repeated by Dr. Burdon-Sanderson, 
who obtained similar results and adopted the same views. 

If, however, we look at the method, we shall find several 
objections to it. Thus, heated paraffin must be looked on as 
dry heat; it does not moisten solid particles in contact with it. 
Now it has been shown that dust, if kept dry, may be heated 
even to 300° F. without losing its power of causing fermenta-
tion. Further, paraffin solidifies at about. 136° F., or even 
lower, and therefore paraffin, merely at its melting point, is not 
likely to be hot enough to destroy all septic particles. Further, 
during the cooling of the paraffin heavy particles of dust may 
fall into it and sink on to the tissue. Then, also, on the sides 
and bottom of the vessel is coarser dust, which likewise may not 
be destroyed. 

But, again, paraffin is very apt to crack, and after cooling 
small cracks may occur which admit moisture and dust. To 
obviate this risk the paraffin has been covered with oil ; but even 
here the oil becomes laden with dust and passes down through 
the cracks. 

And, lastly, the knife, before dividing the tissue, compresses 
the vessels and forces the blood out of them, and thus, when 
these vessels are cut, air is sucked in, and this air carries its 
dust with it quite out of reach of the heat of the paraffin. 

In December 1877 I commenced a series of experiments on 
this subject, and these have been continued at intervals since 
that time. 

The first experiment was an imitation of those of Billroth 
and Tiegel (only it was performed antiseptically), and yielded 
conflicting results. Thus the liver and kidney putrefied, while 
the spleen, muscle, and mesentery remained unaltered. 

This being the case, I determined to abandon this method 
entirely, and to see if some definite conclusion might not be 
arrived at in some other way. The following is a description of 
the method I have employed: — 

A number of beakers, each provided with a cotton cap, were puri-
fied by heat, somewhat after Mr. Lister's method, and into each vessel 
about one-fourth of its volume of pure turnip infusion was introduced 
from one of the double-necked flasks (Fig 6, p. 19). This was done under 
the spray, and the cotton caps were then reapplied. These beakers 
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were placed in an incubator, and kept at a temperature of 98° F. for 
three or four days. At the end of that time the turnip infusion was 
clear and unaltered, and the flasks were therefore considered ready for 
use. , 

On January 6th, 1878, four beakers having been thus prepared, and 
six beakers containing melted paraffin being also at hand, a healthy 
rabbit was used for the following experiment. 

The skin and hair of its abdomen having been thoroughly washed 
with 1-20 carbolic lotion, the animal was killed by a blow on the back 
of its neck, and the abdominal cavity was rapidly opened, under a fine 
spray of carbolic acid, with purified and heated instruments. Portions 

of its organs and tissues were 
rapidly cut out and intro-
duced into the beakers, 
which were opened in the 
spray. 

Into the four vessels 
containing the pure turnip 
infusion portions of liver, 
spleen, kidney, and muscle 
respectively were intro-
duced, and the caps having 
been reapplied while the 
flasks were still in the spray, 
they were then placed in an 
incubator (see Fig. 14). 

Into the six flasks con-
taining melted paraffin por-
tions of liver, kidney, 

spleen, muscle, mesentery, and vena cava, with its blood, were dropped 
also under the spray. The paraffin was left to solidify, and the 
vessels were then placed in the incubator. 

All those portions of organs introduced into the turnip infusion 
remained permanently pure and free from putrefaction.1 

Of the paraffin beakers, two (muscle and vena cava) remained 
without change; while the other four (liver, spleen, kidney, and 
mesentery) putrefied. 

FIG. 14. 

In this experiment we have in the first case a series of 
' On December 24, 1880, I killed a rabbit and preserved its organs in the 

way described here. Fig. 34, Plate V., is drawn from a specimen taken from 
the beaker containing the spleen, and stained. It will be seen that no organ-
isms whatever are present. 

beakers heated so as to destroy the activity of the dust adhering 
to them, and that this was effectually done was proved by the 
fact that the turnip infusion introduced into them underwent 
no change, although, as has been amply shown in the fore-
going experiments, had ordinary unheated dust been present, 
this infusion would have undergone fermentation. 

Further, the portions of the tissue are transferred from the 
body to the beaker without the possibility of acquiring living 
dust, for, as we have seen before, a spray of carbolic acid in an 
ordinary atmosphere is able to destroy the fermenting power of 
the dust. Such being the case, if the tissue, taken with all pre-
cautions undergo putrefaction, it is possible that the causes of this 
fermentation were present in it while in the living body—the 
degree of probability depending of course in great measure on 
the known skill of the experimenter. But if no change occurs, 
it is proof positive that there were no causes of change present 
in the body. In other words, as these unboiled tissues remained 
unaltered, it is quite certain that they have no inherent tendency 
to undergo fermentation even when freely exposed to air. 

I used the turnip infusion partly because 1 wished to know 
whether the beakers had been thoroughly purified, and partly 
in order to keep the tissues moist, for I had found in a former 
experiment that they dried too rapidly in the open-mouthed 
vessel if no fluid were present. Since that time I have used 
cucumber fluid, as being more putrescible. 

Further, by the use of these infusions the conditions favour-
ing fermentation are greater, for we have here a boiled highly 
putrescible infusion of turnip, and an unboiled, if possible still 
more putrescible, infusion of meat, as well as the meat itself. It 
were hardly possible to provide more favourable conditions for 
fermentation. Nevertheless no change occurred. 

I may here point out the light thrown by these experiments 
on the cause of the want of success in the paraffin experiments. 
Iu the first attempt which I made with the paraffin any of the 
supposed causes of failure might have been in operation, but in 
the experiment just narrated the entrance of air laden with 
septic dust into the blood-vessels is excluded because the opera-
tion was done in a spray of carbolic acid. Therefore the failure in 



the four vessels must have been due to dust in the paraffin, or 
to cracking of this after solidification. 

But, it may be said, the absence of putrefaction ii the 
beakers was due to the action of the carbolic acid on the 
tissue. This, however, is not the case, for the following 
reasons:— 

In a preliminary experiment I touched the outside of the 
flask (which was of course covered with impure dust) with one 
of the portions of the tissue, and afterwards introduced this 
piece into the flask, and in it putrefaction occurred rapidly. 
Again, the fact that four paraffin flasks went wrong (the organs 
being there also subjected to the action of the spray) shows 
that this had no influence. Again, when the gall-bladder is 
wounded fermentation often occurs. This latter fact is illus-
trated by the following experiment:— 

A medium-sized rabbit was killed by a blow on the nape of the 
neck. The abdomen had been washed beforehand with 1-20 carbolic 
acid lotion, and was now rapidly opened under the spray. Into seven 
beakers containing pure cucumber infusion, two pieces of liver, one 
piece of kidney, one piece of spleen, one of muscle, and one of 
mesentery were introduced. In cutting out the liver the gall-bladder 
was injured. 

Four weeks later, five beakers were unaltered, the two which had 
fermented being those containing the pieces of liver, which indeed had 
undergone fermentation within twenty-four hours. 

I have since met with several similar instances. 
F u r t h e r , if putrid matter be injected into the jugular vein 

of the animal a few minutes before death, all the tissues re-
moved and preserved in the manner described undergo putre-
faction. 

I have repeated these experiments many times with like 
results,1 and I therefore conclude that the tissues of the healthy 

1 On two occasions I have found that the apparently healthy living tissues, 
preserved by the method before described, underwent fermentation and 
organisms.developed in them. In one case the kidney alone of all the orgaDs 
taken and in another both kidney and liver, underwent fermentation with 
development of organisms, and as I was very careful in performing the expe-
riments, I do not think that this could have occurred from any error in experi-
mentation, and therefore I conclude that the causes of fermentation (micro-
organisms, as we shall afterwards see) were present in the healthy circulating | 

living body, like the fluids, contain no ferment capable of causing 
putrefaction after death, and remain pure in flasks so long as the 
dust of the atmosphere is excluded. (In some instances the heart 
with its contained blood was also removed, and remained, like 
the other tissues, unaltered. Babbits and cats were the animals 
used for the experiments.) 

Somewhat similar experiments were published in 1878 by 
Chiene and Ewart, and they yielded similar results.1 

Quite recently,2 Bosenbach mentioned experiments on this 
subject performed by Meissner. Meissner was able to preserve 
the internal organs of cats and rabbits in contact with boiled 
water and pure air, for two to three years, without the occur-
rence of any putrefactive change. He was also successful in 
preserving the blood of mammalia, human urine, and goat's 
milk. The experiments were done with strict aseptic precau-
tions, and led him to conclusions similar to the above. 

Such, then, are the chief facts at present known with regard 
to boiled and unboiled fluids and tissues. We shall add much 
to them, and to the support which they give to the views here 
expressed, when we come to consider more minutely what is 
the nature of the particles which cause putrefaction. 

• On reviewing the mass of evidence before us we have it dis-
tinctly shown that boiled fluids and tissues have no inherent 
tendency to undergo fermentative changes; that oxygen, whether 
pure, nascent, or mixed with nitrogen in the proportions present 
in air, cannot cause fermentation, if only the air be previously 
passed through such a liquid as sulphuric acid, be heated 
Strongly, be filtered through cotton wool, be made to enter 
very slowly into the flask containing the fluid or allowed to 
deposit its dust by gravitation, or be previously acted on by 
carbolic acid. 

blood. That an organism may be present in an active state in the circulating 
blood need not be a matter of surprise, and need not therefore lead us to the 
conclusion that they are always or even generally there, especially as one 
single organism would be sufficient to account for the result in each of these 
instances. It is indeed surprising that organisms which must now and then 
enter the blood are so rapidly and surely destroyed. 

1 Journal of Anatomy and Physiology. 
Deutsche Zeitsclmft fiir Chirurgie, xiii. 344. 

E 



Thus the material iu the air which causes putrefaction is 
not a gas, for that would be continuous, and would not be re-
movable by filtration or by rest; but it is something discon-
tinuous, something heavier than air, something particulate. 
These particles may be deprived of their power of causing 
fermentation by the action of chemical substances, such as 
sulphuric and carbolic acids, and also by being subjected to a 
high temperature. As they are completely destroyed by heat 
(as shown by Tyndall), they are probably of an organic 
nature. 

And it is not that by boiling these fluids an inherent 
tendency to ferment has been destroyed, for, as we have seen, 
they possess no such inherent tendency. For not only do 
unboiled fluids and tissues outside the body fail to putrefy 
when protected carefully from dust—they also undergo no 
change, as indeed necessarily follows from the foregoing, when 
confined in natural or artificial cavities in the living body. 
Who is not acquainted with the behaviour of blood when ex-
travasated into the tissues or cavities of the living body so long 
as it is not exposed to the outer world ? We all know what 
a large amount of effused blood may be present about the 
ends of a fractured bone without decomposition occurring in it, 
and the same is the case in the hemorrhages into joints in 
hemophilia, hemorrhages within the skull, &c. And we also 
know what frequently happens if we cut into any of these 

• extravasations and admit dust-laden air into them. The blood 
which we found odourless, and it may be clotted, may become 
in a few hours a foul- smelling liquid; it has, in fact, putrefied, 
just as it may do when kept in a flask without exclusion of dust. 

And just as in the case of blood, so with other fluids. Hy-
drocele and serous effusions remain unaltered so long as they 
are kept from the dust. Examine the pus from a chronic 
abscess, and even though that abscess be connected with carious 
bone, it will be found to be odourless and bland, and if carefully 
received into pure flasks, will, just as in the case of blood, 
remain odourless and apparently unchanged for an indefinite 
length of time. (I shall give later on the explanation of the 
cases where the pus of acute abscesses, when let out, is found to 
have a foul smell, as is sometimes the case in acute necrosis.) 

And not only is this the case with fluids, it is also the case 
with tissues in the living body. In a fracture many portions 
of the tissue are cut off from their vascidar supply, or killed by 
the violence causing the injury, and yet they do not decompose ; 
they are not separated as sloughs—they disappear by absorption. 
Yet if the same injury be not subcutaneous and the injured 
parts be exposed to ordinary air, they putrefy, and come away in 
a few days as sloughs. 

So iti infarcts in internal organs, the tissue in the region of 
the infarct dies, but does not putrefy—does not slough; while 
when death of the integuments occurs, putrefaction and slough-
ing follow, for here the dead tissue is exposed to the dust of 
the atmosphere. 

Similarly, in the case of wounds, when a piece of skin is cut 
away and an open sore is left, the blood and serum which col-
lect in that sore ferment, in all probability putrefy, because the 
air admitted to them was not heated air, not filtered air, was 
air which had not been acted on by suitable chemical sub-
stances. 

The causes of fermentation are therefore solid particles, pro-
bably of an organic nature, which are present in varying quan-
tities in the surrounding air, and which are deposited as dust 
on all surrounding objects. 

It is thus evident that in order to prevent putrefaction it is 
only necessary to prevent the access of these particles, or, if 
this cannot be done, to destroy their fermenting power in some 
way or other before they reach the wounds—as, for instance, by 
the use of carbolic acid. 

It is on this principle that Aseptic Surgery,' as introduced 
by Mr. Lister, is based. 

' The term ' aseptic' is the best to indicate this form of antiseptic surgery, 
because, as we shall see, there are many different forms of treatment which 
come under the term ' antiseptic,' while this is the only one which can truly 
bear the name ' aseptic.' In other words, there are many methods by which 
the occurrence of putrefaction is more or less interfered with, but they all act 
on a more or less imperfect principle, with the exception of that introduced 
by Mr. Lister, which, founded on a true principle, attains the ideal of results 
—viz. a complete absence of putrefaction—an asepsis. His methcd, then, is 
best designated by the term expressing its result—Aseptic. 
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CHAPTER III. 

ASEPTIC SURGERY—MATERIALS EMPLOYED. 

Problems to be solved in order to keep a wound aseptic : Carbolic acid— 
Carbolic lotions Pure carbolic acid—Solution in methylated spirit—carbolic 
oil—Carbolic acid and glycerine: Spray producers: Catgut —Carbolised 
catgut—Mr. Lister's carbolised chromic catgut- Br. Mac En-en's chromic 
catgut— Catgut trough andpochet case: Carbolised silk: Protective: Carbolic 
gauze—Composition—Method of preparation—Von Brims' gauze : Mac-
intosh : Sponges : Boracic acid—Boracic lotion—Boracic lint—Boracic 
ointment: Salicylic acid—Salicylic acid cream—Salicylic ointment: Chlo-
ride of zinc: Iodoform : Carbolised cotton wool. 

ASEPTIC surgery is based 011 the principle first enunciated by 
Mr. lister, and indicated in the preceding pages; viz. the 
exclusion of active ferments from the discharges of wounds. 

Theoretically, this is the ideal form of antiseptic surgery, for 
here, supposing that the attempt is successful, the causes of 
putrefaction do not enter the wound in a state capable of pro-
ducing fermentation, and therefore decomposition of the dis-
charges, or of dead portions of tissue, &c., cannot possibly 
occur. 

The problem which Mr. Lister sought to solve may be 
shortly stated as follows :— 

On all objects in the external world septic dust is present— 
on the skin of the patient, on the hands of the surgeon and 
his assistants, on all instruments, in water, in the air, &c.; 
and when a wound is made any introduction of this dust-
must be carefully avoided. Then after the wound has been 
made, care must be taken to prevent its entrance during the 
after-treatment. Some sort of dressing must be provided 
which shall prevent its passage in an active state, and at 
each change of this dressing the problem is the same as at 
the time of infliction of the wound. Such being the question 

at issue, I must now proceed to the modes in which it has been 
answered. 

I shall first enumerate the substances employed in aseptic 
surgery. 

CARBOLIC Acifr is the antiseptic employed to destroy the 
particles in the air and on surrounding objects which give rise 
to putrefaction. It is obtained in the solid state and of ex-
treme purity from Bowdler and Bickerdike, Church, Lancashire, 
who give it the name of Absolute Phenol. It is used in various 
forms. 

The Carbolic Lotions used are of two strengths—1 in 20 
and 1 in 40; one part of crystallised carbolic acid dissolved in 
20 or 40 parts of water respectively. The solution is kept in 
a stoppered bottle in order to avoid evaporation of the acid. It 
ought to be quite clear ; when it is not so, and more especially 
when globules of oily matter are present 9 it is impure^ the 
oily particles consisting of cresylic acid. It is a mistake to add 
alcohol or glycerine to aid the solubility of the acid, because 
these substances hold the acid more tenaciously than water, and 
it is thus not so potent for producing an instantaneous effect. 

Undiluted Liquid Carbolic Acid may in some cases be 
required. This is obtained by liquefying the crystals by the 
addition of a few drops of water. This is chiefly used for 
injecting neevi, varicose veins, &c. 

A solution of carbolic acid in methylated spirit or in recti-
fied spirit, in the proportion of 1-5, is used for the purpose of 
purifying wounds inflicted some twenty-four or thirty-six hours 
before coming under treatment. 

Carbolic Oil is employed in various proportions, generally 
1 in 5, 1 in 10, and 1 in 20, consisting of carbolic acid mixed 
with olive oil in the foregoing proportions. 

Carbolic oil 1-5 is but rarely used, though it is occasionally 
applied as a dressing to foul wounds, for the purpose of purify-
ing them. It is chiefly known as the solution in which catgut 
is permanently preserved. 

Carbolic oil 1-10 is used as a dressing for wounds in the 
neighbourhood of the anus, penis, &c. 

Carbolic oil 1-20 is used for oiling catheters or other in-



struments before introducing them into the bladder. Carbolic 
acid of this strength does not seem to be too irritating for the 

FIG. 15.—I-IAND SPRAY PRODUCER. 

mucous membrane of the urethra, while it apparently secures 
against the introduction into the bladder of matters which are 
capable of causing putrefaction. 

There are various objections 
to these oily dressings. The chief 
are, that the carbolic acid is very 
rapidly washed out by the dis-
charge, and that they are very 
dirty, and soon spoil india-rubber 
tissues. 

The latter disadvantage is got 
rid of by the use of carbolic acid 

v,n 1 r glycerine in the proportions 
FIG. 1 0 . — T H E ORDINARY STEAM N ( -, - , , , . M L . . 

SPRAY PRODUCER. 01 an<l I-1U. 1 his is now 
employed as a dressing in the cir-

cumstances in which the oil has been generally used. 
A spray of carbolic acid is generally employed in order to 

purify the atmosphere. This is obtained by driving a rapid 

current of air or steam through a. horizontal tube so as to pass 
over the orifice of a more or less vertical one. In this way a 
vacuum is produced in the vertical tube, and the fluid at its 
lower end rises, and is expelled from the orifice in the form of 
spray. We have two forms of spray: one in which air is 

FIG. 1 7 . - STEAM SPRAY PRODUCER, SHOWING THE LAMP AT PRESENT 
IN USE. 

It consists of a small flame, which plays on a plate of metal attached to a hollow central tube 
containing a wick, and perforated by holes at the top. The heat is communicated to the wick 
—the spirit volatilises, and burns as it escapes from the top of the tube. The hole in the plate 
allows the flame of the small wick to pass up and light the spirit vapour, which passes out through 
the holes at the top of the central tube. The cap, which is placed over the lamp when not in use, 
ana the boiler and vessel for the carbolic acid, ore indicated by dotted lines. 

driven over the vertical tube—hand or foot sprays; and the 
other in which steam is employed—steam sprays. The hand 
or foot sprays produce a somewhat coarse spray, and the force 
required is such as soon to exhaust the individual employed. 
They are therefore very uncertain implements, and have now 
entirely given place to the steam sprays, where there is a steady 
current as long as the water in the boiler lasts. When the 
band sprays are employed 1-40 solution is placed in the bottle. 
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In the steam spray the 1-20 solution is used because the steam, 
mixing with the solution, reduces its strength to 1-30 or 1-35. 

I-need not describe here the steam spray apparatus, more 
especially as it can be easily obtained, of Mr. Lister's pattern, 
from David Marr, 27 Little Queen Street, Holborn. These 
sprays consist of the following parts:—A boiler which contains 
water, and which is heated by a spirit lamp placed beneath it. 
The steam issues through a tube placed at an angle to another 
more upright one, through which the carbolic acid lotion 1-20, 

which is placed in the glass 
retort, is sucked up. This 
1-20 lotion, mixing with the 
steam, makes a solution of 1-30 
to 1-35. The carbolic acid 
solution passes through a 
sponge at the bottom of the 
upright tube, which filters it, 
and thus prevents the minute 
orifice of the tube from be-
coming choked up by coarse 
particles. These sprays are of 
various sizes, and the largest 
ones have two nozzles, which 
may be used singly, or to-

gether where the field of operation is large as in ovariotomy. 
The catgut used for tying the vessels is prepared in the 

following manner:—Ordinary catgut as obtained from the 
shops, when introduced into blood-serum, soon swells up and 
becomes weak. At the same time it is very slippery, and a 
knot will not hold; and when placed in the tissues it very 
rapidly becomes absorbed. With the view of obviating these 
defects it is prepared by placing it in a solution of carbolic acid 
in oil (1-5) with a very small quantity of water (10 per cent.) 
diffused through the oil. As the water ultimately falls to the 
bottom, a few pebbles are placed on the bottom of the vessel, on 
which the catgut rests. It does not then come in contact with 
the water. As a result of keeping it in this solution, the 
catgut first becomes supple and soft, but afterwards harder and 
firmer, and is then able to resist the action of the fluids and 

FIG. 1 8 . — L A R G E STEAM SPRAY PRO-
DUCER WITH DOUBLE NOZZLE FOR 
OVARIOTOMY, ETC. 

CATGUT. 5 7 

tissues for a considerable time. It is kept in this fluid for six 
or eight months, and is then transferred to the ordinary 1-5 
oily solution. The longer it is kept in this solution the better 
it becomes. The rationale of this method will be found in 
Mr. Lister's paper in the ' Lancet' of Feb. 5,1881. 

Quite recently 1 Mr. Lister has published a new method of pre-
paring catgut, by means of which a stronger article is obtained, 
and one not absorbed nearly so soon as the old kind. It also 
possesses an advantage over the old kind, in that it disappears 
by erosion of the surface, and does not become infiltrated with 
cells, as is the case with the ordinary fonns. It thus remains 
as a firm constricting band, till it is completely replaced by new 
tissue. I cannot do better than quote Mr. Lister's description 
of the method by which this gut is prepared : ' I dissolve one 
part of chromic acid in 4,000 parts of distilled water, and add 
to the solution 200 parts of pure carbolic acid, or absolute 
phenol. In other words, I use a 1-20 watery solution of 
carbolic acid—only that the carbolic acid is dissolved, not in 
pure water, but in an exceedingly dilute solution of chromic 
acid. But, minute as is the quantity of the chromic acid, it 
exerts, when in conjunction with carbolic acid, a most power-
ful effect upon the gut. The first effect of the addition of 
the carbolic acid to the chromic solution is to change its pale 
yellow to a rich golden tint. But if the liquid is allowed to 
stand without the introduction of the catgut, it changes in the 
course of a few hours'to a dingy reddish-brown, in consequence 
of some mutual reaction of the two acids; and a considerable 
amount of reddish grey precipitate is formed. If, however, 
catgut about equal in weight to the carbolic acid is added as 
soon as the ingredients are mixed, the liquid retains its bright-
ness, and the only change observed is the gradual diminution of 
the depth of the yellow colour; the precipitate, which I pre-
sume still occurs, taking place into the substance of the catgut. 
As soon, therefore, as the preparing liquid has been made, cat-
gut equal in weight to the phenol is introduced into it. If 
you have too large a proportion of catgut, it will not be suffi-
ciently prepared; if you have too small a quantity, it may run 
the risk of being over-prepared. At the end of forty-eight 

1 Lancet, F e b . 5, 1881. 



hours the chromic element of the liquid has nearly spent itself, 
and precipitation is complete. The catgut is then taken out 
of the solution and dried, and when dry placed in 1-5 carbolic 
oil: it is then fit for use. . . . The preparing liquid causes 
a certain amount of softening of the catgut, and if it is intro-
duced in loose hanks, this will tend to produce a little uncoil-
ing of the twisted cord, and a still greater degree of uncoiling 
will take place during drying. It is of very great importance 
that this should not occur, because it involves weakening of 
the thread, and that in different degrees in different parts; and 
this may lead to the gut giving way when you subject it to 
a strain. The catgut then should be prepared on the stretch, 
both when it is put to soak and when it is put to dry. 

' I need not enter into the mode in which this can be done 
by the manufacturer. I may only say this, that the surgeon 
who wishes to prepare it himself may do it in different ways. 
For instance, he may take two large test-tubes, one a little 
larger than the other, and he may wind the catgut on the 
smaller tube, fixing one end by sealing-wax, winding it round, 
and then bringing it up again, and fixing the other end with 
sealing-wax at a higher level than the liquid will reach, putting 
sufficient liquid into the larger test-tube, and introducing the 
smaller test-tube with the catgut wound round it, with a little 
shot to keep it down in the liquid. After forty-eight hours, he 
takes out the smaller test-tube, and leaves it till the catgut is 
completely dry. I merely mention this as an illustration, and 
also as furnishing a hint to some surgeons in private practice 
who may desire to prepare the catgut themselves ; or a couple of 
gallipots, one larger than the other, will do just as well. But, 
as I have said, the principal uncoiling takes place during drying; 
and for all ordinary purposes a sufficiently good article is got by 
putting the catgut loose into the liquid, and making it dry 011 
the stretch by tying the ends of each hank to two fixed points 
in a room.' Erosion of this catgut does not begin till about a 
fortnight after its introduction into the tissues. 

Dr. MacEwen has lately brought forward a somewhat 
different method of preparing catgut.1 'These ligatures are 
prepared by making, first, a watery solution of chromic acid, one 

1 British Medical Journal, Jan. 29, 1881. 

to five; then one part of this solution is added to twenty of 
glycerine. This forms a dark greenish compound, in which the 
hanks of catgut are inserted and retained for seven or eight 
months, the bottle containing them being occasionally shaken. 
At the end of this time the catgut acquires a semi-translucency, 
and has a dark colour like preserved ginger. It is then ready 
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for use, and is stored in a solution of carbolic acid and glycerine 
(one to ten).' Ligatures so prepared begin to soften on an 
average about the fourteenth day, and are more or less com-
pletely absorbed the twentieth day. 

A very convenient method of keeping catgut for use in 
hospital is to wind it round reels, say three, each holding a 
different thickness of gut, which are suspended in a vessel 

F I G . 2 0 . — L I S T E R ' S POCKET CATGUT HOLDER. 

A, Holder complete. D, The reel un which the catgut is wound. 

containing carbolic oil 1-5 (see Fig. 19). The lid of the box 
is perforated with holes through which the ends of the catgut 
Pass. In this way the gut may be taken directly from the 
oily solution without any trouble. 

In order to have a supply of gut always at hand, Mr. Lister 
has devised the catgut holder shown in the accompanying figure 
(Fig. 20). The gut is wound on a reel which is cai'ried in a 
German silver case. There is no necessity to fill this case with 



carbolic oil, as is done by some surgeons. Sometimes the case 
is combined with a caustic holder at the other end. 

Garbolised Silk is often used for sutures, and is prepared 
as follows:—Nine parts of beeswax and one part of carbolic acid 
are melted together. Silk thread of various sizes is steeped 
for some minutes in this mixture, till it is thoroughly impreg-
nated with it. As the thread is taken out, it is drawn through 
a cloth in order to remove the superfluous wax. The wax holds 
the carbolic acid, makes the thread more useful, and fills up to 
some extent its interstices, thus preventing it from becoming 
soaked with fluids. The carbolised silk thus prepared is kept 
permanently in stoppered bottles, or wrapped in carbolic gauze. 
It must not be steeped for any length of time in the lotion 
before being used, because the threads become opened out. If 
the thread be properly kept, the interior is aseptic or even anti-
septic, and passing the thread through the fingers moistened 
with carbolic lotion, or a momentary immersion in 1-20 car-
bolic solution, is sufficient to destroy any septic dust adhering 
to its exterior. 

In order to protect healing wounds from the irritation of 
carbolic acid a special material is employed termed the Protec-
tive. This consists of oiled silk coated with copal varnish. 
When this is dry a mixture of one part of dextrine, two parts of 
powdered starch, and sixteen parts of cold watery solution of 
carbolic acid (1-20) is brushed over the surface. The rationale 
of this method of preparation is the following :—Oiled silk alone 
is better for the purpose of a protective than gutta-percha 
tissue, because carbolic acid does not so readily pass through it. 
It does, however, do so, and therefore copal varnish, which is 
almost absolutely impermeable to carbolic acicl, is added. As, 
however, the fluid collects on this as on a duck's back, leaving 
intervals between each drop on which dust may fall and escape 
the action of the acid, the dextrine solution is added, and the 
result is, that when moistened the whole surface of the protec-
tive remains uniformly wet. The use of the carbolic acid in 
the dextrine solution is not to add any carbolic acid to the pro-
tective, but because it is better than water for enabling the 
dextrine to adhere to the varnished oiled silk. For the same 
reason the powdered starch is added. The original carbolic 

acid flies off very quickly from the protective, leaving a material 
containing no antiseptic in its substance. 

Carbolic Gauze is the material generally employed as a 
dressing to guard against the entrance of causes of fermentation 
into a wound after an operation. The gauze used is ordinary 
fine unbleached tarlatan washed and dried. There are various 
methods of impregnating this gauze with carbolic acid. I will 
give Mr. lister's description of a simple method, which can be 
used in any hospital, and which was recently employed during the 
Russo-Turkish war for making fresh gauze in camps.1 The 
mixture employed for charging the gauze was originally one part 
of carbolic acid, five parts of resin, and seven parts of paraffin. 
Lately the formula has been changed to one part of crystallised 
carbolic acid, four parts of common resin, and four parts of 
paraffin. These materials, mixed together, are added to an equal 
weight of unprepared gauze. ' In order to charge the gauze, 
the paraffin and resin are first melted together in a water 
bath, after which the acid is added, and blended by stirring. 
The object now is to diffuse this melted mixture equally 
through the cotton cloth, and for this purpose two things are 
requisite, viz. that the cotton be at a higher temperature than 
the melting point of the mixture, and that it be subjected to 
moderate pressure after receiving it. The cotton cloth, a yard 
wide, is cut into six-yard lengths, and these having been folded 
so as to be half a yard square, are placed in a dry hot chamber, 
formed of two tin boxes placed one within the other, with an 
interval to receive water, which is kept boiling by fire or gas 
beneath, the upper edges of the boxes being connected and 
provided with an exit pipe for the steam. There is also a 
glass tube arranged as a gauge of the amount of the water, 
and the chamber has a properly fitting lid The bottom of 
the chamber is strengthened with an iron plate, to enable it 
to bear the weight used for compressing the gauze when 
charged. There is a piece of wood about two inches thick 
nearly fitting the chamber, covered with sheet lead, so as to 
make it about as heavy as a man can lift by means of two 
handles in the upper surface. The weight is heated along 
with the cotton, and is put first into the chamber so as to leave 

1 See Lancet, March 13, 1875. 



the cotton loose for the penetration of the heat, which occupies 
two or three hours. The cotton when heated is taken out of 
the chamber along with the weight, and placed in a wooden box 
to protect it from the cold. (It would be better to have a 
second hot chamber for this purpose, since in cold weather the 
cotton is apt to be too much cooled in spite of the protection of 
the wooden box.) The heated gauze is then at once charged 
with the melted mixture of carbolic acid, resin, and paraffin, in 
quantity equal to the weight of the cotton fabric (or slightly 
less), and in order to diffuse the liquid as equally as possible, it 
is sprinkled over the gauze by means of a syringe, with a 
number of minute perforations in its extremity, the body of the 
syringe and the piston-rod having each a wooden handle to pro-
tect the hands of the workman from the heat. The syringe is 
constructed to hold half the quantity of the mixture required 
for charging one piece of cloth. One folded piece being placed 
at the bottom of the hot chamber, its upper half is raised and 
turned aside, and one syringeful is sprinkled over the lower half. 
The upper half is then put back into position, and another 
syringeful thrown on. The same process is repeated with all 
the other pieces of gauze, after which the weight is put into the 
chamber to compress the charged cotton, and the lid applied. 
An hour or two are then allowed to elapse, to permit the com-
plete diffusion of the liquid, when the material is fit for use. 
The apparatus above described can be made by a common tin-
man for about l'Oi.' Fig. 21 shows the apparatus employed in 
the Glasgow Infirmary.1 

As the muslin is the clearest item in the gauze Mr. Lister 
has suggested that the dressings should be washed and the 
gauze recharged. The larger dressings are therefore kept and 
sent back to the manufacturer, who washes and recharges them. 
This recharged gauze can then be used as loose gauze in future 
dressings. 

In this gauze the carbolic acid is the only active agent; the 
resin is used to hold the acid—i.e. to prevent it from being 
washed out too soon by the discharge—while the paraffin is 
employed to lessen the adhesiveness of the resin. The gauze 

1 See ' Practical Papers on the Materials of the Antiseptic Method of 
Treatment.' By George Beatson. Glasgow Medical Journal, March 1880. 

ought to be kept in a tin box, closing tightly to prevent 
evaporation of the carbolic acid. It is used either in the form 
of loose gauze or folded dressings and bandages. 

A great many different ways of preparing gauze have been 
published, but none are so good as that just described. 

Von Bruns has lately recommended a. gauze containing 
castor-oil instead of paraffin. 

His formula, is— 
•Carbolic acicl 
Resin 
Castor-oil 
Spirit 

1 part 
4 parts 
8 » 
20 

FIG. 2 1 . — M A C H I N E USED IN T H E GLASGOW ROYAL INFIRMARY FOR 
MANUFACTURING GAUZE. 

A is the receptacle for the antiseptic mixture of carbolic acid, resin, and paraffin ; B is the tin 
case in which the muslin is heated, impregnated with the mixture, and submitted to pressure. 
D is a pipe which conveys steam for heating the apparatus, and E E are stopcocks for turning 
on or shutting oif the steam in connection with either A or B. (From Dr. Beatsou's ' Practical 
Papers on Antiseptic Surgery.') 

The resin is first dissolved in the spirit, then the carbolic 
acid and castor-oil are added. The gauze is simply soaked in 
this, and then hung up to allow the spirit to evaporate. The 
objection to this gauze is that the castor-oil interferes with the 
affinity of resin for carbolic acid, and thus the carbolic acid will 
be sooner washed out, and the gauze thereby rendered less 
trustworthy. 

In order to prevent the discharge from soaking directly 
through the dressing macintosh cloth, is used. This is 
cotton cloth with a thin layer of india-rubber spread on one 



side. It is placed outside the gauze dressing. As a rule one 
layer of the gauze comes outside it, partly in order to keep it 
in position, and partly also, in case any hole should exist in the 
macintosh, to have a little antiseptic material outside. Care 
is taken that the side on which the india-rubber is spread goes 
next the wound, for if the other side be placed inwards it absorbs 
discharge, and, not being itself antiseptic, it becomes in reality 
a piece of impure cotton in the interior of the dressing, and 
may thus communicate putrefaction inwards. The macin-
tosh itself also gets spoilt when so used. The dressing con-
sists of a piece of gauze of sufficient size folded in eight layers, 
beneath the outer layer of which the mackintosh cloth is 
placed. 

Sponges are washed after an operation, and are then kept 
soaking till required in a jar containing carbolic acid 1-20. 
During an operation they are washed in 1-40 carbolic acid 
lotion. 

These sponges often become filled with fibrin, and thus 
rendered more or less useless. It is very difficult to remove 
this fibrin by washing. Mr. Lister, therefore, after an operation 
places the sponges in a tank containing water. Putrefaction 
of the fibrin occurs, and after some days the sponges can be 
easily cleansed. They are then placed till required in the 
1-20 carbolic solution. 

When the wound becomes quite superficial, various prepar-
ations of BORACIC ACID may be employed with advantage. 

Boracic lotion is a cold saturated solution of boracic acid 
(B.2033H20) in water. This acid is soluble in 25 to 30 parts 
of cold water, and in very much larger proportion when the 
water is boiling. It is convenient to tinge this solution with 
litmus in order to distinguish it from the carbolic lotions. 

Boracic lint is ordinary surgical lint soaked in a hot saturated 
solution of boracic acid and then hung up to dry. About half 
its weight consists of crystals of the acid. This is also stained 
with litmus. 

Boracic ointment is employed in certain cases. Two 
strengths are commonly used, called full strength and half 
strength; the former being applied to wounds where cavities 
exist, the latter to superficial wounds which one wishes to heal 

rapidly. The following is the original formula for the full 
strength ointment:— 

Boracic acid crystals pa r t 
White wax . . . . . J 
P a r a f f i n . ' 2 parts 
Alraond-oil . . . . . . 2 

First mix the wax and paraffin by heating them together, 
then add the oil; mix the crystals with this in a warm' 
mortar, and continue the process of mixing till the liquid 
solidifies. Spread on thin cotton cloth. 

The half strength contains half the quantity of boracic acid. 
A much softer and more manageable boracic ointment is 

now made with vaseline. The following is the best formula :— 
Make a basis of 2 parts of paraffin to 1 part of vaseline. 
Take of this 5 parts 

„ boracic acid, 1 part. Mix. 

Salicylic acid cream is used for applying around a wound 
when a dressing is to be left on for some days. It prevents 
irritation by the discharge. It formerly consisted of salicylic 
acid crystals mixed with 1-20 carbolic acid lotion in sufficient 
quantity to form a creamy fluid. This is apt to separate into 
two layers, and therefore it is better to make a cream by mixing 
salicylic acid with glycerine so as to form a paste. This latter 
cream remains of uniform consistence, and is easily applied. For 
this purpose Mr. Lister uses glycerine and carbolic acid 1-10. 

The formula for salicylic ointment is 

Of the same base as is used for boracic acid . 29 parts 
Salicylic acid . . . . ' ' J part. 
For the purpose of purifying sinuses, putrid ulcers, &c , a 

solution of chloride of zinc is used of the strength of 40 m-s 
to the oz of water. This is either applied on lint to the whole 
surface of a wound, or it is injected by means of a syringe and 
catheter into all the deep parts of the wound, care being taken 
0 provide free exit for the fluid injected. If the exit of the 

solution is obstructed, it may pass into the tissues and cause 
gangrene. 

Iodoform is now applied to the surface of ulcers, and 
F 
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answers the same purpose as the ehloride of zinc solution, while 
it causes no pain. 

Carbolised cotton wool is used in some cases of gangrene 
It is obtained by soaking pure cotton wool in a 1 per cent 
solution of carbolic acid in ether. The cotton is then dried and 
used immediately. 

DESCRIPTION OF AN ASEPTIC OPERATION. 67 

CHAPTER IV. 

A S E P T I C S U R G E R Y ( c o n t i n u e d ) . 

Example of an aseptic operation : Purification of the skin—Fingers—Instru-
ments: Spray—Precautions—Probable errors, and mode of remedying 
tliem : Guard : Ligature of arteries: Drainage of wounds—India-rubber 
tubes—Catgut drains-Horse hair—Decalcified bone tubes (Neuber's and 
MacEwen's): Sutures: Button stitches—Stitches of relaxation—Stitches 
of coaptation—Aseptic strapping—Protective: Deep dressing: Loose 
gauze: Gauze dressing: Elastic bandage. CHANGING THE DRESSINGS— 
Time—Method. TREATMENT OP ULCERS : Purification of the sore: Boracic 
dressing: Boracic and salicylic ointment: Boracic poultice. 

HAVING described the materials employed in aseptic surgery, 
we must now consider how they may best be employed. Take 
as an example of an operation the removal of a fatty tumour. 

The patient having been brought under the influence of 
chloroform or other anesthetic, the skin over the tumour, and 
for some distance in the vicinity, is thoroughly purified from 
any active dust by washing it well with a solution of carbolic 
acid 1-20. The surgeon and his assistants also wash their 
hands in 1-40 carbolic lotion, while the instruments are put to 
soak in 1-20. A towel is arranged close to the tumour, gene-
rally on the part of the table between the operator and the 
patient, which towel has been well soaked in 1-20 carbolic 
lotion, and is meant as an antiseptic basis on which instruments 
may be laid during the course of the operation without any 
fear of their contamination. This towel is so arranged as to be 
within the cloud of spray. A spray being now made to play 
over the part from a convenient distance, the surgeon makes his 
meiaons, removes the tumour, ties the vessels with catgut, 
introduces a suitable drain, stitches up the wound, and applies 
a piece of protective but little larger than the wound—the pro-
tective being of course dipped in the 1-40 carbolic solution. 

F 2 
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hands in 1-40 carbolic lotion, while the instruments are put to 
soak in 1-20. A towel is arranged close to the tumour, gene-
rally on the part of the table between the operator and the 
patient, which towel has been well soaked in 1-20 carbolic 
lotion, and is meant as an antiseptic basis on which instruments 
may be laid during the course of the operation without any 
fear of their contamination. This towel is so arranged as to be 
within the cloud of spray. A spray being now made to play 
over the part from a convenient distance, the surgeon makes his 
meiaons, removes the tumour, ties the vessels with catgut, 
introduces a suitable drain, stitches up the wound, and applies 
a piece of protective but little larger than the wound—the pro-
tective being of course dipped in the 1-40 carbolic solution. 
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Outside this is applied a piece of wet gauze, consisting of 
several layers of loose gauze which has been soaking for some 
time in the 1-40 carbolic solution. This wet gauze and pro-
tective are called the deep dressing. The wet gauze must 
overlap the protective in all directions. Then any remaining 
hollow is filled up with loose gauze, and outside the whole a 
gauze dressing is fixed. This dressing consists of a piece of 
carbolic gauze of suitable size, folded in eight layers, and having 
the macintosh placed beneath the outermost layer, with the 
india-rubber side inwards. The dressing is fixed by means of a 
bandage, and when this is accomplished the spray may be 
stopped.' Then around the edge of the dressing an elastic 
bandage is applied so as to keep the edge constantly in contact 
with the body, and to allow no interval to occur between the 
dressing and the skin during the movements of the patient. 
The elastic is carefully fixed to the edge of the dressing by 
means of safety inns. 

In the after progress of the case the dressing is changed 
according to the amount of discharge, though in no instance 
is it left longer than eight days. 

Such is, very briefly, a sketch of the ordinary method of 
performing operations aseptieally. I shall now consider each 
step in detail, and point out the most frequent sources of 
failure in carrying out the method; for it must always be 
borne in mind that the whole operation, as far as regards the 
avoidance of putrefaction, requires as much care as if it were an 
experiment performed in a laboratory on putrescible fluid con-
tained in glass vessels. 

The first thing, then, is to purify the skin in the neigh-
bourhood of the seat of operation. This is necessary, because 
the skin is covered with dust. The natural grease of the skin is 
not easily removed by simple washing, and it protects the septic 
particles present beneath it and in the hair or sebaceous follicles. 
This purification of the skin is carried out by washing it well 
with 1-20 carbolic lotion, the antiseptic being a l l o w e d to act 
for some little time. It is well, having first washed the neigh-
bourhood thoroughly, to apply over the seat of operation a 
large rag or towel soaked in 1-20 solution, and to allow this to 
remain on the part for some minutes. Where the epidermis 

is thick, or where there is any putrid matter present, it is best 
to apply this towel about half-an-hour before the operation. It 
is not necessary to wash the skin with soap and water, or with 
alcohol or ether, as is often done in Germany. The carbolic 
acid has a wonderful power of penetrating grease or epidermis ; 
and if time be given for it to act it is unnecessary to wash off 
the grease beforehand. If the wound is to be in the neigh-
bourhood of hair, as in the axilla or near the pubis, the part 
must be shaved, and then well soaked with the carbolic lotion. 

The errors in the purification of the part may be that the 
skin is not purified at all, or that it is washed with water ; or, 
as I have seen, the operator simply allows a carbolic spray to 
play over it for a minute or two, and is satisfied with this ; or 
he merely rubs the surface with his wet finger. This purifica-
tion must, however, be done thoroughly, for every hair follicle 
and gland duct may contain causes of putrefaction. Carbolic 
oil is used by some instead of the watery solution to purify the 
skin. This is a great mistake, for oil has a much greater 
affinity for carbolic acid than water has, and therefore the 
carbolic acid in the oily solution does not act with the same 
rapidity as the watery solution. Thus 1-20 or even 1-10 car-
bolic oil is not nearly so useful for producing an instantaneous 
effect as 1-20 carbolic lotion. 

At the same time the operator and his assistants purify their 
hands. This must also be done thoroughly, and the folds of 
skin about the nail more especially must be well cleansed with 
the lotion. In an important operation, as in an operation on 
a joint, it is well to use 1-20 carbolic lotion for this purpose, 
so as to avoid any chance of a lurking particle ; but in ordinary 
operations 1-40 is quite sufficient. This purification of the 
hands is only too apt to be a sham, no care being taken about 
the nails and folds of skin. The 1-20 is not used in all cases, 
because 1-40 is really sufficient, and the stronger solution is 
apt to benumb the hand. 

The instruments are purified by immersion in 1-20 carbolic 
lotion before the operation. A tin or porcelain trough filled with 
the 1-20 solution is employed for this purpose, the instruments 
being placed in it some time before an operation (Fig. 22). 
The instruments are not merely dipped ; they must remain in 



the lotion for some time, because the carbolic acid requires a 
little time to act on the grease or dirt on them. For the same 
reason the teeth of toothed instruments ought to be cleaned 
thoroughly, and forceps locking by catches ought to be widely 
opened, so as to allow the solution to come in contact with all 
parts. The whole instrument must be immersed, for if only the 
point be purified it may happen that the impure handle is in-
advertently brought into contact with the wound during the 
course of the operation. 

The errors most likely to occur are either that during the 
course of the operation an instrument not previously in the tray 
is used without any attempt at purification, or that the instru-
ment is imperfectly purified or only part of it cleansed. I have 
seen the danger of partial purification more than once exem-

F I G . 2 2 — P O R C E L A I N TROUGH CONTAINING INSTRUMENTS SOAKING IS 
CARBOLIC LOTION. 

plified. Thus I have seen the blade of a knife alone purified, 
and the surgeon in the middle of the operation use the unclean 
handle to separate the tissues. Other errors in the manipu-
lation of instruments will be referred to presently. 

The spray is very important in many cases, for it provides 
an atmosphere in which instruments, &c., may be kept without 
danger of contamination. In order to have a wide and large 
antiseptic area in which to work, the spray ought not to be too 
near, about six or eight feet or more being a suitable distance 
for a good spray. Care must be taken that the spray is not 
blown off the part by draughts or by people moving about. The 
spray is most necessary in opening abscesses or in stitching up 
wounds, for, to take the latter case, as the wound is not syringed 

out after the stitches are inserted, septic air may be inclosed 
in the cavity of the wound, and may give i-ise to putrefaction if 

the spray has not been playing over the wound while the 
stitches were being introduced. 

During the course of an operation any instrument which has 
been once purified, if kept in the spray, even though covered 
with blood, remains pure, and may be introduced into the 



wound without hesitation. The same is the case with the 
hands of the operator or assistants; and therefore the dresser, in 
handing instruments to the surgeon, must hand them into 
the spray (Fig. 23). If in the course of the operation the 
surgeon reaches his hand or an instrument out of the spray 
for any reason whatever, it must be repurified before being 
put into the wound. For this purpose there is generally a 

F I G . 2 4 . — T o SHOW T U B ARRANGEMENT OP TOWELS, ETC., IN A LARGE 
OPERATION. 

a a a Are three towels which have been soaked in 1-20 carbolic lotion, so that instruments. Sc. 
may be placed on them without fear of contamination. Thus a small sponge will be seen on the 
upper one. d is the <lish containing 1-40 carbolic lotion which always stands before the operator, 
and in the line of the spray. In this he places the instruments which are not being used, and 
in it he repurifies his hands or instruments if they have been removed from the cloud of spray. 
In this particular instance we have a large wound to deal with—one so large that a single spray, 
unless of large volume, may not cover it completely. Hence a piece of guard soaked in carbolic 
lotion is thrown over the front of the wound while the surgeon is attending to the axillary part, 
or vice versd. 

basin of 1-40 carbolic lotion placed close to the operator in the 
line of the spray, in which fingers, instruments, &c., may be 
re-purified by momentary dipping. When instruments are laid 
down out of the spray, or, in the spray, on a blanket, they 
must be repurified before being used again. To provide a basis 
on which instruments may be laid, the carbolised towel is 
arranged before the operator as formerly described, and the 
blankets in the neighbourhood are generally also covered up 
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with wet towels, so as to avoid the chance of the instruments 
being laid on the blankets (see Fig. 24). Should the operator, 
during the course of an operation, wipe his hands in a dry towel, 
or touch any unpurified substance, he must remember to wash 
his hands in 1-40 carbolic lotion before re-introducing them 
into the wound. 

These precautions seem on the one hand self-evident, while 
on the other they seem so burdensome to remember that 
they are often neglected by self-sufficient surgeons. And yet 
it is by the neglect of these, rather than by error in any other 
part of the Listerian method, that mistakes arise and failures 
occur. Many people think that the spray is the essential part 
of the treatment, and neglect the precautions as to constant 
purification of instruments, &c., and when their cases go wrong 
they say that the principle is incorrect. And yet one thoroughly 
acquainted with the Listerian method will readily detect the 
loopholes, and the general loophole is the omission of some of the 
precautions with regard to purification of fingers, instruments, 
&c. Thus I have seen a surgeon with considerable experience 
in aseptic treatment, during the course of a difficult operation 
wipe his hands with a dry towel and immediately introduce 
them, covered with the dust from the towel, into the wound. 
The patient died of septic poisoning. Now many surgeons 
might have said, ' I used the spray; I used all precautions ; 
my instruments were soaking ; my hands were purified ; ' for-
getting this one little incident. When the point was men-
tioned, however, the mistake was at once seen. People are too 
apt to trust to the spray as sufficient, and to speak of aseptic or 
Listerian surgery as treatment by the spray. This is a great 
and often fatal mistake. Of all the precautions required by 
Mr. Lister, that of purifying the air by means of a carbolic acid 
spray is the least necessary, for there are but few septic particles 
present in the atmosphere, and even though some of them fall 
on to a wound they may be rendered inert by washing the 
wound with carbolic lotion. It must always be remembered 
that Mr. Lister carried out aseptic treatment for years with 
great success without any spray ; and if at the present time he 
were compelled for any reason to give up some one precaution, he 
would at once throw aside the spray, as that one which is least 



necessary, and which could be the most readily dispensed with. 
At the same time, the spray is an immense convenience in many 
cases, more especially in abscesses, empyemata, in stitching up 
wounds, &c.; and it saves the necessity of applying a great deal | 
of carbolic acid to wounds by irrigating them, with the con-
sequent irritation and risk of carbolic acid poisoning. 

To return to the errors which may arise in this part of the 
treatment. It may be that the spray is too near, and that thus | 
the cloud is so narrow that the surgeon is constantly getting ; 
his hands or his instruments out of it, and forgetting to re-
purify them. There are other disadvantages when the spray is 
too near. Thus it is very wetting, and the hands of the surgeon | 
and the wound are unnecessarily irritated by the carbolic 
acid. If too near, the opaque spray also obscures the field of 
vision. On the other hand, where the spray is visible, it may j 
be sufficiently trusted. Other sources of error are that instru- i 
ments may be used which have never been purified, which have 
been only imperfectly purified, which have after their use lain 
about outside the spray or on blankets, &c.; or it may be that j 
the carbolic acid gets exhausted in the spray bottle, or that for 
some other reason the spray does not act properly. 

What is to be done should any of these accidents occur ? 
Suppose that an impure instrument or finger be introduced into 
the wound, that wound must be at once thoroughly washed 
out with 1-40 carbolic lotion. This is a bad thing for the 
wound, because it irritates it, and may prevent healing by first 
intention ; or it may, by causing a much larger quantity of dis-
charge than usual, so saturate the gauze dressing as to render 
it unable to prevent the spread of- putrefaction inwards. There-
fore it is better to use the spray, and to take all the precautions 
before mentioned. Should the spray stop, the wound must be 
washed out just as in the former case, and then, till the spray 
can be set agoing again, the wound is covered with a piece 
of rag soaked in carbolic lotion. 

This piece of rag, called the guard, ought to be always 
present in the basin by the side of the surgeon, and when there 
is any indication that the spray is failing, or should it be advis-
able to stop the spray for any reason, this is thrown over the 
wound for the time being. Should any time elapse before the 

spray is again ready for use, this guard must be repeatedly 
moistened with carbolic acid lotion 1-40. 

Where the wound is very large it may be protected during 
the operation either by having two sprays, or by covering up the 
part of the wound which is not being operated upon by a guard 
(see Fig. 24). 

The arteries are ligatured with catgut. This catgut is 
generally employed of three different sizes. The largest is 
us.ed only for large vessels or for stitches; the medium for 
medium-sized vessels, or for vessels in inflamed or dense tissues 
where considerable force is required to constrict the vessel, or 
for stitches; the small or fine catgut is that ordinarily employed 

FIG. 2 5 a . — M E T H O D OP TYING VESSELS IN DENSE TISSUES, 
(After HacCormac.) 

for the smaller vessels. The vessel having been securely tied, 
the catgut is cut short and gives no more trouble. It is well 
to tie all the visible bleeding points, because a little oozing of 
blood may give trouble afterwards from tension. If the vessel 
be situated in dense tissue, so that a ligature cannot be applied 
around it, a needle carrying a double catgut thread should be 
passed through the tissue and tied on each side of the vessel 
(see Figs. 25a and 256). The catgut should be taken direct 
from the trough containing carbolic oil, and should not be 
wetted in the lotion. Where the bleeding is from a tear in 
a large vein, and where it would be dangerous to ligature the 
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vessel, I have seen the following method adopted by Mr. I 
Lister:—In removing some cancerous glands from the axilla, 
a small vein was torn away from the axillary vein at their 
junction, making practically a longitudinal rent in the axillary 
vein. Taking a fine curved needle and the finest catgut, he 
stitched up the rent by the glover's suture. The patient 
recovered without the slightest bad symptom. There was no 
pain in the wound, nor swelling of the arm, &c. In another 
case, where the longitudinal sinus was injured in trephining 
the skull, the wound was plugged with catgut, and the patient 
recovered without any untoward symptom. 

The drainage of an aseptic wound is the point next in im-
portance to keeping the wound aseptic. For if the blood and if 

serum which collect in the in-
terior of the wound within the 
first twenty-four or forty-eight ; 
hours do not get free exit, they 
give rise to tension, and tension | 
gives rise to inflammation, and 
the latter, if allowed to go on long 
enough, to suppuration; and !i 

FIG. 2 5 5 . — A N O T H E R METHOD OP thus the rapid healing of the 
TYING VESSELS IN DENSE TISSUES. w o u n d is prevented, though the i 

(From Esmarcli.) , • , . , . ? . 

patient is not as a rule subjected 
to any danger to life. To avoid these consequences Mr. Lister 
has paid very special attention to the drainage of wounds. 
There are two main ways in which this may be done—drainage 
through tubes, or drainage by capillarity. The former is the 
most universally applicable and the most certainly successful. 

Drainage by means of tubes is that first used by Mr. Lister, 
and, as just stated, is the form of drainage which is most uni-
versally applicable. The tubes generally employed are the 
india-rubber tubes introduced by Chassaignac, though of late 
the kind of rubber has been altered, that now used being red 
rubber, which contains no free sulphur. By the use of these 
red rubber tubes disagreeable smells and blackening of the 
protective, which often occurred when the black tubes contain-
ing free sulphur were employed, are avoided. These tubes have 
round holes cut in them at short intervals, the diameter of each 

DRAINA GE- T UBES. 

hole being about one-third of the circumference of the tube. 
At the outer end the tubes are cut flush with the surface of 
the skin—straight across if the tube goes directly downwards, 
or with varying degrees of obliquity according to the direction 

which the tube takes (Fig. 26). The tube must not project be-
yond the surface, for if it does, its orifice gets compressed by the 
dressing, and the exit of fluid is prevented. To keep the drain-
age tube from slipping in, two threads of carbolised silk are 

fastened into it at its orifice, and tied in a knot. This knot, 
held between the dressing and the skin, retains the tube in 
position. In some cases, however—as for example, in empyema— 
the tube might slip in in spite of these threads, and therefore it 
is well to fill up the loops with strips of gauze soaked in the 

FIG. 26. - O R D I N A R Y OBLIQUE-ENDED DRAINAGE-TUBE READY FOR USE. 

FIG. 27 .—DRAINAGE-TUBE WITH MASSES OF GAUZE IN THE LOOPS OF 
THREAD. 



carbolic lotion (Fig. 27). These absolutely prevent the tubes 
from slipping in. These tubes are always kept in a large vessel 
containing 1-20 carbolic acid solution, and are thus always ready 
for use. When a tube is altogether removed from a wound it 
is not thrown away, but is washed and put into the bottle 
with the other tubes, and used for another case. These tubes 
vary in size according to the size of the wound and the amount 
of discharge expected, and are arranged so as to drain the 
parts of the wound which form cavities or from which the 
greatest amount of discharge will come It is not necessary that 
their orifices be dependent, though it is of course better that 
they should be so. It is not essential, however, because the 
fluid, as it forms, wells out, and, not being putrid, that which 
lies at the bottom of the drainage-tube does not cause irritation. 
In cases where the most dependent opening would be near 
sources of putrefaction, it is well to have the drainage-tube in 
another part of the wound, even though it be not so de-

pendent. Thus in inguinal 
J hernia the tube would no 

doubt be in the most depen-
v /'>$\ Par^ tf its orifice were 

P / 'm'i c l ° s e to the pubis, but as that 
j j»T r / '¡/\ would be much too near 

^ y ' /mm s o u r c e s of putrefaction, such 
.• / / :?ma a s the vagina and penis, the 

•sC * m. orifice of the tube ought to be 
- ^ / '-Wi a t outer angle of the 

' / / % wound (see Fig. 28). In a 
W J^r 'Wk large wound it is well to have 

jflF im more than one tube; and it is 
better to have two smallish 

FIG. 28.—INCISION FOR INGUINAL t u b e s i n a n J case> r a t her than 
HERNIA, STITCHED, SHOWING THE one large one, because on the 
POSITION OF THE DRAINAGE-TUBE day after the operation one of 
A T THE OUTER ANGLE OF THE + ! , „ „ , „ 4. I I J these tubes may be removed 
WOUND. •/ 

altogether; whereas if a large 
one were pulled out in order to insert a smaller, there would 
be the greatest difficulty in introducing either. No tube which 
one wishes to put back again should be removed till the third 
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day, on account of the difficulty of returning it. By that time, 
however, it lies in a channel in the blood clot or lymph, and slips 
back easily. Fig. 29 represents forceps introduced by Mr. luster, 
and called ' sinus forceps,' which are of the greatest service in 
inserting drainage tubes. Generally on the third day half the 
tube is cut off, and it is reduced in length at subsequent 
dressings till it becomes no longer necessary. No exact rules 
can be given for shortening or leaving out the tube. This must 
simply be a matter of experience, guided by the amount of 
discharge and the tendency to accumulation or otherwise. 
Should tension occur, a larger and longer tube ought to be at 
once introduced. 

A point which has always seemed to me of great importance 
in connection with the use of these tubes, and one which has 
apparently been overlooked, is the following. A tube is taken 

out of carbolic lotion at some distance from the spray, is 
earned through the air, and then directly introduced into the 
wound. I can hardly believe that when a large tube is taken 
out of the lotion there would be sufficient vapour of carbolic 
acid in it to destroy any septic dust which might get into its 
interior, for a considerable mass of air must take the place of 
the fluid, and this amount of hospital air may often, as I have 
found by experiment, contain causes of putrefaction. Of course 
when passing through the spray this air may be displaced or 
purified, and also when introduced into the wound a consider-
able amount of it would be forced out; while at the same time 
there is a good deal of carbolic acid present, and purification in 
one way or another would probably occur. And further the 
purifying power of healthy living tissues, which will be after-
wards demonstrated, must be taken into account. But in 
the case of a cavity, purification in any of these ways may 



not happen, and putrefaction may result. In a case of incision 
into the knee-joint, which will be afterwards alluded to, in 
which fermentation and inflammation occurred, this seemed 
to me the most probable explanation. My suggestion there-
fore is always to take the tubes out of the lotion in the spray, 
and then the air which enters them will be air previously acted 
on by the spray. 

Drainage by capillarity was introduced by Mr. John Chiene, 
who was also the first to enunciate the principle of absorbable 
drains. For this purpose he uses catgut, and generally the 

finest threads. A skein of catgut, containing say twenty threads, 
is tied at its middle by a single thread of the same gut. One 
end of this thread is passed through a needle (Fig. 30), and by 
means of this the centre of the skein is stitched to the deepest 
part of the wound (Fig. 31). The skein is now broken up into 
bundles of five or six threads each. One bundle comes out 
at each angle of the incision, and the other bundles at inter-
vals between the stitches (Fig. 32). More than one skew 
may be required in a large wound. This catgut becomes 
absorbed, and never requires to be removed. In five or sis 
days the ends which hang out drop off, and little granulating 
sores are formed which heal in a few days. In this method the 
serum escapes by capillarity, and by distributing the threads 

over various parts of the wound the true principle of drainage 
in carried out; for, as pointed out by Mr. Chiene, in draining 
a field one does not have one large drain going from one end 
of the field to another; on the contrary, the field is traversed 
by numerous small drains. And so in Chiene's method of 
draining wounds we have a number of small drains traversing 
the wound in several directions. In this method there is no 
trouble about pulling out the drain, and no necessity for 
changing the dressing simply to remove a tube; the drain 
disappears of itself. It is well to leave the ends of the catgut 
outside the wound as long as possible, so as to get a siphon 
action, and care must be taken not to break up the bunches 
of catgut outside the wound, for the capillary action occurs 
in the intervals between the threads when they are closely 
apposed. 

The objections urged against this method are, firstly, that 
in large wounds it is not sufficient, and that the catgut becomes 
a pulpy mass, and when in large quantity takes a long time to 
organise. Not only may it be insufficient at first, but it may 
become absorbed too soon—before, indeed, a drain of some 
kind can be dispensed with. 

Now these objections rest in great part on the fact that 
the drain is often improperly employed. If, for instance, it be 
not stitched to the deepest part of the wound, the catgut may 
slip and the deeper parts may not be drained ; and again, if a 
large bundle of it be used, coming out at one part of the wound 
only, it does become a pulpy mass, and takes a long time to 
organise. But this is not the method recommended by Mr. 
Chiene, for he says that only five or six threads ought to be 
brought out at each place. There is, however, no doubt that 
in some cases it is absorbed too quickly, and this was the real 
objection to the use of this method when we had only the 
catgut prepared by the old method, though even with it, if the 
gut was well prepared and old, the drainage was often very 
satisfactory. This difficulty will probably be overcome by the 
use of the chromic catgut recently introduced; the only fear, 
indeed, will now be that the drain may last too long. Mr. 
bister, however, thinks that if only the finest gut be used, 
according to Mr. Chiene's directions, the probability is that it 
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will be absorbed with sufficient rapidity. Of course, if neces-
sary, the ends of the drain can be cut off, when it has served 
its purpose, below the level of the skin, and then, even though 
the internal part be not all absorbed, the wound can heal 
completely. 

Catgut can only drain fluids such as blood or serum; it 
cannot drain pus. It is, however, unsuitable in cases of chronic 
abscess, where we have only a serous discharge, because the 
catgut is absorbed long before a drain can be dispensed with. 

F I G . 3 1 . — O P E R A T I O N FOR STRETCHING T H E SCIATIC NERVB. 

Catgut drain stitclied to the deepest part of the wound, beneath the gluteus maximus, and 
broken up into four separate bunches. 

If the wound is very large it is well to introduce tubes as 
well as catgut drains at first. The tubes may be removed in 
twenty-four hours. 

Instead of catgut, horse-hair has been a good deal used. 
This is simply laid into the wound in the situation where it 
seems most required. It is diminished by degrees, threads 
being taken out at various intervals of time. It has an advan-
tage over catgut in draining joints, for no part of the drain 

remains in the interior of the joint, while portions of catgut do. 
Further, it is not absorbable. 

But it has the same disadvantages as the drainage tubes, 
and it is not readily retained in the deeper parts of the wound. 
It is preferred by Mr. Lister to the catgut, but there can be no 
doubt that the catgut, when used strictly according to Mr. 
Chiene's directions, and of good quality, is a very efficient 
method of drainage. 

It is easy to re-introduce a horse-hair drain if necessary by 
proceeding in the following manner:—A sufficient quantity 

being taken, the bundle is bent at its middle over a probe, and 
bed close to the probe by carbolised silk (Fig. 33). In this 
way, the probe being withdrawn, a blunt compact end is obtained, 
which may be introduced into the wound with ease. 

Of late the principle of absorbable drains has been applied 
^ Br. Neuber of Kiel1 in his absorbable drainage tubes. 

rl Rf intisePtiselicr Baververband nach grimdliclicr Bluistilhmn. Von 
J-angenbeck s Archiv, Bd. xxiv. Heft. 2. 

o ?, 

F I G . 3 2 . — T H E SAME WOUND STITCHED. 

The bunches of catgut coming out at intervals between the stitches. (The wound lias been 
The t f S T t i h r e i" l s o f c ^ « n t separated, in order to show the method more clearlv. 

° n s h t , t o i l e i n c I o s e aM>osi"™>, f « it ^ the intervals between the wireaas w inch act as capillary drains. 
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These are tubes drilled in long bones, and then decalcified and 
carbolised. Holes are afterwards cut in the sides, and they are 
used like ordinary india-rubber tubes. These tube» are said to 
answer very well, though they are sometimes absorbed too soon, 
and sometimes last too long. They sometimes get soft and 
collapse about the third or fourth day, and thus, though not 
absorbed, become useless as a drain. 

Dr. MacEwen 1 has lately somewhat modified Neuber's tubes. 
He uses chicken-bones, which are already hollow, and decalcifies 
them. ' The method of preparation is as follows :—The t i ls 
and femora are scraped and steeped in hydrochloric acid and 
water (1 to 5) until they are soft. Their articular extremities 
are then snipped off with a pair of scissors ; the endosteum is 

RE-INTRODUCTION. 

raised at one end and pushed through to the other extremity, 
along with its contents. They are then re-introducecl into a 
fresh solution of the same strength until they are rendered a 
little more pliable and softer than what is ultimately required 
(as they afterwards harden a. little by steeping in the carbolised 
solution). When thus prepared they are placed in a solution of 
carbolic acid in glycerine 1-10. They may be used at the end 
of a fortnight from the time of introduction into the glycerine 
solution. Holes may be drilled in them with a punch, or clipped 
out with scissors.' These tubes are threaded with horse-hair 
before being introduced into the tissues. This hair helps to 
maintain the calibre of the tube during the first few days, and 
also itself acts by capillarity. 

1 British Medical Journal, Feb. 5, ,1881 -

BUTTON STITCIIES. 

The average duration of MacEwen's tubes in the tissues 
was something over eight days. If, however, a tube is likely to 
be required for a longer time, it can be obtained by steeping 
the decalcified tubes in a chromicised instead of a carbolised 
solution. These resist the action of the tissues for two or three 
weeks. 

The accurate stitching of the edges of the wound is another 
feature in aseptic surgery. In operating aseptically the same 
.care need not be taken to remove as little skin as possible as 
is necessary in wounds treated by other methods where swelling 
and inflammation of the edges are expected. One may take 
away a wide sweep of skin, such as would seem to render 
hopeless any attempt to bring the edges of the wound into 
apposition ; and yet if the edges can only be apposed, and if 

F I G . 3 4 . — L E A D BUTTONS FOR DEEP STITCHES, 

A, The present form, described in the text. B, Form of button devised by Dr. Ogilvie Will (seen 
in section) C, The old form, where the wire was fastened by passing it beneath the button. 

the wound remains aseptic, union by first intention may be 
expected along the whole line. 

Button stitches are employed to relax the edges of the 
wound, and thus to leave the cutaneous margins free from the 
irritation which must occur if they are tightly drawn together. 
These consist of flat pieces of lead cut of an oval form and of 
various sizes, perforated in the centre by a hole through which 
silver wire is passed, and provided with two lateral wings round 
which the wire is twisted (Fig. 34). (There are various forms 
of button suture, but all act on the same principle.) These are 
applied some distance on each side of the edge of the wound, 
and connected by strong silver wire drawn tight enough to 
permit the edges of the wound to come pretty easily together. 
The number used varies according to the amount of tension. 
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In order to bring the edges of the wound into actual contact, I 
two sets of stitches are employed: silver wire stitches, which I 
take a good hold of the tissues and are placed at regular inter-
vals, termed stitches of relaxation ; and in the intervals between 
these, in order to have the cutaneous margins accurately applied 
to each other, numerous stitches of coaptation, consisting of 
carbolised silk, horse-hair, or catgut are inserted (Fig. 35). 
The speedy healing which occurs when the edges of the wound 
are accurately brought in contact, while they are at the same 
time, by the button stitches and the stitches of relaxation, 

freed from any tension, rewards the surgeon for the time 
spent in inserting a large number of these stitches of coapta-
tion. 

In taking out these stitches it is best to follow a reverse 
order to that of insertion. The first to be removed are the 
stitches of coaptation, while the stitches of relaxation are pro-
bably cut on the same day. Do not be in a hurry to remove 
the stitches where there was much tension in bringing the 
edges of the wound together. A week or ten days is time 
enough. 

Should the wound gape, strapping may be employed, even 
under an antiseptic dressing. To render the strapping aseptic, 
it is immersed in warm carbolic lotion (one part of 1-20 and an 
equal part of boiling water) before being applied. This both 

F I G . 3 5 — W O U N D AFTER REMOVAL OF M A M M A AND AXILLARY GLANDS, 
STITCHED. 

T o show the three kinds of stitehes. The button stitches will be at once recognised ; the thick 
stitches, of which three are represented, are the stitches of relaxation; and the remainder 
are the stitches of coaptation. 

renders it aseptic and also takes the place of the hot-water can 
for heating the strapping. 

Having proceeded thus far in the aseptic operation —having 
tied the vessels, arranged the drainage, and brought the edges 
of the skin well together— we must now apply a dressing which 
shall prevent the occurrence of putrefaction till the case is 
again seen. 

In applying a dressing we must in the first place be careful 
to make it as little irritating as possible to the young epithelium 
along the line of incision. The dressing employed is the car-
bolic gauze; and, to prevent the irritation of the healing edge 
of the wound by the carbolic acid, a piece of protective is inter-
posed between the gauze and the wound. This protective is 
cut a little larger than the wound, and it is well to cover the 
buttons with a little bit also, in order to prevent the threads 
of the gauze from becoming entangled in them. This protective 
need not extend over the orifice of the drainage tube, as its 
essential object is to protect the healing part from the irritation 
of the carbolic acid. The protective is also of use in preventing 
the dressing from sticking to the wound, and in preventing the 
formation of scabs, and the consequent possible retention of 
the discharge. 

An error which is frequently made is to put on too large a 
piece of protective. There is nothing antiseptic in its substance, 
and it protects the discharge beneath it from the action of the 
carbolic acid. Therefore if at any part it projects beyond or comes 
close to the edge of the dressing, it allows the causes of putre-
faction to spread inwards beneath it, and prevents the carbolic 
acid from acting on this putrefying discharge. It is therefore 
a very good rule, having covered the wound with sufficient pro-
tective, to look on this protective as a wound, and to be as careful 
in having the gauze dressing overlap it in all directions as if it 
itself were the wounded surface. Where there is very little 
space for overlapping, as in inguinal hernia, no protective ought 
to be applied. It is better to have somewhat slower healing 
than to have putrefaction spread into the wound. As men-
tioned before, this protective is dipped in carbolic lotion 1-40 
before being applied. 

Outside the protective a piece of gauze wet in the carbolic 
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lotion 1-40 is applied so as to overlap the protective in all 
directions. The reason for this is that dry gauze is apt to 
receive dust on its surface before being used, while at the 
ordinary temperature of the atmosphere but little carbolic acid 
is given off from the gauze, certainly not enough to destroy 
immediately the activity of the septic particles in the dust. 
But if the piece of gauze applied next to the protective be 
moistened in the 1-40 solution, this dust is at once deprived 
of septic energy, and we apply over the wound a layer of pure 
and powerfully antiseptic material. 

F I G . 3 6 . — E X C I S I O N OF T H E HIP-JOINT. 

Wound stitched ; protective and deep dressing applied. 

The piece of wet gauze and the protective go by the name 
of the deep dressing. This deep dressing may in some cases, 
and more especially where catgut stitches and catgut drains are 
used, be left for several days undisturbed. In this way the 
wound is not irritated by the application of carbolic acid to it 
every time the dressing is changed. If the deep dressing be 
thus left on, it must be remembered that the deep piece of 
gauze loses all its carbolic acid very soon, and tjiat therefore 
it must be treated as a wound—i.e., in renewirf 7' ''the dressing 
this deep part must be overlapped in all directions by a 
piece of wet gauze, and that again by a dressing of suitable 
size. 

DEEP DRESSING. 89 

In some cases it may be desirable to fix down the deep 
dressing with a piece of gauze bandage. If it be intended to 
leave on this deep dressing for some time it is well, before 
applying it, to rub the neighbourhood of the wound with the 
salicyliccream mentioned before. It sometimes happens that 
when a dressing is left on for many days together, the discharge 
becomes somewhat irritating, and the skin around the wound 
becomes excoriated. This is generally entirely prevented by 
the use of salicylic cream. 

Having arranged the deep dressing in a suitable manner, 
any hollows which exist in the neighbourhood of the wound 
are filled up with carbolic gauze, and special masses of this 
material are placed where the greatest amount of discharge is 
expected. Outside this a large gauze dressing, made as before 
described, is applied. The size of this dressing varies accord-
ing to the amount of discharge expected, but in all cases it must 
extend well beyond the deep dressing in all directions. Some 
special examples will be mentioned presently. 

This dressing is fixed on with a suitable bandage. The gauze 
bandage is preferable to an ordinary bandage under certain 
circumstances. It is especially convenient in bandaging a 
stump next the skin to prevent retraction of the flaps, and also 
for fixing down the deep dressing. It also increases the amount 
of antiseptic material outside the macintosh if there happens 
to be a hole in it. But for ordinary use in fixing on dressings 
very light and cheap bandages may be made from the ordinary 
thin muslin which is used as a guard. They do not stick to 
the skin as the gauze bandage is apt to do. 

The dressing is pinned round its edge to the bandage. 
Care must be taken not to put pins through the macintosh at 
any part except at its edge. Pinholes through the centre of 
the macintosh simply defeat its object by permitting the 
discharge to come directly through the dressing. The object 
of the macintosh is to make the discharge travel through a 
large extent of the gauze, and thus the same result is obtained 
as if a mass of gauze were applied over the wound, of the same 
thickness as the distance from the centre of the macintosh to 
its edge. If therefore there be a pinhole near the centre of 
the macintosh, the object of the latter is seriously interfered 
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w i t h . Accordingly, it is always 
makes the dressings to examine the macintosh 

wel! to si»nge the surface o f ^ e — » 
lotion before inserting it. The sam e P 
b e used for a whole ease, p e°cL £ m a d | 
as it does not become worn into hdes. iw p J 
tosh are generally J ^ ^ t X ^ Messed,L, 
always made immediately alter tne 
1S ready for application at any time. 

F I G . 3 7 . — D R E S S I N G IN A CASE OF PSOAS ABSCESS OPENED ABOVE 
POUPART'S LIGAMENT. 

TO show the arrangement o£ the elastic bandage along the margins o£ the dressing. 

It might happen that, in the movements of the patient, the 
edge of the dressing might become separated from the skin, 
and air pass into the space thus formed. To prevent this the 
German surgeons as a rule pack in salicylic jute or wool be-
neath the edge of the dressing. This may serve the purpo e, 
but it is by no means safe. Mr. Lister some time ago i n -
duced the use of elastic webbing, which is of various breadth. 
It is better not to be too broad. It is put m o d e r a dy ou the 
stretch, and surrounds the edge of the dressing Its genenU 
arrangement varies of course with the situation. It is not mud 
used on the extremities, because the arm or leg is generally 

fixed by means of splints that there is no chance of separa-
tion of the dressing. 

The operation and first dressing having now been com-
pleted, the question arises when the dressing should be changed. 
It is only extremely rarely that it is necessary to change it the 
same evening. The only cases in which this is usually done 
are large empyemata or very large abscesses, and cases of am-
putation at the hip-joint, where the discharge of bloodly serum 
is profuse, and there is but little space for overlapping of the 
dressing. 

As a rule, the dressing ought to be changed entirely on the 
following day, the deep part as well as the superficial. It is 
well to change the deep dressing in order to see that none of 
the stitches are too tight, and that the drains are acting pro-
perly. After the first day the deep dressing need not be 
touched, unless the patient is complaining of uneasiness, or 
unless the surgeon wishes to see the wound for the purpose of 
removing stitches or drain. If it is not necessary to disturb it, 
it may, especially where there is an organising blood-clot, be 
better not to do so, for that would only be to expose the wound 
unnecessarily to the irritation of the carbolic acid. If the deep 
dressing is not changed, great care must be taken to have an 
efficient spray playing over the part. 

In changing the dressing the spray is used, and also 1-40 
carbolic lotion, in which a piece of loose gauze and protective 
are put before the dressing is begun. The elastic bandage 
is first removed, and then the patient or an assistant places 
his hand over the centre of the dressing while the bandage 
is being cut, so as to prevent the dressing being lifted up 
and ah- pumped in. Then the surgeon, having purified his 
fingers, and having turned on the spray, lifts the edge of the 
dressing carefully, taking care that the spray passes into the 
angle between the dressing and the skin (see Fig. 38). Having 
removed the superficial dressing, he again dips his fingers, 
and then removes the deeper parts and exposes the wound. 

If nothing is wrong, he immediately applies fresh protective 
and wet gauze, and then washes the parts round about, as far 
as the discharge has extended, with 1-40 carbolic lotion. The 



beneath the dressing as it is lifted. 

to rub it away is to irritate and injure the healing e d g e - t o 
produce a state of unrest. A fresh dressing is applied as before 
described. 

" Where there are two wounds in different situations, so 
placed that the spray cannot command both, each must he 
dressed separately, care being taken not to uncover the one 
till the other is at any rate protected by a deep dressing. ine 
patient or assistant must keep his hand on the dressing over 
the one wound, while the other wound is being attended to. 

The next dressing takes place on the following day at visit, 
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edge of the wound is not washed or exposed to the action of 
the spray longer than is absolutely necessary. It is well to 
apply the deep dressing at once, for in washing the surround-
ing parts, one is apt to give the wound a final touch with the 
rag. Now this rag may contain some gross particles of putrid 
material (such as a crust of discharge from the exterior of the 
dressing, feces, &c.), and thus putrefaction would be com-
municated to the wound. There is no necessity for cleansing 
the edges of the wound. Dirt, so long as it is clean, i.e., so 
long as it does not contain causes of putrefaction, does no 
harm ; indeed, it rather aids the action of the protective ; while 

F I G . 3 8 . — M E T H O D OF CHANGING A PSOAS ABSCESS DRESSING. 

if there is any discharge at the edge of the dressing or if the 
wound feels uneasy. If there is no discharge on the drawsheet 
and if the wound is free from pain, the dressing is not changed ; 
and even though discharge should appear a few hours later' 
the dressing is not changed till next day at visit hour. Thè 
rule for changing the dressings is therefore: Change if 
discharge is through at the visit hour, or if there be any other 
reason for it ; if not, leave the dressing till next clay at visit, 
and then follow the same rule. 

Never leave a dressing unchanged longer than a week. By 
that time most of the carbolic acid has passed off by evapora-
tion ; and therefore, if the discharge once came to the edge, 
putrefaction could spread inwards with great rapidity. And it 
would not be necessary for the discharge to appear at the edge 
in order to have putrefaction of the wound, for the sweat 
collecting beneath the dressing permits the multiplication of 
septic particles in it, and thus they may reach the wound. 
Where a dressing is to be left on for a week, it is well to use 
the salicylic cream in the way before described. 

Such is the general method of using carbolic dressings; 
special modifications will be noticed presently. Let me pass 
on in the meantime to the general points as to boracic 
dressings. 

Let us suppose that a patient is admitted with a foul ulcer 
of the leg : how is he to be treated ? If he were to be treated 
with carbolic dressings, the ulcer would very probably remain 
foul, or even though it ultimately became free from odour it 
would heal excessively slowly. Hence, Mr. Lister first purifies 
the sore, and then dresses it with boracic acid. 

To purify the sore, chloride of zinc, 40 grs. to the ounce 
of water, may be used. This is applied thoroughly to the 
whole surface of the sore, and at the same time the surrounding 
skin is well purified by thoroughly washing it with 1-20 carbolic 
lotion, which is employed on account of its special power of 
penetrating the epidermis. When this has been done, a piece 
of protective, dipped in boracic lotion and slightly larger than 
the sore, is applied over it, and outside this is placed one or 
two layers of moist or dry (it does not much matter which) 



boracie lint, of sufficient size to cover the protective well in 
all directions. There is the same objection here to allowing 
the protective to project beyond the edge of the dressing 
as in the case of the carbolic dressings. Lately, instead of 
applying the chloride of zinc solution, which causes consider-
able uneasiness, iodoform has been powdered over the whole 
surface of the ulcer, and it has been equally successful. The 
chloride of zinc or the iodoform need only be applied once; 
but should putrefaction not be eradicated, the application is 
repeated. 

This dressing is changed next day, but afterwards, as a 
rule, it only requires to be changed every two or three days, or 
indeed at longer intervals, provided that there is not much 
discharge. That is to say, as there is a very large store of the 
antiseptic in the lint, and as it is but slightly soluble at the 
temperature of the human body, the discharge may go through 
the dressing many times without washing out all the antiseptic. 
At the same time it is found as a general rule that the wound 
heals most rapidly when the dressing is changed once in three 
or four days. 

At the changing of the dressing no spray is required. The 
bandage (which may be a common cotton bandage, if preferred) 
having been removed, the dressing is taken off and the wound 
well washed with boracic lotion. Any septic dust which falls 
on the wound during its exposure is destroyed by giving the 
wound a final wash with the lotion before applying a fresh piece 
of protective and boracic lint. 

This boracic dressing is not used for wounds which are not 
quite superficial, because the acid is not volatile, and because 
it is but a feeble antiseptic; but when once a wound has be-
come quite superficial, it will heal more quickly if treated with 
boracic dressing. 

In some cases, more especially where the sore is septic,, or 
where the patient dresses it himself, boracic ointment is prefer-
able to protective, and where the sore is healing, the half-
strength ointment is the best. Outside the ointment a piece 
of boracic lint is applied as usual. Of late, salicylic ointment 
has been used, and found to answer, as a rule, better than the 
boracic. It is less irritating, and permits healing more readily-

/ 

A eucalyptus ointment has been employed quite recently, and 
has given excellent results. 

When the effects of a poultice are wanted along with an 
antiseptic effect, the boracic lint is applied like water dressing. 
A suitable piece of the lint moistened in boracic lotion is ap-
plied, and outside this a larger piece of macintosh or gutta-
percha, overlapping the lint, in all directions. 
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CHAPTER V. 

ASEPTIC SURGERY—(continued). 
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I SHALL now describe the special methods of dressing and other 
precautions required in different situations. 

In operating on the scalp the hair must be shaved for some 
distance around the wound, and the hair beyond ought to be 
soaked with carbolic lotion 1-20. If the incision be m the 
centre of the scalp, or, in other words, if there be a circle of 
hair all round it, it is better not to use protective at all. Ifie 
dressing in such a wound is fixed by the ordinary capellme 
bandage. Where the wound is more or less to one side, the 
dressing must extend downwards on the neck, and it is then 
well to have a narrow elastic bandage along the edges, move 
especially around the neck. In the neighbourhood of the ears, 
the various cavities in the ear, and the space behind it, must 
be filled up with gauze. 

Neck dressings have nothing very unusual about them, l 
dressing must be fastened round the neck. It must be pre-
vented from slipping down by a turn passing above the ears 

BREAST DRESSINGS. 

and around the forehead, and also by two vertical turns over 
the head, one transverse and the other longitudinal, these 
various turns being pinned together 
where they cross. To prevent the dress- / « p | fcr^V. 
ing from slipping up, turns are passed i ^ ^ C i ^ f t v 
under the axilla. A narrow elastic band- g P p f e g p 
age must be applied round the edge of ^ 
the dressing in this situation, for the 
movements of the head are extremely apt ~f 
to cause an interval between the skin J|8 
and the dressing (Figs. 39 and 40). £ M> 

Breast dressings are very important; I f | | f \ 
they are arranged in three different ways I S j 
according to the size and extent of the | || f 

No. 1.—Where an abscess of the f: 1| 
mamma is opened, or where some small ' || 
incision, not interfering with the form of ^ ^ 
the organ, is made, the dressing consists ' x 
of an ordinary gauze dressing covering FIG. 39. 
the whole mamma, some loose gauze This figure illustrates the gene-

being packed in in front and behind. ing/ontC'S. 
This is fixed by turns of bandage passing = T L i t 
round the body alternately above and 
below the organ, with straps over the theear' 
shoulder. The arm is placed in a sling. The edges are fixed 
by elastic bandage (Fig. 41). 

No. 2.—Where the mamma has been removed and the dis-
charge has become much diminished in amount, there may 
remain enough of room between the wound and the axilla for 
overlapping of the dressing. In order to fix the dressing and 
keep it well up in the armpit, it is split vertically at the 
axilla, folded over, and pinned on the top of the shoulder. It. 
is then bandaged securely, and an elastic bandage applied 
around the edges (Fig. 42). 

No. 3.—Where the mamma and axillary glands have been 
removed, or for the first few days after excision of the mamma 
alone, this arrangement is not enough, for it does not leave 
sufficient room for overlapping. The arm must therefore be 

H 
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included in the dressing. This is accomplished most con-
veniently in the following manner : - A large dressing is applied 

F L F . 4 0 T O SHOW THK ARRANGEMENT OF T H E TURNS OF BANDAGE OK 
L L T " XHE H E A D SEEN FROM ABOVE. 

posteriorly, reaching behind as far back as the middle line, 
and folding over the arm so as to touch .the thorax in front, 

F I G . 4 2 . — B R E A S T DRESSING 
NO. 2. 

F L G 4 I . — D R E S S I N G A P P L I E D IN A 
CASE OF ABSCESS OF T H E M A M -
MA (BREAST DRESSING NO. 1 ) . 

The position of the drainage tube is indicated 
by dotted lines. 

the arm being applied to the side. This dressing must be 
broader than the length of the upper arm from the top ot 

the shoulder to the tip of the elbow, the overlapping parts 
being caught by the turns of bandage passing over the 
shoulder and round the body respectively. To prevent the 
internal condyle from suffering from the pressure, a large 
mass of gauze is applied behind the arm, extending downwards 
almost to the condyloid region, but not reaching quite so far. 
A mass of gauze is packed in between the arm and the side, 
aud in front filling up the angle between the arm and the 
thorax (Fig. 43). A smaller anterior dressing is then applied, 
narrower than the posterior, reaching as far forwards as the 
middle line or beyond it, and outwards to the upper arm, the 
edge of the anterior dressing passing beneath the edge of the 

F I G . 4 3 . — C A S E OF EXCISION OF T H E M A M M A . 

Back dressing lying ready for application ¡ showing also the deep dressing and padding in 
the axilla and behind the arm. 

posterior. Thus the side of the patient is completely encased 
in a gauze dressing. This is very easily bandaged on. One 
turn of bandage passes round the body outside the arm (Fig. 
44, 1) ; the second also passes round the body, but below the 
elbow (2), thus catching the portion of the dressing overhano-
|ng the elbow and also the lower edge of the front dressing; 
tbe next passes round the body and over the top of the 
shoulder on the side operated on, thus catching the portion 
°t tue dressing projecting above the shoulder (3) ; the bandage 
7 p a s s e s d o w n behind but parallel to the arm, turns round 

°W t h e e l b o w> ™ns obliquely upwards in front to the top of 
H 2 



the opposite shoulder (4), then obliquely back again behind the 
body (thus fixing the upper angles of the dressing in front 
and behind) to the middle of the arm, over which it passes 
obliquely downwards (5), to go under the wrist and end at the 
top of the shoulder (6)—in this way completing the fixing of 
the dressing to the arm, and at the same time acting as a sling 
for the hand. A bandage six yards long generally does this 
exactly. 

Pins are now inserted at all the necessary points, more es-
pecially where the bandage passes over the shoulder and under 
the elbow. The arm and dressing are then fixed securely to 
the side by a binder of calico, broader than the length of the 

I ' M . 4 4 — D R E S S I N G S APPLIED A F T E R EXCISION OF MAMMA AND AXILLARY 
GLANDS, TO SHOW T H E ARRANGEMENT OF T H E DRESSINGS AND BANDAGES. 

The turns of bandage are numbered, and arrows are placed on them to show the direction in 
which they run. 

upper arm, passing round the body, below the axilla of the 
other side, and pursed up and pinned above the shoulder, and 
below the elbow of the included arm. Thus perfect rest is 
procured, and no elastic bandage is required. 

When the axillary incision is soundly cicatrised, and the 
discharge has become small in amount, the axillary dressing or 
the breast dressing No. 2 may be applied, the arm being 
simply supported in a sling. 

An axillary dressing must be applied partly to the chest 
and partly to the upper arm, and made to fold over the top of 
the shoulder. It requires an elastic bandage (Fig. 46). 

Elastic bandage is not as a rule required for dressings on 

the extremities, because the limb operated on is generally 
placed on a splint for a few days, in order to procure absolute 
rest till healing by first intention is complete. Thus the 
movements which it is the function of the elastic band to 
neutralise are avoided, and the constriction of the elastic is 
also avoided. With regard to this constriction, however, the 
elastic need never be applied so tight as to produce cedema; 
indeed, I have more than once seen cedema which was present 
before an operation subside afterwards, even although an elastic 
bandage was used. Where the patient is allowed to move the 
extremity—as, for instance, when he is allowed to walk after a 
small operation on the lower extremity—an elastic bandage is 

FIG. 4 5 . — B I N D E R APPLIED OUTSIDE T H E DRESSING REPRESENTED IN 
FIG. 44, s o AS TO KEEP T H E PARTS AND DRESSING A T REST. 

absolutely necessary. In the case of the lower extremity, the 
padding at the upper part of the splint should be covered with 
macintosh, and the foot of the bed should be supported on 
blocks. In this way all the discharge flows upwards, and as it 
cannot soak into the padding of the splint, it is shed on the 
draw-sheet soon after it has reached the edge of the dressing, 
and thus one can ascertain accurately whether or not it is 
necessary to change the dressings. 

The dressing required for psoas abscess opened above Pou-
part's ligament is one of the most important dressings, as well 
as one of the simplest illustrations of the method of applying 
the elastic bandage. I may say here with regard to this method 
of opening psoas abscess above Poupart's ligament that there 



are two reasons for choosing this situation. In the first place, 
the old rule that these abscesses must not be opened early is 
now done away with, and under truly aseptic treatment, as 
soon as fluctuation is detected, an operation is performed of a 
similar nature to that for tying the external iliac artery, and 
the abscess is opened after a careful dissection. The sooner the 
abscess is opened the better, for the abscess cavity is thus 
smaller than if the surgeon waits till the pus has burrowed its 
way into the thigh; and, further, so long as the pus is there 
it irritates by its tension, and thus keeps up the chronic m-

F I G . 4 6 . — D R E S S I N G IN CASES OP OPERATION ON TIIE AXILLA ALONE. 

In this case an abscess has been opened anil the position of the drainage tube is indicated by 
dotted lines. The edge of the dressing has also been dotted in. 

flammation in the spine. This, then, is one reason why the 
opening leading into these abscesses is generally above Pou-
part's ligament. Another is, that even supposing the abscess 
to be pointing in the thigh, it ought to be opened as far as 
possible from sources of putrefaction, and the most convenient 
place in this respect, as well as the best for the attachment oi 
a dressing, is the neighbourhood of the anterior superior spine. 
I shall hereafter discuss the reasons why it is thought best by 
some surgeons, more especially by Mr. Chiene, to try to get « 

at these abscesses from behind either by perforating the ala of 
the innominate bone or by getting at the pus above the crest 
of the ilium. Such a method has advantages both by pro-
viding a dependent opening, and also by leaving a shorter 
channel between the seat of the disease and the cutaneous 
surface. 

The dressing applied when the opening is in the neighbour-
hood of the anterior superior spine extends from the middle line 
in front to the middle line behind. It reaches as high up as the 
lower border of the ribs and as low as about three inches 
below Poupart's ligament. Special masses of gauze are placed 

The position of the drainage tube is indicated by dotted lines. 

U1 the neighbourhood of the pubis, which is also shaved on 
that side. The dressing is fastened on by a spica bandage with 
circular turns around the thigh and abdomen. The elastic 
bandage is applied accurately to the edge. It begins, say, 
at the upper and anterior angle of the dressing, runs vertically 
downwards along the anterior edge; then, passing back round 
the inner side of the thigh, it encircles the thigh, thus fixing 
the lower border ; then it runs vertically upwards behind till it 
reaches the upper posterior angle; then, being held there, it is 
carried round the abdomen. The two ends of the two vertical 
pieces are fastened to the circular piece by pins, and pins are 
also applied at all the angles and along the edge where neces-

FIG. 47. DRESSING IN A CASE OP PSOAS ABSCESS OPENED ABOVE 
•POUPART'S LIGAMENT, SEEN FROM THE FRONT. 



sary. In some deformed persons shoulder straps are necessary 
to prevent the dressing from slipping down (Figs. 47 and 48). 
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F I G . 48. PSOAS ABSCESS DRESSING ( F I G . 4 7 ) , SEEN FROM BEHIND. 

F I G . 4 9 . DRESSING IN A CASE OF L U M B A R ABSCESS, SEEN FROM BEHIND 

In abscess of the hip-joint the arrangement of the dressings 
is much the same as in psoas abscesses, except that they pass 
lower down and not quite so high up. As a long splint is 

In lumbar abscess straps must pass over the shoulders to 
pi event the dressing from slipping down, and between the 
Uughs to prevent it from slipping up (Fig. 49). 

generally in use, an elastic bandage is unnecessary, unless in 
children (Fig. 50). 

Where abscesses are opened near the top of the thigh on 
the inner side, and are thus pretty near sources of putrefaction, 
large masses of gauze must be applied between the orifice and 
the perineum, and an elastic bandage carefully fastened along 
the upper edge. 

In operations for hernia, varicocele, and on the scrotum, 
in the male, there is one form of dressing which is generally 
applicable. In the first place, no protective is used, on account 
of the immediate vicinity of sources of putrefaction, as has been 
previously explained. The gauze applied to the wound, instead 

FIG. 50 .—DRESSING IN A CASE OF HIP-JOINT ABSCESS, W I T H ELASTIC 
APPLIED. 

The dotted part shows the position of the wound. 

of being merely wet with carbolic lotion, is steeped in 1-5 or 
in 1-10 solution of carbolic acid in glycerine, and this is 
wrapped around the penis and over the scrotum. This gauze 
sticks to the skin and does not become detached with the 
movements of the body, while it is more powerfully antiseptic 
than the ordinary carbolic gauze. Then a mass of gauze is 
rolled into a ball, and this is suspended in the centre of a long 
strip of gauze. The ball is placed in the perineum behind 
the scrotum, and the strip of gauze passes up in each groin. 
This strip retains the pad in position (Fig. 51). The pad 
serves the double purpose of supporting the scrotum and re-
ceiving the discharge, which passes chiefly downwards. The 



hollows having been filled up with loose gauze, the general 
dressing is applied. A hole is cut in this dressing towards the 

F I G . 5 1 . — D E E P E R P A R T OP T H E HERNIA A N D SCROTAL DRESSINGS. 

Left side of scrotum covered with gauze soaked in carbolised glycerin». Mass of gauze in the 
perineum enclosed in a roll of gauze. 

passes over the scrotum and over the perineal-pad, and is 
by a double spica bandage (Fig. 52). The pad in the peri-

upper border, and the penis is passed through this hole, and 
thus helps to keep the dressing in position. The dressing 

F I G . 5 2 . — D R E S S I N G IN A CASE OF OPERATION FOR HERNIA, OR ON THE 
SCROTUM ON THE LEFT SIDE, SHOWING THE ARRANGEMENT OF THE 
DRESSING A N D ELASTIC B A N D A G E . 

ileum is fixed there by a St. Andrew's cross. The elastic band-
age is applied iu the form of a St. Andrew's cross in the peri-
neum, and of a double spica (Fig 53). The bandages, dress-
ing, and perineal pad are carefully pinned together in the 
perineum. 

The methods of managing excisions of joints, operations for 
ununited fractures, etc., in the lower extremities, are very im-
portant. Here perfect rest must be combined as far as possible 
with the aseptic treatment, For two or three days after an 

FlGSH0™ETlSf M l . ™ I A C A S E S 0 R I H OPERATIONS ON T H E SCROTUM, 

S i n E ^ N 6 E M E N T T H E ß A N D A G E S » ™ 

operation it is better to change the dressing, which is the 
ordinary gauze dressing applied round the limb, simply by lift-
ing the limb, because there is generally a large amount of 
woody and serous oozing at first. After a few clays this 
oozing has become much diminished in amount, and the 
messing is then accomplished in the following manner:—A 
«ochs splint is padded above and below the situation of the 
ound, the part opposite the wound being left unpadded. The 

nlnt? A a n d p a d d i n S i s c o v e r e d w i t h * P^ee of macintosh 
•otii, and is firmly fixed to the posterior aspect of the limb 

<°o\e and below the situation of the wound. Behind the 
' a t t h e P a r t where the padding is deficient, masses 



F I G . 5 1 . — S P L I N T FOB EXCISION OP KNEE, READY FOR APPLICATION. 
The splint is padded at the upper and lower parts, and the splint and padding are covered with 

a piece of macintosh cloth. The space opposite the knee is filled with masses of gauze 
arranged transversely and superficial to the macintosh. 

of the old pieces, and then the old piece being pulled out the 
new is pulled in, and thus the limb is never left without 
support (Fig. 55). Over the front of the limb an ordinary 
gauze dressing of suitable size is applied. 

of gauze of sufficient thickness are arranged transversely and 
superficial to the macintosh. These pieces are three or four 
or more in number, and they act as padding for the splint, 
and at the same time as an antiseptic dressing (Fig. 54). 
When the dressing is changed, a piece of gauze is pinned to each 

This shows the method of changing the dressing. In the first way described a mass of game £ 
would be pinned on to the end of the old piece on the other side of the limb, so that as the 
old piece is pulled out the new is pulled in, or it may be arranged in the second manner de-
scribed, and shown in Fig. 54—viz., a piece only extends to the middle line behind, and si 
soon as each is pulled out a fresh piece is pushed in. 

Another more convenient way in which this may be 
managed with even less movement is to have each of tie 
masses of gauze mentioned in the former paragraph divided in 
the middle line, and thus the half of each mass is pulled out 
at a time and a new piece substituted (Fig. 54). 

F I G . 5 5 . — S P L I N T APPLIED IN A CASE OF EXCISION OF THE KNEE. 

Another way is to apply a wire splint next the skin, fix it 
there, and then apply the dressings outside. 

When the discharge becomes still less the limb may be put 
up in plaster of Paris, a window being left for dressing. 

Excision of joints is now, however, rarely performed, for 
with aseptic treatment an incision into a joint and the insertion 
of a drainage tube is generally sufficient in cases where formerlv 
excision or even amputation would have been required. Several 
advantages are thus gained, among the most prominent of these 
being absence of shortening of the limb (and this is most im 
portant m children), and often a certain and even a considerable 
amount of motion in the joint afterwards. 

It may be mentioned here that Mr. Knows ley Thornton in 
ovariotomy cases does not apply a bandage round the abdomen 
He fastens the dressing with adhesive plaster, and does not 
change it for a week, by which time healing is o-enerallv 
complete, except where the stitches are. 

Such are the chief points as to the application of antisent ,V 
dressings m different situation, I must now say a few wTrt 
as to the aseptic treatment of abscesses. 

I have already referred to the question of the necessity for 
a dependent opening, and I pointed out that, as the d 2 W e 
from an abscess treated aseptically is not irritating L Z 8 , 
P « , it does little harm L a though 

P T t 0 ^ ° U t t h r o ^ h * dependent 
In fact, aseptic surgery has altered the relative importance S 
the questions to be considered in selecting a situation W mmmrn 
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I saw a striking example of this in Edinburgh several years 



ago. A boy was admitted into the infirmary with retropha-
ryngeal abscess connected with occipito-atloidean disease. The 
abscess was on the point of bursting into the pharynx. Mr. 
John Chiene, who had charge of the case, instead of opening 
the abscess at the only place where it was pointing, viz., in the 
pharynx, cut down behind the sterno-mastoid, and burrowed into 
the abscess cavity from behind. The abscess followed a typical 
aseptic course, and the patient recovered completely. Thus 
then the great rule in selecting a situation for opening abscesses 
is to make the incision as far as possible from sources of 
putrefaction. 

When opened, instead of dealing tenderly with the pyogenic 
membrane as was formerly done under the impression that it 
was a hurtful thing to injure it, we now empty the cavity 
thoroughly, especially in the case of chronic abscesses, in order 
to get out all curdy masses of pus, &c., which may have gravi-
tated to the bottom of the abscess. When this is done oppor-
tunity is given for the rapid adhesion of the greater part of the1 

wall of the abscess cavity, and thus in a very short time there 
is merely a sinus left leading down to the seat of disease. 

There is no necessity for washing out the cavity of an 
abscess, as is done in so many quarters. To do so is simply to 
irritate the pyogenic membrane unnecessarily without securing 
any corresponding benefit. Indeed, it might give rise to such 
an amount of oozing from the wall of the abscess as would wash 
out all the carbolic acid from the dressings in a very short 
time, and thus lead to the putrefaction of the discharge. The 
treatment by hyperdistension, while erroneous in theory, is 
very dangerous in practice, as the fluid may be forced into the 
cellular tissue, and lead to diffuse inflammation and even 
gangrene, or to carbolic acid poisoning and death. 

The greatest care must be taken in the drainage of abscesses. 
In the case of a large psoas abscess the surgeon should intro-
duce the largest sized drainage tube in the first instance. This 
tube may be changed for a smaller in a few days. It ought not 
to be removed for the first time till at least three days have 
elapsed since the abscess was opened, otherwise there may be 
great difficulty in replacing it. It should not be shortened till 
it is found to be absolutely impossible to get it in fully. When-

ever this is the case a piece must be cut off from the end. 
(Here I speak of chronic abscesses, an acute abscess heals in a 
week or ten days.) In some cases, where the same tube is 
left in for a week (where the case is only dressed once a week), 
some difficulty will be found in withdrawing it, owing to the 
granulations having grown in at the holes and holding it in 
position. In this instance the guide as to shortening is lost, 
because the tube cannot be pushed out; and therefore it will 
be found best in old cases to use a tube having holes only 
close to its inner end. This cannot be held, and is gradually 
pushed out as the sinus heals from the bottom. If on removal 
of a tube the discharge is found to increase in quantity, the 
tube must be reintroduced. 

As the incision into the abscess is merely large enough to 
admit the tube, there would be no reason for using protective; 
and therefore the wet gauze is applied directly over the orifice 
of the tube. A tube is the only form of drain suitable in 
these cases. 

The precautions required in order to ensure an aseptic result 
are precisely the same as in the case of wounds. 

In changing the dressings the same rules are followed as 
were formerly described with regard to incised wounds. Chronic 
abscesses, more especially abscesses connected with diseased 
bones, are extremely tedious ; but nevertheless, as a rule they 
ultimately recover. The same care must, however, be taken 
from first to last. It is never safe to change the carbolic 
dressing for a boracic one, however superficial the wound ap-
pears to be. In the case of spinal abscesses absolute rest in 
the recumbent posture must be maintained till healing is com-
plete ; and as the cases generally extend over many months it 
is well to warn patient and friends before commencing to treat 
the case. Whether the rule as to the maintenance of the 
recumbent posture may not be modified by the use of Sayre's 
jacket, or even without it, is now a question. Lately in two 
cases which had been under treatment for a long time, and in 
which all uneasiness in the spine had passed off, Mr. Lister 
allowed the patients to get up before healing was complete, 
and without any bad results. 

Empyema does particularly well under this dressing. I 



mention it, in order to state that a metallic drainage tube with 
a shield like a tracheotomy tube, and with lateral holes, is the 
best because the india-rubber tube may get compressed between 
the ribs or be too abruptly bent where it passes into the interior 
of the pleural cavity. 

There are some cases in which neither the gauze dressing 
nor the boracic can be employed, but which may nevertheless 
be treated aseptically. I refer especially to abscess in the 
perineum or by the side of the anus. 

Abscess in the perineum may be treated aseptically with 
very satisfactory results. The abscess is opened under the 
spray, and a piece of lint dipped in 1-5 carbolic oil or 1-10 
carbolic glycerine is introduced into the cavity to act as a drain. 
Outside this two or three layers of lint soaked in 1 -5 carbolic 
oil or 1 -10 carbolic glycerine are applied, and fixed with a T 
bandage. Should this become displaced or wet with urine, &c., 
the patient pours a little carbolic oil or glycerine over the 
wound and over the lint, and replaces the dressing. No spray 
is required in changing the dressings. On the third day a 
piece of lint dipped in carbolic oil is laid over the wound, and 
a pair of oiled forceps is slipped under the lint to seize and with-
draw the plug ; or the plug may simply be pulled out under 
the spray. Carbolic oil or glycerine 1-10 is then used for 
dressing, and when the wound has become superficial boracic or 
salicylic ointment is employed. 

The same method of dressing is employed in abscesses 
beside the anus. In this case, when the patient defecates, he 
holds aside the dressing, defecates past it, wipes the parts with 
1-20 carbolic lotion and then with 1-10 carbolic oil. He then 
soaks thè dressing with the oil, or applies a new dressing. 
(The glycerine and carbolic acid may also be used.) The result 
of this method of treating these abscesses is often excellent, 
fistula in ano being apparently often avoided when the abscess 
is taken in time. 

So much for wounds made by the surgeon and their treat-
ment. I now come to the consideration of wounds produced 
accidentally. Here the problem is different from and much 
more difficult than the former. In the cases we have just 

been considering we had merely to keep out the septic particles-
in the present instance these particles have already gained 
admission, and therefore we have not only to prevent the 
entrance of more but also to destroy those already present 

This is done by washing out the wound with 1-20 carbolic 
lotion, provided it be recent, i.e., made within twenty-four 
hours, and then treating it like a wound made by a surgeon 

This washing out of the wound must be done very 
thoroughly. It is best carried out by using a syrinx with % 
catheter attached to it. The point of the catheter\s intro-
duced into all the recesses of the wound and the 1-20 lotion is 
injected through it, and thus comes thoroughly in contact with 
all parts. There must be no attempt to distend the cavity as -
for instance, by shutting the orifice of the wound around 'the' 
syringe, for the fluid might be forced into the cellular tissue 
and lead to inflammation or even sloughing. The opening 
must be left perfectly free and enlarged if necessary. Should 
there be any shreds of tissue, they had better be cut off, and if 
there be much dirt ground into the tissue, it must be got rid 
of by means of a nail brush. The injection and the subsequent 
procedures are carried out under the spray. 

If the wound was made twenty-four to forty-eight hours 
before being seen, a stronger solution is employed, viz. the 1 -5 
^ t u o u s solution. This is used in the,1 s i e ' w a y ' as th^ 
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I have mentioned the methods to be employed when the 
wound is seen within the first forty-eight hours. It may be, 
however, that it does not come under notice till putrefaction 
already exists. In this case it may be purified by the intro-
duction of iodoform suspended in water by the aid of alcohol, 
or if superficial, by stuffing it thoroughly with lint dipped in 
1-5 carbolic oil. This dressing repeated for several days 
generally converts it into an aseptic wound. In most cases it 
is best to apply iodoform or the chloride of zinc solution. 

Certain special wounds call for attention. 
Compound fractures are the wounds in which this treat-

ment was first applied, and in which excellent results can be 
obtained. There are a few special points to be noted. In 
purifying the wounds great pains must be taken. Any dirt 
must be carefully scraped or scrubbed out. All blood clots 
ought to be turned out as completely as possible. The ends of 
the bones are cleaned, and if they cannot be returned or got to 
fit, portions should be sawn off. The ends may be tied together 
with silver wire. The parts ought to be well kneaded as the 
carbolic lotion is injected through the catheter, in order to 
diffuse the lotion as much as possible into all the recesses of 
the wound. No stitches are inserted, but on the contrary, free 
drainage by tubes is used. The same sort of dressings and 
apparatus are employed as in excisions. 

Wounds involving tendons, nerves, or muscles, are treated 
in the same manner as others, and the ends of the divided 
muscles, tendons, or nerves, ought to be stitched together 
with catgut, and the position of the part so arranged as to 
avoid dragging on these stitches. 

Wounds of joints are very important. When recent no 
operation (excision or amputation) is required in the first 
instance. As a rule the joint may be saved, and perfect move-
ment obtained by washing it out very thoroughly with carbolic 
lotion 1-20. The wound in the joint is enlarged if necessary. 
Where several hours have elapsed since the accident ( m o r e than 
eight or ten hours), it is well to employ the spirituous solution. 
A drainage tube is introduced into the joint, but no stitches 
are used. After a few days, when the discharge has diminished, 

the drain is removed. In about three weeks, or earlier, passive 
motion ought to be begun, otherwise the adhesions outside the 
joint may become so strong as to require to be broken down 
under chloroform. 

Compound fractures of the skull are treated in the same 
manner as compound fractures elsewhere, purification being 
attempted with 1-20 carbolic lotion. The dura mater may 
be freely dealt with without fear of inflammation, for the 
irritation of carbolic acid is only very trahsient. Bleed-
ing vessels are secured by catgut. Should one of the great 
sinuses be wounded, a graduated compress of catgut arrests the 
hemorrhage satisfactorily. This I have known to act very well 
m a case of wound of the longitudinal sinus, occurring durino-
the operation of trephining over the seat of an old injury. 

Wounds penetrating the thoracic cavity are much more 
difficult to treat. Should the wound penetrate the lung and 
should the lung protrude, the exposed parts and those around 
are purified with carbolic lotion 1-20. In deciding as to the 
returning of the injured lung and the stitching up of the wound, 
the surgeon must be guided by the circumstances of the par-
ticular injury. In some cases, if the wound in the lung were 
superficial, the edges of the divided visceral pleura might be 
stitched together with fine catgut, the lung returned, and the 
ertemal wound closed. Where a large bronchus is injured it 
might be better practice to leave the lung in the wound, and 
leave the wound open. 

wh Z h T f ^ iS m e i ' e I y a W ° U n d ° f t h e P a r i e t a l P leura> and 
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Where the intestines protrude, they ought to be carefully 



bathed in warm carbolic lotion 1-30 or-even 1-20, and if there 
be no injury of them in any part they may be returned. If 
they are cut, the gut may be stitched with catgut by the 
glover's suture. -

If the omentum protrudes, opinions vary as to the treat-
ment When it can be returned do so after thorough purifica-
tion, and then stitch the abdominal walls, including the perito-
neum, close together. Where, from adhesion or other sufficient 
cause, this cannot be done, or where the omentum is very 
dirty I should, from a research into the consequences of un-
returned omentum by Dr. Kenneth McLeod, of Calcutta, con-
sider it the safest practice, especially in the case of a person 
with strong muscular parietes, to stitch the deepest parts of 
the omentum to the deep part of the wound, cut off the 
remainder and close the skin over all. 

If internal hemorrhage is going on, apparently from the 
mesenteric vessels, the wound maybe enlarged and the bleeding 
point sought for. Simon advised that in bleeding from the 
kidney, the injured organ should be excised ; this suggestion 
was never put into practice, but nevertheless it is one well 
worth bearing in mind. 

Such are the chief points to be attended to in recent 
wounds; there remains for consideration the class of cases m 
which putrefaction has been present for a long time. I refer 
to cases of putrid sinuses, generally connected with diseased 
bones or joints. An attempt may be made to purify these 
during the course of an operation, and sometimes when the 
sinuses are few and uncomplicated, and where all the dead bone 
is removed, this attempt may be successful. The sinus is 
scraped out with one of Volkmann's sharp spoons (Fig. 56), and 
all the granulation tissue, as far as possible, removed. The 
raw surface of the sinus, &c., is then washed out with the 
chloride of zinc solution, which is applied thoroughly to all 
parts, and a gauze dressing is used, in the hope that putre-
faction has been thus eradicated. The spray should be employed 

during the whole procedure. 
If this is successful, well and good. If not, boracic oint-

ment (at first full strength, afterwards half) or salicylic omt-

ment, covered with boracic lint, is the best dressing, indeed, it 
is the best dressing in all cases where strict aseptic measures 
are inapplicable. 

The.aseptic treatment of burns varies according to the 
degree and extent of the injury. In any case, unless where 
the burn is very extensive and where the parts are extremely 
dirty (necessitating scrubbing of the surface and consequent 
shock, and also risk of carbolic poisoning), an attempt should 
be made to purify the surface with 1-20 carbolic lotion. This 
having been done, if the surface is small, boracic ointment (full 
strength) and boracic lint form a convenient dressing. When 
the extent of the burn is greater, wet boracic dressing (wet 
boracic lint used as water dressing—covered by gutta-percha 

FIG. 56. T w o FORMS OF SHARP SPOONS, A LARGE ROUND ONE A ^ D A 
SMALL OVAL ONE. 

tissue or macintosh) is the most suitable. The wet boracic 
dressing is also applied in those cases where, on account of the 
ex eat of the burnt surface and the amount of dirt, purification 
with carbolic acid is not advisable. Where the surface is 
th roughly charred and where the wound is not very extensive, 
bomcic ointment or carbolic oil 1-10 are the best dressings! 
The objection to carbolic oil, which was formerly used in all cases. 

¡ £ 5 « s i t r * 0 9 is large>there may be a fatai 
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The rules as to the treatment of gangrene are altered in 



aseptic surgery, and this is more especially the case with senile 
gangrene. Should symptoms of senile gangrene set in, say in the 
lower extremity, the skin of the foot, toes and leg, are 
thoroughly cleansed with 1-20 carbolic lotion. This must be 
done very efficiently. All the folds about the nails, &c., must 
be carefully cleansed and washed. This having been done, the 
whole limb and foot are enveloped in a large mass of carbolised 
cotton wool (carbolised in a 1 per cent, ethereal solution of 
carbolic acid). This being pure in its substance, and being 
applied over a pure surface, completely shuts out causes of 
putrefaction. The carbolic acid soon flies off, and then the 
cotton wool acts simply as a filter, while it protects the part 
from unequal pressure and retains the heat. This may be 
kept on for any leng th of time, and so long as discharge does 
not extend to the surface or the gangrene above the limits of 
the dressing, the part remains sweet, and very often the gan-
grene, which in the first instance threatened to involve the 
whole leg, becomes limited, and there may even be merely a 
small cutaneous slough. In any case, as a rule, the gangrene 
does not go on spreading as it does when treated in the usual 
manner, and for this reason:—Suppose that the part is not 
treated aseptically, the tissue at the edge of the dried gan-
grenous mass becomes putrid, the living tissue in the neigh-
bourhood is very weak, the putrid material acts on it like a 
caustic, destroys its vitality or excites an inflammation which 
kills it, and so the gangrene goes on spreading, till at length 
parts are met with of sufficient vitality to resist this action of 
the putrid materials. Then a line of demarcation is formed. 
On the other hand, when the gangrenous parts are not putrid, 
the weak parts in the vicinity, which would to a certainty 
have died in the former case, retain their vitality and gam 
strength. Thus also the rule of never amputating in senile 
gangrene, except to trim a stump formed naturally, is done 
away with, and it is generally better to amputate as soon as 
it is clear to what extent the tissue is dead, rather than to 
subject the patient to the continual pain and irritation arising 
from the presence of the dead piece. The same reasoning 
applies to cases of traumatic spreading gangrene. This is 
only one instance of how completely many current ideas as 

to surgical pathology and treatment are reversed, when means 
are taken to render the dust of the atmosphere inert before it 
reaches a wound. 

In treating nsevi great benefit is obtained from the in-
jection of pure carbolic acid. The nasvus is first thoroughly 
cut off from the circulation by ligatures tightly applied around 
its base, and then half minims of pure carbolic acid are in-
jected into various parts of the tumour. Ten minutes or so 
having been allowed to pass, in order to ensure complete and 
firm coagulation, the ligatures are divided and removed, and the 
punctures are touched with collodion. The surface being left 
completely dry, any slough which forms becomes absorbed or 
separates as a crust after some time, the part beneath being 
found to be a scar. 

The same method answers excellently in the treatment of 
varicose veins. A tourniquet having been firmly applied around 
the upper part of the limb in order to arrest the circulation, 
the vein is punctured at various parts, and half minims of car-
bolic acid are introduced into it. The tourniquet is kept on 
for ten minutes after the injection is completed. Coagulation 
and a slight degree of inflammation are thus induced, but this, 
so far as I have seen, never goes to any dangerous extent, and 
is followed by at least temporary cure. I have not known 
any case return with reformation of varicose veins. 

A dissection or post-mortem wound does not give rise to 
bad results if the wound be instantly purified with 1-20 car-
bolic lotion. 



CHAPTER VI. 

ASEPTIC. SURGERY—MODIFICATIONS. 

Country practice : How to dispense with the spray during the operation—and 
during the after-treatment: Sow to render the dressings less frequent. Is 
the aseptic method applicable in war? Mr. Lister's suggestions: 
Jis march's plan : Reyher's method. Development of Aseptic Surgery in Mr. 
Lister's hands : Compound fractures—Pure carbolic acid—Formation of 
crust—Carbolic putty—Lead plaster—Lac plaster, syringmg wounds with 
ccvrbolic lotion, protective, catgut ligatwes, method in 1870—Present method 
in the main introduced in 1871—Further introduction of wet gauze, steam 
spray, elastic bandages : abscesses—Method of opening them under carbolic 
oil: wounds. 

SUCH are the methods usually employed in carrying out the 
Listerian principle in hospital or in private practice. It is, 
however, said to be difficult of application to country practice, 
and we must therefore enquire in what way it can be made 
easier. The difficulties urged are that the spray is too heavy 
to carry: that it is not always easy to return a long distance to 
see a patient on the day after the operation, and that the dress-
ings are too expensive for the lower classes. We must there-
fore, in some way or other, render the dressings very infrequent, 
so as to avoid expense and unnecessary visits, and we must try 
to dispense with the spray. 

In the first instance in going to perform an operation or to 
treat a wound, the surgeon takes instruments with him, and he 
may, without any additional trouble, easily add a spray to the 
contents of his bag, and this spray may be left at the patient's 
house, and brought home again after the first dressing. But, 
suppose the surgeon has not a spray at hand. What is to be 
done ? Well, he must use all the other precautions before 
described, and wash out the wound frequently with 1-40 
carbolic acid lotion during the operation, and while the stitches 

are being inserted; and then, before the piece cf wet gauze is 
applied, he may distend the wound with the same lotion,'the 
wet gauze being applied while this is still flowing out. At 
the same time I cannot see that, in the great majority of cases 
it can be any great hardship to carry a spray to an operation. 

Dining the after-treatment a spray is not necessary. The 
spray may be rendered unnecessary during the after-treatment 
in two ways. In the case where catgut stitches and catgut 
drains are used a deep dressing may be applied at the time 
of the operation, and may never require to be changed. 
This deep dressing is fixed down in some way or other, and is 
treated as a wound, the gauze being soaked with carbolic lotion 
every time the superficial dressing is removed, and then a 
piece of wet gauze larger than the deep dressing, and the 
general dressing are applied. Should it be necessary to remove 
the deep dressing, there is no necessity for the spray, if catgut 
drains be used, because there is no cavity into which air may 
pass. The deep dressing having been removed, carbolic lotion 
is allowed to flow over the wound till a guard is applied. 
Where a tube is used it is more difficult to do without the 
spray, for in that case there is an open orifice into which dust 
may fall, and be sucked into the interior of the wound, and 
further, when the tube is removed, air must enter to take its 
place. This may be avoided by the use of a syringe which 
constantly keeps a stream of carbolic acid lotion passino- over 
the wound and over the drainage tube, till a fresh dressing 
18 f P h e d - S h 0 1 l l ( 1 ^ be necessary to remove the tube it is 
well, m addition to this constant flow of lotion, to cover the 
onfice of the tube with a rag dipped in the antiseptic lotion, 
ihe best way is to take a guard soaked in carbolic lotion and 
ioWed m several layers, and place this over the orifice of the 

d Z T Th' ? X ' e n d i n g 0 n e a c h s i d e o f fOT a considerable 
i ance. The tube is now seized with a pair of forceps through 
" 2 aS f l - 1 1 - 1 out the rag is carefully tucked in 

l l e of ; r r C O m p e l t h e a i r ' a s f t P a s s e s to take the 
seems ^ t 0 t r a v e r s e t h e m ° is t guard. This 
seems o me better than the method of slipping in forceps 

7 out th t t u H t h e r s b e i l P I n t a k » i g out wire or silk stitches, the 



guard is pulled aside so as to expose the stitch, a little carbolic 
lotion is then dropped over the suture, and as the latter is 
withdrawn, a few drops of the lotion are applied to the orifice 
of the puncture. 

These methods—the use of catgut stitches and catgut 
drain, and the employment of a permanent deep dressing, 
together with the hints in cases where a drainage tube or non-
absorbable stitches are employed, suffice to render the. operator 
independent of a spray. 

Can we now render the dressings less frequent ? This may 
of course be done to a certain extent by applying a larger 
amount of gauze, but the best way is to use sponges in the 
interior of the dressing for the purpose of absorbing and retain-
ing the fluid. The deep dressing having been applied and 
fixed, a large sponge or several small ones are placed outside it, 
these sponges having just been wrung out of carbolic lotion; 
outside the sponges and extending well beyond them is a piece 
of wet gauze, and then the masses of loose gauze and general 
gauze dressing. In this way the discharge is retained in the 
interior of the dressing, and of course so long as it is there, 
and so long as the discharge has not reached the edge of the 
dressing, it is as safe from putrefaction as if it were in a pure 
flask. °By the use of these sponges several days may be 
allowed to elapse, in many cases, before the first dressing is 
changed, though it is well in every case to change the first 
dressing on the day after the operation. When the dressing 
is changed these sponges are squeezed thoroughly, washed in 
carbolic lotion 1-40, and reapplied. By the use of sponges two 
or three dressings suffice for the treatment of most operation 
wounds. 

By the use of salicylic jute in large masses, the same avoid-
ance of frequent dressings may be obtained, but this material 
is not very trustworthy as an antiseptic. 

Thoroughly purified cotton wool, which may be obtained 
cheaply by impregnating it with sulphurous acid fumes, ap-
plied in large mass may prevent the necessity of frequent 
dressing. 

By the means described, the difficulties in the way of the 
adoption of this system in country practice may be overcome, 

and instead of causing additional expense to a poor patient, it 
saves expense in many ways. The dressings required are so 
few that the price of the materials employed is not greater 
than that which would be necessary even if water dressing 
were used; and expense is saved in many other ways, as I shall 
mention in the latter part of this work, notably in the rapid 
healing, which is of course of the greatest consequence to the 
bread winner. 

Is the Aseptic method applicable in War ? 

In the 'British Medical Journal' for September 3, 1870, 
Mr. Lister describes a method for the use of army surgeons. 
He suggests that the wound should, as soon as possible after 
the injury, be thoroughly washed out with 1-20 carbolic lotion, 
the surrounding skin being at the same time purified. 
Bleeding vessels are secured by catgut, by torsion, or by car-
bolised silk. While the wound is full of lotion, extract the 
bullet, clothes, &c. Then cover the wound with two or three 
layers of oiled silk, smeared on both sides with carbolic oil 1-5. 
Over this apply layers of lint soaked in the l - o oil, overlapping 
the oiled silk for about three inches in every direction, and 
about a quarter of an inch in thickness. This is covered with 
gutta-percha tissue, and the whole is fastened on with a bandage 
soaked in carbolic oil. This is the permanent dressing. Out-
side this, another and larger dressing of oiled lint covered by 
gutta-percha tissue is applied daily. During the first day apply 
fresh oil to the outer cloth once in six or twelve hours. On 
the following day the outer dressing is changed, carbolic 
lotion being introduced under the edge, as it is lifted, by 
means of a syringe; or carbolic oil may be poured in. After 
the first dressing use the 1-10 oily solution, and later the 

20. On the second day oil is only applied once in twelve 
Hours, after that it is applied daily for five or six days, and then 
once in two days. 

In compound fractures use a wire splint next the deep 
ressmg, and apply the fresh superficial dressings outside the 

«ire. This splint need not be removed till union is complete, 
e oil being merely poured between the meshes when the 

dressing is changed. 
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APPLICATION IN WAR. 125 
Esraarch, in Langenbeck's ' Archiv,' vol. xx. p. 171, proposes 

another plan of treatment. 
lie points out that the new form of bullets passing quickly 

through the clothes may not carry into the wound any causes 
of putrefaction. Therefore, if the wound is not examined by 
dirty fingers or instruments, and if it be seen at once, it may 
in most cases be regarded as aseptic. Starting on this prin-
ciple, he suggests that each soldier should be provided with 
tampons of salicylic cotton, wrapped in salicylic gauze Fie-
57 represents the contents of the packet of-dressings which 
Esmarch proposes to supply to each soldier. At the front- when 
there seems any possibility of saving the limb, these tampons 
are introduced into the openings, and bandaged on without 
any preliminary probing or examination of the wound Any 
other necessary apparatus is applied, and the patient sent to 
the rear. At the rear the skin around the orifice is purified 
with some antiseptic lotion, and if there is any necessity to 
explore the wound, as for removing bullets, splinters, & c ' the 
tampon is removed under the spray, the wound washed out' 
and an antiseptic dressing applied. If there is no necessity 
or exploring the wound, the skin is merely purified, and 
hen a mass of salicylic jute or other antiseptic material is 

applied without disturbing the tampon. If putrefaction occurs 

purffy i t b e e n l a r g e d ' ^ U n a t t e m P f c made to 

m e t w T Z t i V e S T 7 b d l l g m ° r e a ^ l i c a b l e the aseptic 
method the necessity for primary amputation at the front is less 
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2 r ' 6 6 V l l s ° f iDvestigating the wound at the first 
Esmarch says : < So weit ich habe in Erfahrung br I n S ' 

^ S a l S ^ ™ 6 ' aseptisch verli^fen, auf 

soTdern I t t f ^ ^ g r M i c h - t e rsucht , ?rden'wahrend s°iche Falle ** 
oft oinen s o t vorgenommen war en, mir 

Esmar S " f ^ ^ V e r , a " f z i ' »ehmen schienen.' 
Esmarch s method has been put to the test by Dr. Reyher 



during the late Russo-Turkish campaign. His results were 
excellent, and will be referred to later on. He carried out the 
aseptic method in two ways, according to the nature of the 
injury and the treatment before the case came into the sur-
geon's hands. These are, either that the surgeon closes the 
wound without further treatment, merely disinfecting the sur-
rounding parts, or else that he cleans out and purifies the track 
of the bullet, and afterwards makes provision for free aseptic 
drainage. In the first instance healing occurs under a crust; 
in the second, under a moist and antiseptic dressing. 

The cases which are suitable for the first method of treat-
ment—treatment by a crust—are those in which the wound is 
small, where no clothing has been carried in with the bullet, 
where the edges of the wound fall together as where the 
wound is more or less valvular, and where no examination of 
the wound by finger, probe, &c., has been made. In such a 
case the surrounding skin is carefully purified, and an attempt 
is made to obtain a dry crust either by allowing the blood to 
dry, or by aiding the drying by applying charpie, gauze, &c.; 
or the wound may be covered by a mass of salicylic wool or 
carbolic gauze. Reyher lays particular stress on the avoidance 
of probing or draining such wounds. On the contrary, any 
communication with the outer world should be shut off as soon 
as possible. 

In many cases this ' occlusion' of the wound cannot be 
depended on, and the bullet track must be washed out, and 
treated in the way described under compound fracture, free 
drainage being carefully provided. This is chiefly the case 
where the missile has been travelling slowly, and where, conse-
quently, the wound in the skin is not so small nor valvular, and 
where there is more likelihood of articles of dress being carried 
in with i t ; where, also, as Reyher puts it, the wound is open 
and ' the air has not only entered but must enter again.' This 
treatment is also necessary in cases where wounds have been 
examined with unclean fingers or instruments before reaching 
the ambulance. 

It is thus evident that the spray is not required for the 
majority of cases, and indeed by following the lines previously 
indicated it may be entirely dispensed with. The gauze re-

quired for the dressings can be made in the vicinity, and for 
this purpose Reyher carried with him the machine for making 
gauze described in Chapter III., and had thus a constant supply 
of the freshly-prepared material. There is not much difficulty, 
therefore, with regard to the materials; the real question is 
how to have the cases treated aseptically from the very first. 
Reyher was able to overcome these difficulties by proceeding in 
the following maimer. In the first place, instructions were 
given that wounds were never to be examined at the front, 
either with fingers or instruments, nor was any attempt to be 
made to extract a bullet. The only exceptions to these rules 
were cases where blood-vessels were injured, though even in 
these it was generally possible to apply an Esmarch's elastic 
band to control the hemorrhage temporarily ; and cases where 
the projectile had passed into the large cavities of the body, 
and, without wounding the contents, had remained in the wall 
of the cavity. In such a case the bullet ought to be extracted 
at once, lest, it should fall into the cavity during the transit of 
the patient. ' For surgeons at the front there is only one line 
of treatment—to occlude the wound provisionally—to lay the 
wounded part in a suitable position on the litter, and to render 
it provisionally immovable. As provisional dressing the sali-
cylic balls recommended by Esmarcli are the best.' This 
method is chiefly suitable for cases where the soft parts alone 
are injured. Most of the serious cases can be attended to as 
a rule at the foremost ambulance. 

The more surgeons become imbued with the true principles 
of aseptic surgery, and the more thoroughly they grasp anti-
septic surgery in all its developments, so much the greater is the 
likelihood of obtaining aseptic results. Eeyher's results show 
strikingly what can be clone with the methods at present at 
o u r disposal. There can be no doubt that with improved 
methods and increased knowledge and experience, aseptic 
singery will soon be universally carried out in war.1 

It will be interesting now to trace the gradual development 
1 I'or a resume of the opinions of army surgeons on the best methods of 

„ " J ' l f r ' a S e p t i ° S U r g C r y i n War> s e e a l i t t l e Pamphlet by Surgeon-Major 
• iciiadew, Notes on Antiseptic Surgery in War. London: Eankcn & Co. 1881. 



of this system in Mr. Lister's hands. This will not only be 
interesting but instructive, as showing how aseptic surgery 
may be carried out in circumstances where spray, gauze, &c., 
cannot be obtained. 

The first cases in which the treatment was tried were com-
pound fractures, and the first attempt recorded by Mr. Lister 
was made in March 1865. This attempt was unsuccessful, as 
Mr. Lister subsequently believed, from mismanagement.1 The 
next case was a compound fracture of the tibia, caused by the 
wheel of a waggon passing over the leg. The external wound 
in this case was H inch long, and f inch broad. A piece of 
lint dipped in carbolic acid (which was at that time only got 
as an impure liquid known as German creosote) was placed 
upon the wound. Four clays later this lint was removed, and 
the wound dressed with lint soaked in water in which this im-
pure carbolic acid was diffused. Five days afterwards a solution 
of one part of carbolic acid in from 10 to 20 parts of olive oil 
was used for four days, and then ordinary water dressing was 
resorted to. 

The aim in this case was to form a crust consisting of lint, 
carbolic acid, and blood, which would protect the deeper parts 
from putrefaction. In this instance, however, the scab came 
off on the fourth clay, and in order to avoid this occurrence, 
Mr. Lister, in his next cases, applied a piece of lint dipped in 
pure carbolic acid as before, large enough to overlap the sound 
skin for a quarter of an inch all round, and covered with oiled 
paper, applying for the first four days outside this arrangement 
a piece of lint soaked in pure carbolic acid. The crust was 
left untouched till the eleventh day, and then water dressing 
was used. 

It now^became evident that, owing to the volatility of the 
carbolic acid, means were required to prevent its evaporation. 
Accordingly, in the next cases a layer of sheet lead or of block 
tin was applied outside and overlapping the crust. 

Up to this time there was no attempt made to purify the 
interior of the wound in the first instance. How was it, then, 
that no putrefaction occurred? Probably for the following 
reasons. It may have been that no septic particles had got 

1 Sec numbers of the Lancet for 1867. 

into the interior of the wound because the blood flowing con-
stantly out would prevent the entrance of solid particles, which 
would thus only be present if dirt was introduced at the time 
of the accident, or if much movement of the fragments oc-
curred afterwards, with consequent introduction of air. Further, 
if any septic particles were present they may not have been 
able to produce any effect in the presence of healthy living 
blood clot. (This will be discussed hereafter.) Lastly, the 
strong carbolic acid, though applied only to the surface, rapidly 
spreads into the interior even to a depth of one or two 
inches. 

The necessity for purifying the deeper parts of the wound 
soon became evident. A case was admitted in which, when the 
tissues around the wound were pressed, bubbles of air escaped 
along with the blood. Here Mr. Lister squeezed out as much 
of the clotted blood and air as he could, and then applied a 
piece of lint dipped in pure carbolic acid, slightly larger than 
the wound, and over this the piece of block tin. The crust 
was daily painted with carbolic acid, the tin cap being reap-
plied on each occasion. This treatment was continued for 
three weeks. 

This purification of the deeper parts was carried out more 
thoroughly in the next case, in which it was necessary to saw-
off a portion of the ulna, and here the whole of the interior of 
the wound was swabbed out with pure carbolic acid. In this 
case Mr. Lister first became acquainted with ' antiseptic sup-
puration,' i.e. suppuration due to the irritation of the anti-
septic applied. (The evil effects of the pure caustic carbolic 
acid in causing excoriation of the skin had been already 
noticcd.) 

Finding that no harm resulted from the free application of 
pure carbolic acid to the interior of the wound in the last case, 
the next which came under notice was more thoroughly treated, 
the contused parts being well manipulated and squeezed, so 
as to induce the liquid carbolic acid, which was introduced, to 
penetrate into all the interstices of the wound. At a later period, 
m o r d e r t 0 Permit cicatrisation, the crust was clipped away 
around the margin, and a solution of sulphite of potash (5 grains 
to the ounce) applied. 

K 



In future, the method of introducing strong carbolic acid 
into wounds by means of a piece of lint soaked in the undi-
luted acid, held in dressing forceps, was adopted. The blood 
clots were as far as possible removed. 

In order to obtain a more substantial crust and one less 
likely to be detached, in cases where there was too little blood, 
a paste was made use of, composed of starch, moistened with 
carbolic acid placed outside a piece of calico soaked in pure 
acid, and applied next the wound. As a rule, however, there 
is enough blood to form a substantial crust if several layers of 
calico are used. 

A great risk of putrefaction waŝ , all along experienced, 
owing to the fact that the pure acid could not be made to 
overlap the skin around the wound because of the excoriation 
caused by it. This risk was especially great in the first 
twenty-four hours, during which there was a profuse flow of 
blood and serum. Hence attempts were made to obtain some 
sort of dressing containing the acid in a more diluted form, 
and the first-fruits of these attempts was the formation of 
various pastes, of which the chief was long known as carbolic 
putty. This consisted of a 1 in 5 solution of carbolic acid in 
boiled linseed oil mixed with common whiting (CaC03), to 
the consistence of a firm paste or putty. This was then spread 
on a sheet of block tin, forming a layer of about a quarter of 
an inch in thickness. A piece of lint dipped in 1-5 oily solu-
tion was retained permanently next the wound so as to prevent 
its exposure during the changing of the dressings. The whole 
dressing was firmly fixed down by means of a continuous series 
of strips of plaster, which, however, were absent at the most 
dependent part, so as to allow the escape of discharge, which 
was received on a towel. After some time it was found better 
to apply this putty between two layers of calico, and then the 
block tin outside all. 

The advantages of this dressing are: the tin applied out-
side prevents the escape of the carbolic acid, the acid in the 
putty is just sufficiently diluted not to excoriate the skin, while 
the paste serves as a reservoir for the acid during the interval 
which elapses between the changing of the dressings, the dis-
charge, as it flows out beneath the putty, taking up only a 

certain amount of the acid in its course. If necessary the 
strength of the acid in the putty may be reduced. 

Its disadvantages are that it is clumsy and inconvenient 
to manipulate, and that it is very apt, when subjected to move -
ment, to crumble away, and thus become an uncertain dress-
ing. Attempts were therefore made to improve it, and recourse 
was had to various forms of plasters. The first of these was the 
lead plaster.1 

The following is the mode in which this is prepared : 
Take of olive oil 12 parts by measure 
„ „ litharge (finely powdered) 12 parts by weight 
„ „ beeswax 3 „ „ 
„ „ crystallised carbolic acid „ „ „ 

Heat half theoilover a slow fire; then add the litharge gradually, 
stirring constantly till the mass becomes thick or a little stiff. Then 
add the other half of the oil, stirring the mass as before, till it becomes 
thick. Then add the wax gradually till the liquid again thickens. 
Remove from the fire and add the acid, stirring briskly till thoroughly 
mixed. Cover up close and set aside, and let the litharge settle, then 
pour off the fluid and spread on calico. The large quantity of litharge 
in this mixture was introduced for the purpose of preventing the 
melting of the plaster at the temperature of the body. 

The wound was dressed with layers of lint soaked in car-
bolic oil, and this dressing was covered in all directions with 
the plaster. This plaster was renewed daily. 

As with the putty, so here, the deep dressing was apt to be-
come displaced, and therefore Mr. Lister used lead plaster as 
the outermost layer of the deep dressing, in the hope that it 
would adhere to the skin and prevent lifting of the edges of 
the dressing. In order to prevent the outer layer of the 
plaster from sticking to this inner portion, a piece of calico 
moistened in the watery solution was interposed. But though 
the plaster does very well for the outside layer, it does not do 
lor the permanent dressing, for it allows the watery solution 

11 t h e c a l l c o to soak through to the wound beneath. At the 
same time this deep layer, not having formed a crust, is apt to 

fc l t s l)lace> a n d ^ leave the wound more or less exposed. 

' Brit. Med. Journal. October 31, 1878. 
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Mr. Lister accordingly tried other sorts of plaster, and at 
length in shell lac he seemed to have found all that he wanted. 
This lae mixes in any proportion with carbolic acid, and is more 
or less fluid or tenacious, according to the quantity of acid 
present. The shell lac parts but slowly with its acid, and thus 
forms a good dressing. It is, however, very apt to stick, and 
in order to prevent this Mr. Lister interposed a layer of gutta-
percha between it and the skin. The carbolic acid passes 
through the gutta-percha with extreme readiness, while the 
latter° prevents the lac from sticking to the deeper parts. 
Gutta-percha tissue, however, proved apt to crack, and then 
the discharge got between it and the lac plaster, and thus 
the fluid beneath it received but little carbolic acid. Hence 
the same result happens with this cracked gutta-percha as when 
protective extends to the edge of the dressing—viz., a deep 
layer of the fluid is more or less protected from the action of 
the acid, and putrefaction can spread inwards. 

After several experiments he ultimately employed a solution 
of gutta-percha in bisulphide of carbon to brush over the 
surface of the lac plaster. 

The following is the method of preparing the plaster :— 
' Take of shell lac 3 parts 

„ „ crystallised carbolic acid . . . 1 part 
' Heat the lac with about one-third of the carbolic acid over a slow 

fire till the lac is completely melted, then remove from the fire and 
add the remainder of the acid, and stir briskly till the ingredients are 
thoroughly mixed. Strain through muslin and pour into the 
machinc for spreading plaster, and when the liquid has thickened by 
cooling to a degree sufficient, spread to the thickncss of one-fiftieth of 
an inch. Afterwards brush the surface of the plaster with a solution 
of gutta-percha in about 30 parts of bisulphide of carbon. When« 
bisulphide has all evaporated the plaster may be piled in suitable 
lengths in a tin box without adhering, or rolled up and kept in a 
canister.' 

For the permanent dressing in compound fracture adhe-
siveness is wanted, and this is obtained by rubbing off the 
gutta-percha and brushing liquid carbolic acid over the surface. 

At this time (1868) the necessity for protecting the healing 
parts from the direct action of the carbolic acid was beginning 

to be recognised, and Mr. Lister first speaks of the use of block 
tin or sheet lead as a protective. 

At the same time, having obtained a purer carbolic acid 
soluble in water, he gives up the application of the pure acid 
to the interior of the wound in compound fractures, and syringes 
it out with a solution of 1-20 instead. 

In the ' British Medical Journal : for March 19, 1870, a 
description is given of the method then used. The wound was 
in the first instance thoroughly syringed out with 1-20 carbolic 
lotion. Then oil silk covered with a layer of dextrin was applied 
in one or two layers, and outside this the lac plaster. If much 
discharge was expected lint or a towel was placed outside the lac 
plaster in order to absorb the discharge. Where the dressing 
was left undisturbed for a week two layers of plaster were used. 
Where a small piece of lac plaster was applied as a deep dressing, 
and where consequently the gutta-percha was rubbed off to allow 
the plaster to adhere to the skin, the gutta-percha was left at one 
part so as to afford a channel for the escape of discharge. 

In changing these dressings a solution of carbolic acid 1—20 
was thrown over the wound by means of a syringe, as the dressing 
was raised, and then a guard soaked in the lotion was applied. 

In 1869 catgut ligatures were introduced. 
The objections to the lac plaster are that the discharge 

putrefies outside the plaster and irritates the skin, that the lac 
keeps the surface beneath it moist with what is really a film of 
watery solution of carbolic acid, and this again makes its way 
under the protective and irritates the wound. 

Very shortly after the use of the aseptic method in the 
treatment of compound fractures it was applied to abscesses. 

The first publication on this subject appeared in the 
'Lancet' for July 27, 1867. The method of opening the 
abscess and of changing the dressings employed with the 
means at that time at disposal are very important with 
reference to the question of operating and dressing -without a 
spray. A piece of rag dipped in 1-5 carbolic oil is laid on the 
skin where the incision is to be made. The lower edge of this 
rag being raised, a knife dipped in the oil is at once plunged 
into the abscess, and the rag immediately dropped over the 
orifice through which the pus is pressed out, A piece of lint 



soaked in the oily solution is then introduced into the opening 
in order to stop bleeding and to prevent it from closing. This 
is done by slipping the strip of lint under the antiseptic rag. 
With regard to- the dressing, the putty is here described and 
used outside a deep dressing of carbolic oiled lint, a layer of 
calico being interposed between the putty and the deep dressing 
to prevent them from sticking together. The putty is changed 
once in twenty-four hours, or oftener if necessary. In doing so 
a rag dipped in the oily solution is placed over the wound or 
the deep dressing the instant the old putty is removed. If a 
plug of lint has been introduced in the first instance it is after 
a time (two or three days) withdrawn by pushing oiled forceps 
under the piece of oiled rag, seizing hold of the plug and 
pulling it out, the oiled rag being pressed thoroughly around 
the forceps. If a probe is introduced it must be oiled and then 
slipped in between the folds of the oiled rag. As the various 
means described under compound fracture were introduced they 
were applied to abscesses on the principles already described. 

The first example of efficient aseptic treatment in the case 
of wounds published by Mr. Lister will be found in ' The British 
Medical Journal' for October 31, 1868.1 The case narrated is 
one of operation for badly united Pott's fracture. 

' On the 11th inst. (April, 1868), the man being under the 
influence of chloroform, I made a curved incision behind and 
below the prominent end of the tibia, a solution of carbolic 
acid in four parts of olive oil being dropped into the wound 
during the progress of the operation. I detached the soft 
parts from the bone sufficiently to enable me to insinuate 
behind the callus one blade of a pair of cutting pliers smeared 
with the same oil, and then having placed pieces of lint soaked 
with the oil around the blades of the pliers, so as to prevent 
the chance of septic air entering the joint when the bone gave 
way, divided the callus, and at once covered the wound with the 
antiseptic lint. . . . The wounds were then dressed with a 
weak oily solution of carbolic acid, and covered with the anti-
septic (lead) plaster. Fresh plaster was applied daily.' 

I need not repeat the various modifications in the treatment 
1 Reports published during the same year by Drs. Heron and Mallocb will 

be found in the Glasgow Medical Journal. 

of wounds, as they are similar to those just described under 
compound fractures. 

In the 'British Medical Journal' for January, 1871, Mr. 
Lister first mentions the gauze dressings, and also refers to the 
use of oakum. The spray is also tried. In August, 1871, 
this method has been established, the present protective was com-
pleted, and macintosh was substituted for gutta-percha tissue 
below the outer layer of the gauze. The drainage tube is first 
mentioned in August, 1871, in the treatment of wounds, 
though it had been used for a short time previously in the case 
of abscesses. At that time the piece of gauze next the wound 
was not wet. It was some two or three years later that the 
necessity for wetting the deep layer was recognised, and since 
that time the results have been much more constant. With 
the introduction of the steam spray, of the elastic bandage, 
of the improved gauze, &c., there has been a marked improve-
ment in results, and the avoidance of putrefaction, in cases 
where the wound is made by the surgeon, is now reckoned on 
as a matter of course. 
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CHAPTER VII. 

ASEPTIC SURGERY—(concluded). 

Other methods of carrying out Aseptic Surgery. Substitutes for carbolic 
ac id : Salicylic acid: Thymol: Acetate of Alumina: Eucalyptus ml. 
Aseptic surgery by filtration of the air. Subcutaneous surgery. 

SUCH are the essential details of aseptic surgery as introduced 
and practised by Mr. Lister. The disadvantages arising from 
the irritating and poisonous qualities of carbolic acid have led 
some to seek other antiseptics as substitutes for carbolic acid. 
These attempts have not as yet, however, succeeded in producing 
any substance possessing so many advantages as that acid. 
The most successful substitute up till quite recently was 
salicylic acid, which is used on exactly the same principles, 
but not with the same constant aseptic results. 

The use of salicylic acid was first advocated by Professor 
Thiersch, of Leipzig, and the following is a short abstract of 
his method of using it. 

Salicylic acid is chemically nearly related to carbolic acid. 
Its formula is C7H603, differing therefore from that of carbolic 
acid in containing in addition the atoms of carbonic anhy-
dride. (The formula of carbolic acid is C6H60.) Salicylic 
acid is not poisonous, but it affects the hands in the same 
way as carbolic acid. It is absorbed, and may be found in the 
urine of patients whose wounds are dressed with it. 

A lotion of salicylic acid is employed. This is a saturated 
solution of the acid in water at the ordinary temperature, and 
its strength is about 1 part of salicylic acid to 300 parts o 
water. , 

Two materials are used as dressings—viz., salicylic wool ana 
salicylic jute. 

Salicylic wool is cotton wool impregnated with salicylic acid 
in the proportions of 3 and 10 per cent, by weight. 

The 3 per cent, wool is made by dissolving 750 grammes of 
salicylic acid in 7,500 grammes of spirit (83 sp. gr.). This 
solution is then diluted with 150 litres of water at the temper-
ature of 70°-80° C. 25 kilogrammes of pure cotton wool are 
saturated with this mixture. 

The 10 per cent, wool is obtained by dissolving one kilo-
gramme of salicylic acid in 10,000 grammes of spirit (83 sp. gr.), 
the solution being then mixed with 60 litres of water. Ten 
kilogrammes of pure cotton wool are soaked in this solution. 

This soaking is best done in a large wooden vat, in which 
the layers of cotton wool have plenty of room. It is best to 
place only small quantities of wool (two to three kilogrammes) 
in this vat at a time in order to get an equal distribution of 
the acid. Thin layers of cotton wool are introduced into the 
salicylic solution under light pressure, fresh layers being added 
only when the former have been thoroughly soaked. When 
the whole quantity has been introduced the mass is turned 
over, so that the undermost layer becomes the uppermost, and 
then it is left for about ten minutes, so as to have equable 
distribution of the fluid. The wool is then taken from the vat 
and spread out in layers. On cooling, the acid crystallises out, 
and the layers are made up into small parcels, not exceeding 
two to three kilogrammes each. After twelve hours this wool is 
spread out to dry in a moderately warm place. It should not be 
hung up, lest the acid should become unequally distributed. 

The 10 per cent, wool is coloured with carmine for the sake 
of distinction. 

It is important to note that Thiersch, in speaking of 3 per 
cent, and 10 per cent, wool, means wool soaked in the solutions 
of the strength described. The wool does not contain that per 
centage of salicylic acid. 

This cotton wool does not absorb fluids readily, and therefore 
Thiersch now uses jute. This is made from the bark of various 
species of Corchorus grown in Bengal, and is cheaper than 
cottonwool, and at the same time more absorbent. It is used of 
wo strengths-3 and 10 per cent, prepared in the same way 

as the salicylic wool. 



Glycerine is added to the solution in order to prevent the 
crystals of salicylic acid from falling out, because they are apt 
to produce violent sneezing, coughing, &c. 

In order to obtain the 3 per cent, jute 2,500grammes of jute are put 
into a solution of 75 grammes of salicylic acid,^ in 500 grammes of 
glycerine and 4,500 grammes of water at 70°-80° 0 . 

In the glycerine jute the acid is more equally distributed 
than in the cotton wool. In the case of the latter the cotton 
is frequently so imperfectly charged that it is necessary to place 
a layer of 10 per cent, cotton next the wound, and then outside 
this the 3 per cent. wool. In the case of the glycerine jute a 
4 per cent, material is sufficient for the whole dressing. 

As to the spray Thiersch does not care whether it is 1-50 
carbolic acid or 1-300 salicylic acid. Carbolic acid is to be 
preferred, because it causes less coughing and sneezing, and it 
does not adhere to the clothes. 

Salicylic acid is best in some cases, as it irritates the wound 
less than the carbolic. 

For disinfecting the hands and skin, carbolic acid or salicylic 
acid may be used, but for the instruments carbolic acid must 
be employed, because the steel becomes oxidised in a solution 
of salicylic acid. 

The sponges are washed in carbolic acid. 
No protective is required, because the salicylic acid is hut 

little irritating. 
Macintosh is also unnecessary. 
In order to enable the dressing to peel off and to let the 

discharge get away more easily a layer of gutta-percha tissue 
or of oiled silk riddled with holes and covered with a piece of 
gauze is applied next the wound. 

This treatment may be illustrated by a case of amputation. 
The patient having been chloroformed and Esmarch's elastic 

bandage applied, the part is shaved, washed with soap and 
water, spirit and turpentine oil, and then with salicylic acid 
lotion, or with the 1-20 carbolic acid solution. It is also 
scrubbed with a nail-brush for a few minutes (quite unneces-
sary). The operation is carried out with the usual aseptic 
precautions. After arresting the hemorrhage the wound is 

closed with deep and superficial stitches. A drainage tube is 
then introduced into each angle, and the wound is washed 
out with salicylic acid solution till the fluid which comes out 
is clear (unnecessary). Three finger-breadths of perforated 
gutta-percha and of carbolic gauze is then applied; over this 
one finger's thickness of the strong salicylic wool, and outside 
this two fingers' thickness of the weak wool. The whole is 
then fastened on with a bandage. 

If the patient complains of pain the dressing is changed 
and the wound examined. If not, it is left till the eighth or 
tenth clay, when it is changed, in order to remove the drain-
age tube. If any discharge comes through in the first instance 
fresh wool is put outside the dressing. The second dressing 
is left till healing is complete. 

Large compound fractures are treated at first by irrigation 
with salicylic acid. In order to protect the skin from maceration 
by the fluid it is from time to time rubbed with palm oil. 
After all risk of abscess formation has passed off and the wound 
is granulating well, one may apply dry salicylic dressing as 
before described. 

Where there is a tendency to inflammation, more especially 
where there is imperfect drainage with progressive abscess 
formation, wet salicylic dressing should be applied. This is 
ordinary salicylic dressing, which is from time to time soakecl 
with salicylic lotion. 

Thymol as an antiseptic application to wounds was intro-
duced some years ago by Eanke of Halle, and was much lauded 
on account of its non-poisonous and non-irritating qualities. 

The thymol gauze was made on the same principles as the 
carbolic gauze, spermaceti being, however, employed. A thymol 
solution of the strength of 1-1000 is made by the addition of 
alcohol and glycerine. 

This antiseptic has not answered the expectations entertained 
at. first. It does not prevent putrefaction, and has been justly 
abandoned in aseptic work. 

Acetate of alumina has been lately used by Maas. He 
applies lint dipped in the solution (2| per cent.) to the wounds, 



and covers this with macintosh. The strength of the spray is 
also 2^ per cent. 

He says that this is a powerful antiseptic, and that with it 
he gets typical aseptic results. The substance is unirritating, 
and very few dressings are required. 

Eucalyptus oil has recently been strongly advocated by I)r. 
Schulz of Bonn.1 Its antiseptic properties were shown by 
Bucholtz in his paper on antiseptics. He found that it was 
three times as strong as carbolic acid, for while carbolic acid 
prevented putrefaction when present in the proportion of 1 in 
200 parts, the eucalyptus oil only required to be present iu 
the proportion of 1 to 666-6 parts to produce the same effect. 

Siegen also showed that eucalyptus oil prevents putrefaction 
and alcoholic fermentation better than carbolic acid. He found 
that blood to which ^ per cent, of eucalyptus oil had been 
added was quite odourless ten days later. Bing states further 
that it hinders the passage of white corpuscles out of the vessels, 
and that therefore, on Cohnheim's theory, it is an agent capable 
of arresting suppuration. 

With regard to its usefulness, its smell is more pleasant 
than that of carbolic acid. It dissolves readily in alcohol or 
in oil, and mixes perfectly with pure paraffin. 

Schulz also states from Siegen'% experiments and from his 
own that the eucalyptus oil is not poisonous. The tree from 
which the oil is obtained grows in large numbers in Australia, 
and the oil can be obtained in large quantities and very cheap. 

Schulz recommends that for the spray the glass bottle 
should be filled with the pure oil or with oil dissolved in alcohol. 
The steam would then pick this up and make an emulsion. 

. As a lotion it might be used in the form of an emulsion. 
Schulz proposes that the wounds should be dressed with 

lint saturated with a 10 percent, solution of e u c a l y p t u s or olive 
oil. Outside this, or instead of it, may be used Lister's gauze 
dressing containing eucalyptus oil instead of carbolic acid. 
A gauze which contains even 50 per cent, of eucalyptus oil may 
be made with paraffin. Dr. Schulz has not himself, however, 
used this method. 

1 Centralblatt fur Chirurgie, January 2i, 1880. 

Quite recently Mr. Lister has been making an extensive 
trial of eucalyptus oil in the treatment of wounds. A gauze 
has been prepared similar to the ordinary gauze, but containing 
eucalyptus oil instead of carbolic acid. Dammar has also been 
substituted for the ordinary resin. So far this has proved very 
satisfactory. It seems to be trustworthy as an antiseptic, and 
can be used under circumstances where carbolic acid is apt 
to cause irritation, as in dressings on the scrotum, or in patients 
whose skins are liable to be irritated by carbolic acid. Being 
non-poisonous, it may also be substituted for carbolic acid in 
cases where constitutional effects are apt to follow the absorption 
of the latter. 

It has also been employed as an ointment in the proportion 
of 1 part by measure of the oil to 4 parts by weight of the same 
base as is used for the boracic and salicylic ointments (p. 65). 
This ointment is employed in the cases for which boracic and 
salicylic ointments have up to the present been used, and it 
possesses the advantage over the latter in that the oil not only 
renders the discharge pure as it passes over it, but also on 
account of its volatility bathes the parts in an antiseptic 
vapour. Hence it will probably be especially useful in the 
treatment of burns (see p. 116). Its non-poisonous qualities are 
also a great point. As yet no experiments have been made with 
the view of' substituting it for carbolic acid in the lotions used 
in the spray, in washing wounds, purifying instruments, &c., 
and indeed the whole matter is only for the present under trial. 

So far we have been considering modes of preventing 
putrefaction in wounds based on the fact that the septic particles 
in the air and on surrounding objects may be deprived of their 
power of causing fermentation by contact with some suitable 
chemical substance. But we also saw in the preliminary 
considerations that it sufficed for the avoidance of fermentation 
m flasks to keep the dust out mechanically, as, for instance, 
by means of cotton wool. This fact was made use of by Mr. 
Lister some years ago in the following manner. I may quote 
his remarks, which are given in a foot-note to his article on 
Amputations in Holmes' ' Surgery,' vol. v. p. 619, published in 
1871. 



' Among recent contributions of fact to the elucidation of 
this question (the germ theory) may be mentioned Professor 
Tyndall's simple but beautiful proof of the exi stence of organic 
particles of dust of excessive minuteness in the air by means 
of a condensed beam of light, and the equally clear ocular 
demonstration afforded by the same method, that even the 
finest particles are capable of being removed from the air by 
causes which Pasteur, in some of his experiments, inferred must 
clear it of suspended organisms, such as the action of gravity 
and filtration by cotton wool. The fact last named seemed to 
promise valuable results in antiseptic surgery, and experiments 
made with this view have afforded further evidence in favour 
of the germ theory which it may be well to mention here. I 
found that if cotton wool impregnated with either chlorine or 
sulphurous acid gas or with the vapour of benzine or carbolic 
acid, was placed upon a wound or granulating sore, after 
washing the surface with a solution containing the same agent, 
although the volatile antiseptic left the cotton in about a clay, 
the blood or pus still effused beneath the cotton remained free 
from putrefaction for an indefinite time, provided that the 
discharge was not sufficiently copious to soak through the 
cotton and appear at the surface, in which case the meshes 
between the fibres affording ample space for microscopic 
organisms to develop in, putrefaction spread within a few 
hours throughout the moistened part of the mass. This cir-
cumstance greatly interfered with the practical utility of the 
dressing, and it has since been superseded by the antiseptic 
gauze to be described in the text, but the facts seem to me 
important with regard to the germ theory. The cotton wool, 
though it loses all chemical antiseptic virtue in a day, yet will 
keep out putrefaction for a month or more. It cannot possibly 
keep out any atmospheric gas, which is necessarily diffused 
freely between its fibres, and gets in for the same reason that 
the volatile antiseptic gets out. That which it does exclude 
can only be suspended particles of dust. It follows, therefore, 
as a matter of certainty, that the cause of putrefaction through 
atmospheric influence of blood or pus, or, in other words, such 
materials as the surgeon has to deal with in treating wounds, 

are not the atmospheric gases, but dust, and the fact that this 
dust is deprived of its putrefactive energy by agents which are 
chemically so unlike as chlorine, sulphurous acid, benzine, and 
carbolic acid, but which agree in having a common hostility to 
animal or vegetable life (I used benzine because I knew that 
the entomologist employs its vapour to kill insects), this fact 
confirms the view that the putrefactive particles are really 
organisms. I commend these simple experiments with cotton 
wool to the candid judgment of the reader, because, whatever 
may be thought of their bearing upon the allied subject of 
spontaneous generation, they must be allowed to afford absolute 
demonstration of the truth which is the foundation of the anti-
septic system, viz., that the putrefaction of blood or pus under 
atmospheric influences is caused not by the gases of the air, 
but by suspended particles, which can be deprived entirely of 
their septic energy by the vapour of an agent like carbolic acid.' 

It will thus be seen, that what Mr. Lister used here was 
not an antiseptic application but an aseptic one, and that the 
only mode in which this dressing acted was by mechanically 
preventing the particles from reaching the wound. For the 
reasons quoted, this method has not been turned to practical 
account, though, as we have seen, it is still used in cases of 
gangrene in order to protect the weak parts from all sources of 
irritation. 

-Ah. Barker, assistant surgeon to University College Hospital, 
has tried a similar method in one or two cases. He purified 
cotton wool by heat, and applied between it and the wound a 
layer of lint dipped in carbolic oil. This method, however, 
seems to be impracticable, for after the wool has been heated,' 
but before it is applied, dust would very probably gain access to 
it unless very complicated precautions were taken. I believe 
that if pure cotton wool is used Mr. Lister's method is the onlv 
practicable one. 

I have mentioned these experiments more as confirming 
the flask experiments described before than for the purpose of 
recommending the method for adoption. I believe that tho-
roughly satisfactory and indeed the best results maybe obtained 
oy the use of suitable chemical means. 



Subcutaneous surgery is another way in which the aseptic 
principle may be carried out. Here the wound is made under 
the skin and away from the air dust altogether. This method 
will be better understood w h e n we come to trace the history 
of antiseptic surgery. 

CHAPTER VIII. 

THEORIES OF SPONTANEOUS GENERATION, HETEROGENESIS 
AND ABIOGENESIS. 

Principles on which other methods of antiseptic surgery act. Organisms are 
always present in fermenting liquids : their significance. Theory of the 
origin of organisms independently of a parent'. Theories of Needham and 
Button: Needham's proofs. Spallanzani's experiments: Needham's objec-
tions: Spallanzani's replies. Schulze's experiments. Schwann—Schroeder 
and Dusch-Schroeder-Doctrine of Heterogenesis. Pouchet's work • Iris 
method of testing the matter : proofs that the source of the organisms in 
infusions is neither the air, water, nor the putrescible substances • modes 
of repeating Schulze's and Schwann's experiments: examination of dust 
Criticism of his results. Pasteur's experiments: results with ordinary 
fluids: introduction of dust into sterilised fluids: results with milk and 
alkaline fluids: the cause in the air which gives rise to the growth of 
organisms is particulate: Pasteur's cultivating fluid : estimate of Pasteur's 
work. Poachet's reply: New experiments—Criticism of these. 

SUCH are the methods by which that form of antiseptic surgery 
which aims at the total exclusion of septic ferments may be 
best earned out. But < Antiseptic Surgery' in its broad sense 
includes another class of methods of treatment acting on a 
totally distinct principle, and interfering more or less perfectly* 
W'th o c c u r r e n c e o f fermentations. These all act on the 
principle of rendering inert the causes of putrefaction after 
their entrance into the wound, of offering obstacles, more or less 
complete to the fermentation which these particles ivould other-
r — , I n ; , r d e r understand these methods, to see 

•to eIrrttPhmCiP 8 t h i J a C t ' t 0 d 6 C i d e W h i c h a r e the best, and 
take n̂n ^ ^ ^ r e a t e s t succes*> * is necessary to 
whthPwemh U r 0 r f t h e C a u s e s o f P * t r e f - t i o n at the point 
nature of the particles which we found to be the causes of 
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fermentative changes, and how it is that they bring about these 
changes. 

As is well known, micro-organisms of S'.me form or other 
(bacteria, toruke, &c.)are always present in fermenting liquids, 
and the view which is now almost universally held by scientific 
men is that these bodies are the initiators of the chemical 
change. 

We have already seen that fermentation occurs only after 
the access of particles from the outer world, and it is asserted 
bv the supporters of the germ theory of fermentative changes, 
that these particles are organisms or their spores, and that it is 
by the growth of these organisms in the fermentescible material 
that the latter undergoes alteration. 

Some, however, assert that these organisms are only acci-
dental accompaniments of the process of fermentation ; in fact 
a few still maintain that they arise in fermenting substances 
from agglomeration of the molecules of that material, that in 
fact they are generated anew and are not necessarily derived 
from a parent. It is therefore necessary for us, before discuss-
ing the germ theory of fermentation, to consider what are the 
real facts with regard to this matter of abiogenesis. 

The first views of which we must take notice, as being the 
first founded on experiment and observation apart from mere 
philosophical speculation, are those of Needham and Buffon, 
published in the middle of the eighteenth century.1 Needham's 

1 It may be of interest to quote Needham's own words somewhat in detail. 
Referring to Spallanzani's criticisms of his work (Nouvelles Recherches sur les 
Êtres microscopiques, by Spallanzani, translated by M. l'Abbé Regley, 1760), 
he savs (vol. i. p . 142) : ' Il (Spallanzani) sait très-bien par toute la teneur de 
mes observations microscopiques que je ne donne aucune autre puissance à la 
matière que celle qui produit la pure vitalité dénuée de toute sensation, et qui 
dérive, comme son existence primitive, de la seule Divinité; que cette 
vitalité est un composé matériel de la force résistante et de la force expansive, 
dont les premiers principes ont été donnés à la matière par le Créateur au 
moment, de la création : que tout corps, ou partie organisée, est une proces-
sion ou prolongation d'un corps organisé, soit végétal ou anima.1, qui doit 
nécessairement préexister, et dont la souche primitive sort immédiatement des 
mains de Dieu ; que cette procession ou prolongation insensible, que doit 
donner ce germe nouveau, dont la petitesse est indéfinie, pour se conformer a 
toutes les circonstances possibles, se fait moyennant une espèce de réduction 
dirigée par les forces plastiques, et une concentration des parties spécifiques 
qui tendent, en les atténuant, vers un point déterminé ou un certain foyer 
commun, de même à peu près que l'œil est au monde visible, un centre où lf-
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theory was, that there is in matter a force charged with the 
formation and government of the organic world, which force he 

rayons viennent s'arranger de toutes parts, sans confusion, dans le même ordre 
qu'ils reçoivent de l'harmonie préétablie de l'univers ; que quant aux premiers 
principes de cette vitalité purement matérielle, il y a une matière indubitable-
ment démontrée par des expériences constantes, très-atténuée, très-exaltée 
éthérée selon Newton, électrique selon les idées présentes, très-élastique par sa' 
nature intime, toujours prête à donner le branle à la matière brute et résistante 
et qui pénètre substantiellement la masse entière ; que par conséquent ces 
deux especes de matière, mêlées dans toutes les proportions possibles, peuvent 
fournir les témperaments nécessaires pour tout degré de vitalité quelconque, et 
ponr tous les grands phénomènes ou changements physiques de l'univers en 
partant d'un seul principe ; que cette vitalité, n'étant autre chose qu'un esprit 
très-subtil et très-actif, agissant dans une matière brute, tenace et ductile 
pour former, selon les forces spécifiques de chaque corps vital, un nouveau 
système organisé, est très-différente, selon mes idées, du principe sensitif, qui 
ne peut être composé, et encore plus distinguée du principe intellectuel et 
spirituel, l'âme de l'homme.' 

Fnrther on (p. 150) he réitérâtes his view that these beings are distinct 
from the higher classes of animais which possess sensation. < En général, 
toute substance quelconque, animale ou végétale, se décompose, selon moi, en' 
êtres que j'appelle vitaux pour les distinguer des animaux parfaits à qui la 
Divinité a ajouté par surcroît les puissances purement sensitives, ou sensi-
tives-intellectuelles.' 

Again (p. 172), ' L'auteur (Spallanzani) croit que j'ai parlé de la force 
ordinaire végétante des plantes, par laquelle elles développent en feuilles en 
branches et en racines. Il n'est rien de tout cela. Quand il s'agit de la pro-
duction de ces corps organiques, je considère au contraire la plante dans un 
état de corruption comme plante: car c'est alors qu'elle perd absolument 
sa terme primitive et, qu'après avoir été dépouillée de ses sels, de ses huiles 
et des autres principes constitutifs, ce qui reste devient une matière géla-
tineuse et toute filamenteuse qui végète par elle-même en branches vitales et 
se partage en corps ronds animés ou pousse au-dehors des globules mouvants ' 

voilà en peu de mots le vrai tableau, voilà le raisonnement de M de 
Mon et le mien. Il y a certainement un principe de vitalité matériel dis-

•ngue du principe sensilif, seul constitutif de la stricte animalité, qui se dis-
^ cyniquement, et qui, subordonné aux lois générales établies par la 

en l P 7w V O g e k S ° ° r p S a n i r n a u x <l>l'il f ° ™ e comme dans les végétaux, 
en les animant à la façon ordinaire ' (p. 166). 

v é ^ n f ^ T d e V i t a l i t é 6 8 1 l e s e u l P r i l l c iP e d'économie et d'action dans les 
l'être servIÎTr1 1 1 1 6 ^ ^ c l a s s e d e c e s ê t r e s qui, paraissant sensitifs sans 

Ma a e n s c m b l e l e végétal et l'animal sensitif ' (p. 166). 
animal n u l L Î T ^ ^ T ™ C ° m m e n é c e s s a i r e P o u r compléter le vrai 
c o m p a t i t 6 T * ^ pi" indpe d e SenSati0n' U"C * * »'est P -
selon le bon 7 ^ ^ efc W > e anéantie avec le corps 
hors de t Z l T S 0 D c r é a t e u r> est néanmoins supérieure à la vitalité, et B u k w t ï 5 P m S S a U C C S d e l a m a t i è r e l a P1"8 exaltée.' 

{ I I U t m r e H f c vol. ii. p. 420, 1749) says : ' Tous les animaux 
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calls force vegetatrice. He imagines that this force, by setting 
into motion all the particles of matter, excites in some of them 
a sort of vitality distinct from sensation, and produced by the 
union of two other forces, which he terms force resistance and 
force expansive. 

The proofs on which Needham bases his views as to the 
spontaneous origin of these minute organisms are of three 
distinct kinds. 

The first discussing the different phenomena furnished by 
different infusions, more especially the enormous variety of 
forms arising in them; and the second alluding to the behaviour 
of infusions after being subjected to heat, dependent as these 
arguments are on microscopical examination, need not be con-
sidered here, because the construction of the microscope was at 
that time so imperfect as to make it of little or no use for such 
observations. 

The third, and indeed the only experiments which require 
to be noticed, are those in which infusions, contained in vessels 
hermetically sealed, are subjected to the action of heat for a 
prolonged period. In infusions treated in this way by Need-

se nourrissent de végétaux ou d'autres animaux, qui se nourrissent eux-mêmes 
de végétaux ; il y a donc dans la nature une matière commune aux uns et ans 
autres qui sert à la nutrition et au développement de tout ce qui vit ou végète; 
cette matière ne peut opérer la nutrition et le développement qu'en s assimi-
lant à chaque partie du corps de l'animal ou du végétal, et en pénétrant in-
timement la forme de ces parties, que j'ai appelée le moule intérieur. Lorsque 
cette matière nutritive est plus abondante qu'il ne faut pour nourrir et dévelop-
per le corps animal ou végétal, elle est renvoyée de toutes les parties du corps 
dans un ou dans plusieurs réservoirs sous la forme d'une liqueur ; cette liqueur 
contient tontes les molécules analogues au corps de l'animal, et par conséquent 
tout ce qui est nécessaire à la reproduction d'un petit être entièrement sem-
blable au premier. Ordinairement cette matière nutritive ne devient sura-
bondante, dans le plus grand nombre des espèces d'animaux, que quand e 
corps a pris la plus grande partie de son accroissement, et c'est par cette raison 
que les animaux ne sont en état d'engendrer que dans ce temps. 

' Lorsque cette matière nutritive et productive, qui est universellemen 
répandue, a passé par le moule intérieur de l'animal ou du végétal, et que 
trouve une matrice convenable, elle produit un animal ou un végétal de me^ 
espèce; mais lorsqu'elle ne se trouve pas dans une m a t r i c e convenable, e 
produit des êtres organisés différents des animaux et des végétaux, comme ^ 
corps mouvans et végétants que l'on voit dans les liqueurs séminales des a 
maux, dans les infusions des germes des plantes, &c.' 

ham and boiled for many minutes organisms developed very 
readily. 

Spallanzani1 repeated these experiments, and he found that 
though some infusions could be sterilised after boiling for a 
short time, yet it was necessary to keep others at the boiling 
temperature for an horn- or more before they would remain 
permanently sterile. Spallanzani's method was to heat his 
flasks, then to pour in the liquid, hermetically seal the flask, 
and place it in a water bath. The error in this method is 
probably that the impure fluid when poured into the flask, 
soiled the neck which he had previously purified by heat. 

To these experiments Needham objected that Spallanzani 
had much enfeebled or perhaps destroyed the force vegetatrice 
of the infusions by keeping them exposed to the action of heat 
for so long a period of time as an hour. 

This objection was at once met by Spallanzani, who showed 
that organisms rapidly developed in these same infusions, if 
they were left exposed to the air after this prolonged boiling ; 
and he truly says that, if the organisms only come from the 
fluid, and if the power which this possesses of generating these 
beings is destroyed by heat, they would remain absent whether 
the flasks were open or shut. He even went further and heated 
the vegetables very strongly before infusing them, but even 
in this case organisms developed in the fluids so prepared. 

Needham, however, said that the small quantity of air re-
maining in the flasks was completely altered by the exhalations 
from the fluid and by the heat of the fire, and that thus the 
force vegetatrice could not act. This objection cannot be 
said to have been in any way met by Spallanzani. In some 
cases, indeed, he succeeded in preventing the appearance of 
organisms by boiling the fluid from a half to two minutes, but in 
many cases minute organisms appeared. In order to prevent 
their occurrence in all instances, it was necessary to prolong 
the heat for at least three-quarters of an hour. 

As an answer to Needham's last objection the experiments 
oi ochulze2 form a most important step in advance. The 

G e L T m t ^ P h j S i q n e a n ' i m a l e e t v ^ t a l e - , traduits par Jean Senebier, 

2 See translation in Microscopical Journal, 1841. 



following was the problem which he proposed and the method 
adopted to solve it. 

Query : ' If the access of atmospheric air, light, and heat 
to substances in flasks included of itself al, the conditions for 
the primary formation of animal or vegetable organisms ? The 
difficulties to be overcome consist in the necessity of being 
assured first, that at the beginning of the experiments there 
was no animal germ capable of development present in the 
infusion, and secondly, that the air admitted contained nothing 
of the kind.' 

His method of procedure is described by himself as follows :— 
' I filled a glass flask half full of distilled water, in .which I mixed 

various animal and vegetable substances. I then closed it with a 

I N L I Q U I D S . 

good cork, through which I passed two glass tubes, bent at right 
angles, the whole being air-tight. It was next placed in a sand-bath 
and heated until the water boiled violently, and thus all parts had 
reached the temperature of 212° F. 

' While the watery vapour was escaping by the glass tubes I 
fastened at each end an apparatus which chemists employ for collect-
ing carbonic acid; that to the left was filled with concentrated sul-
phuric acid, and the other with a solution of potash. By means of 
the boiling heat everything living and all germs in the flask or in 
the tubes were destroyed, and all access was cut off by the sulphuric 
acid on the one side and by the potash on the other. I placed this 
easily moved apparatus before my window, where it was exposed to 
the action of light, and also, as I performed my experiments during 

the summer, to that of heat. At the same time I placed near it. an 
open vessel with the same substances that had been introduced into 
the flask, and also after having subjected them to the boiling tempera-
ture. In order now- to renew constantly the air within the flask, I 
sucked with my mouth several times a day the open end of the 
apparatus filled with solution of potash ; by which process the air 
entered my mouth from the flask through the caustic liquid, and the 
atmospheric air entered the flask from without through the sulphuric 
acid (Fig. 58). The air was of course not at all altered in its com-
position by passing through the sulphuric acid in the flask, but if 
sufficient time was allowed for the passage, all the portions of living 
matter or of matter capable of becoming animated, were taken up by 
the acid and destroyed. From May 28 till the beginning of August 
I continued uninterruptedly the renewal of the air in the flask, 
without being able, by the aid of the microscope (magnifying glass ?), 
to perceive any living animal or vegetable substance, although during 
the whole of the time I made my observations almost daily on the 
edge of the liquid; and when at last I separated the different parts 
of the apparatus I could not find in the whole liquid the slightest 
trace of infusoria, of confervas, or of mould. But all the three pre-
sented themselves in great abundance a few days after I had left the 
flask standing open. The vessel which I placed near the apparatus 
contained on the following day vibriones and monads, to which 
were soon added larger Polygastric Infusoria, and afterwards Botatoria.' 

By these experiments the fears entertained by Neerlham as 
to an alteration in the air contained in the flask being the cause 
of the sterility of the infusion, were completely set at rest; 
for here air, which had not been subjected to heat, and which 
was constantly changed, was present in the vessel in which no 
development occurred, while the second open vessel showed that 
the power of the liquid to nourish organisms had not been lost 
by boiling. It was therefore clear that in this instance the 
organisms which grew in the outer vessel came in some way 
or other from particles in the atmosphere, which could be 
destroyed by sulphuric acid. Whether or not both modes of 
origin might not exist, and whether the bodies falling into 
the fluid from the atmosphere were organisms or their spores, 
or merely albuminous matters which gave rise to organisms, 
was as yet, in no way determined. 

And the results of the experiments of Schwann, mentioned 



before, leave us in the same position. In his case the heating 
of the air was substituted for Schulze's method of passing it 
through a chemical substance, but no further evidence was 
obtained. Advance was no doubt made by his results in that 
the objection which might have been urged by some against 
Schulze's experiments, viz., that particles of the sulphuric acid 
were carried over with the air, or that the air was in some way 
or other altered, are entirely removed,1 while at the same time 
it was then known that heating air produced no alteration in 
the gases of the air. Schwann himself explained his results 
by supposing that the spores of infusoria and other smaller 
organisms are present in air, and are destroyed by Jj.eat; and he 
held that putrefaction and other fermentative changes are 
brought about by these organisms abstracting materials for 
their nutrition from the fluids in which they grow, and leaving 
the compounds thus broken up to form new combinations. 

One most important fact he does mention, viz., that blood 
can be received into and preserved in a flask with certain pre-
cautions, without the development in it of any form of life. 

Further evidence with regard to boiled substances was 
brought forward by Schroeder and Dusch, and later by Schroeder 
alone. Their method of experimentation by filtration of the 
air through cotton wool, and their results, have been already 
referred to (p. 12, et.seq.), and it will be sufficient to add here 
that in those cases where putrefaction occurred, organisms were 
present, while in the flasks, in which no change took place, 
organisms were absent. By their method, meat, meat infusion, 
and malt were preserved after boiling without any appearance 
of organisms. 

Difficulties were experienced with milk and yolk of egg, but 
these were finally overcome either by heating them to the 
temperature of 130° C., oi" by prolonged heat at 100° C. These 
experiments are of the greatest importance, as with the method 

1 This objection that the air is altered in passing through sulphuric acid is 
not urged by Pouchet, who indeed states that no alteration occurs, and that 
organisms can develop as readily when such air is admitted as in presence of 
ordinary air. Schulze's experiment also proves that the barrenness of the 
liquid was not due to the entrance of sulphuric acid into it, for the liquid 
became full of life after having been exposed for a few days to ordinary air. 

employed no objections can be raised as to any alteration in 
composition of the air. 

When, then, we look at Needham's two objections, which 
have been urged against experiments with boiled fluids, and 
when we compare with them the answers furnished by all 
observers, but more especially by Spallanzani to the first, and the 
progressively strong replies to the second by Schulze, Schwann, 
and Schroeder and Dusch, we must, I think, come to the con-
clusion that they have been completely met. Hence in order 
to retain the theory of spontaneous generation it became neces-
sary for the heterogenists to change their ground. They had 
to admit that there were present in the air and on surrounding 
objects particles (not necessarily bacteria or their germs, though 
very probably so) which, falling on suitable soil, gave rise to the 
development of bacteria ; but they still held that under certain 
circumstances heterogenesis may also occur, though possibly 
more rarely than propagation from a parent. 

They attempted to support this view in two ways : firstly, 
by denying the accuracy of the former experiments, by pointing 
out that they do not always succeed, and that organisms develop 
in some materials, even after prolonged exposure to a high tem-
perature ; and secondly, by reference to the results of attempts to 
preserve unboiled fluids and tissues. 

In 1859 there appeared the work of one of the most ardent 
supporters of the theory of spontaneous generation—Pouchet -
and it is necessary for us to examine his views and facts some-
what m detail.1 

Pouchet does not look on these organisms as originating 
from dead matter through the action of some mysterious force, 
as has been since advanced by some heterogenists. Their sources 
are, according to him: 'Des particules organiques, débris des 
anciennes générations d'animaux et de plantes, qui se trouvent 
combinées aux parties constituantes des minéraux. Selon cette 
aoctrme ce ne sont donc pas des molécules minérales qui s'orga-
ni ent, mais bien des particules organiques qui sont appelées 
a ne nouvelle vie.' He further states that though he believes 

Zt 18 t h e C 0 n t a c t of different bodies which gives rise to the 
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development of proto-organisms, yet he does not think that 
their origin is due to affinity alone—vital force must also come 
into play. This vital force owes its manifestation to certain 
unknown concomitant circumstances ; thus fermentative or 
catalytic phenomena precede all spontaneous generation. In 
connection with these views he describes the development of 
ova in what he terms the proligerous pellicle, or scum on the 
surface of fermenting fluids. With regard to this he says: 'La 
génération primaire ne produit jamais un animal de toutes 
pièces, mais seulement elle engendre des ovules spontanés 
dans le milieu proligère absolument sous l'empire des mêmes 
forces qui façonnent des ovules dans le tissu de l'ovaire.' 

The essentials for the production of new forms are, according 
to him, a putrescible body, water, and air, while heat, light, and 
electricity considerably favour the result. Having shown that 
the first three are essential, though they need not necessarily 
be present in large amount, he proceeds to state the problem 
in a very fallacious manner : ' Si l'on admet,' says he, ' que dans 
nos expériences la génération ne peut s'opérer qu'à l'aide de 
trois facteurs, et que c'est l'un d'eux seul qui récèle les germes 
des proto-organismes, il est évident que si l'on prend chacun 
de ces trois corps en particulier, sans s'inquiéter nullement 
alors des deux autres, et que l'on démontre successivement 
que ce n'est aucun d'eux qui contient ces germes, il faudra bien, 
en somme, reconnaître quand le fait aura été strictement établi 
pour chacun isolément, que ce n'est donc aucun de ces trois 
corps qui peut servir d'asile aux œufs ou aux séminales introu-
vables des êtres divers qu'on voit s'engendrer sous les yeux.' 

He tests the question in the following manner : 1. With 
regard to the first point he says that it is evident that the 
putrescible material does not contain the germs of the proto-
organisms since, even though it is charred previously to its 
employment, the water in which it is placed becomes rapidly 
filled with microzoaires and cryptogams. 

Experiment.—10 grammes of any of the following seeds, maize, 
peas, beans or lentils, were placed in an iron spoon and completely 
charred ; then the product was placed in a glass vessel containing 500 
grammes of distilled water and covered with a bell jar. In twenty 
days the fluids were found to contain micro-organisms and cryptogams. 

2. He next points out that it is not the water which eon-
tains the germs because, if one places organic substances in an 
artificial water, animalcule and cryptogams still develop. 

To show this an artificial water was obtained in the following 
manner:—' Into a large flask with two orifices, water and fragments 
of zinc are placed : one of the orifices transmits a tube terminating in 
a funnel by means of which sulphuric acid may be introduced into 
the flask ; the other orifice is attached to a large horizontal tube filled 
with asbestos, which leads to a small tube drawn out at its extremity, 
and terminating close to the outside of a metal vessel filled with cold 
water. The sulphuric acid having been introduced, hydrogen gas is 
disengaged, and is lit at its exit from the tube. The flame being close 
to the metal vessel, moistens its walls with watery vapour, the result 
of the combination of the oxygen of the air with the hydrogen from 
the apparatus: and this vapour, being condensed, is caught in a 
platinum vessel. The apparatus having been maintained in this 
state for three days, 200 grammes of water were obtained, and were 
employed in the two following comparative experiments.' 

Half of this water was boiled for a quarter of an hour, in order to 
kill the germs which might have fallen into it, although he does not 
consider that to be necessary. This water was then introduced into 
a vessel with 5 grammes of hay, which had been raised to a tempera-
ture of 200° C. The vessel was placed in a basin containing a little 
water, and the whole was covered with a small shade. In four days 
there was a granular pellicle and two species of Paramecia. 

The other portion of distilled water was not boiled, and to it was 
added hay which had not been heated; the result was absolutely 
identical. J 

3. Lastly, Pouchet states that it is evidently not the atmo-
sphere which disseminates the germs, since he has seen organisms 
appear m flasks containing only artificial air, or in flasks con-
taining air which had been heated or which had passed through 
sulphuric acid. 5 

He next takes up Schulze's experiment, and presents the 

of thTformei* C°Untei" e X p e r i m e n t a n d a s a c o m P l e t e disproof 
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of the vessel lower than its neck, the other, the efferent, reached to 
within one centimetre of the liquid, in order the better to remove the 
heavy stagnant gases. To each of the tubes was attached Lrebig's 
bulbs filled with sulphuric acid. To the efferent was further attached 

F I G . 5 9 . — P O U C H E T ' S MODE OP REPEATING SCHULZE S EXPERIMENT, 
(PROM POUCHET) . 

a water aspirator, which was kept constantly acting (Fig. 59). The 
cork, &c., were all luted with copal. The fluid was then boiled for 
an hour. In twenty-six days spirilla, vibriones, and penicillium were 
present in the fluid. 

In order, as he supposes, to have more rigorous conditions 
than those of Schulze, he introduces the following method of 
procedure: 

F I G . 6 0 . — A N O T H E R MODE ADOPTED BY POUCHET POR TESTING 
SCHULZE'S VIEWS (FROM POUCHET) . 

A flask is used having the capacity of one litre, and having three • 
necks. This is quite filled with concentrated sulphuric acid. J* 
first neck contains a bent tube, which by one extremity communicatee 
with an air pump, while the other extremity passes down to 

bottom of the acid; through the middle neck passes a siphon, which 
commences in the flask at the level of union of the upper and middle 
thirds, while its other end passes into an'empty vessel. The third 
orifice contains a tube passing down to the bottom of a second vessel, 
but only originating in the first vessel at the very top. This second 
vessel, of the same capacity as the other, had been filled with boiling 
water; the first neck allowed the passage of the tube from the first 
vessel; through the central one passed a siphon similarly arranged 
to that in the first vessel: while from the third opening a tube led 
into a third vessel. This third vessel had the same capacity as the 
others, but had only two openings, the first receiving the tube from 
the second flask, which, however, did not pass down to the bottom of 
the third flask as in the other two cases; and the second giving exit 
to a siphon arranged as before (Fig. 60). 

A strong decoction of boiling hay having been introduced into the 
third vessel so as to fill it exactly, the whole apparatus was luted with 
the greatest care, and thus the apparatus contained only this decoc-
tion, the sulphuric acid and the water which had been previously 
boiled. Ah- was then forced slowly into the sulphuric acid, and 
traversing the acid, it collected at the top, forcing the sulphuric 
acid through the siphon; this air then passed on through the second 
flask, passing through the water and forcing the water through the 
siphon; and from the second into the third vessel, forcing some of 
the decoction through the siphon; then the apparatus was abandoned 
to itself, and a quantity of the same decoction was placed outside 
for comparison. In twenty days the hay infusion, both in the appa-
ratus and in the vessel outside, contained ' mucor' and bacteria. 

A second experiment was done by introducing into the third flask 
5 grammes of hay, which had been exposed to the action of steam for 
five minutes. The vessel was then filled with boiling water. A 
similar result was obtained. 

Again, he introduced into the third flask filtered water, and 10 
grammes of hay exposed for thirty minutes to a temperature of 200° C. 
Nevertheless, monads and vibriones were found. 

A similar experiment to Schwann's was also performed, the 
air in the apparatus just described being passed over a heated 
tube instead of through sulphuric acid. Nevertheless, organisms 
(penicillium and vibriones) developed. Two flasks (instead of 
three) were used, the first being filled with boiling water (this 
flask having the three necks as usual, one receiving the heated 
an, one for the siphon, and the third leading into the second 



flask), and the second containing boiled decoction of bay and 
having two necks. He states that he succeeded more often in 
obtaining organisms when filtered, unboiled water was sub-
stituted for the boiled water; and, as he has already proved, as 
he thinks, that water does not contain organisms, he considers it 
a matter of indifference whether the water has been boiled 
or not! 

Similar experiments with artificial air yielded the same 
results. 

A new objection is then brought forward, viz., that if the 
atmosphere be the universal disseminator of germs, the greater 
the mass of air in contact with a fluid, so much the greater 
ought to be the number of organisms which grow in that fluid. 
This he has not found to be the case, and he also points out 
that in flasks containing the same fluid, placed close to each 
other at the same time, different forms of organisms may de-
velop, a fact which he does not consider capable of ex-
planation on the theory of Panspermism. 

Pouchet further examined air dust microscopically, and he 
admits that he finds spores of fungi and other microscopic 
organisms, but he does not think that they are ever present in 
sufficient quantities to explain the numbers which are found 
in an infusion, for he states that the bacteria themselves do not 
increase in number by fission (or but very slowly), but that on 
the contrary each is spontaneously generated. 

To prove that organisms do not in the main come from the air he 
took five grammes of dust from the roof of the Eouen Cathedral, and 
placed it in 100 grammes of distilled water. Then in another similar 
vessel he placed 100 grammes of distilled water, containing five 
grammes of the dry stalks of China aster, previously exposed for two 
hours to a temperature of 200° C. These two vessels were placed 
under the same glass shade. Eight days later the first contained 
vibriones, monads in small numbers, and a few kolpodes. The second 
was full of monads and kolpodes. 

During a later research Pouchet examined the dust which 
collected in the lungs and bones of birds, and he states that 
there can always be found evidences of the locality in which 
the birds lived. For instance, this dust in the case of forest 

birds contains fragmeats of wood, leaves, starch, &c. He says 
that he never found spores of plants nor ova of microscopic 
animals nor encysted animalcule*. That he should not have 
found spores of fungi, which one would think are more nume-
rous in the forest air than starch granules, is inconceivable 
unless it is supposed that there is a special provision in the 
animal economy which prevents their entrance into the lungs, 
though permitting the admission of starch granules. The 
probability is that he did not recognise them. 

Not only does Pouchet support the doctrine of the spon-
taneous generation of bacteria and the lowest forms of animal 
or vegetable life, but he is also prepared to accept the spon-
taneous origin of fleas, aeari, and cysticerci! 

If, now, we carefully examine these experiments, we shall 
see that they are full of the grossest blunders. Take, for in-
stance, his experiments to show that organisms are not present 
in putrescible substances, in water or in air. The first experi-
ment is simply absurd. Some seeds are charred and introduced 
into a vessel containing distilled water, and covered with a bell 
jar; organisms develop. What does this prove? Does it 
prove that organisms were not present and may not constantly 
be present in putrescible substances exposed to the air ? No. 
It merely proves that this cannot be their only source; for here 
the water and the air were not heated or otherwise purified, and 

thenf01^ U i e ° r g a n i S m S m i g h t b e e a s i l y c°mmunicated through 

Again, to prove that water does not contain them, an artificial 
water is prepared, boiled for a quarter of an hour, placed in an 
unpunned vessel containing some hay, which had been pre-

r U f ™ a n d e x l , o s e d t 0 0 r d i n a i 7 air. What does this 
show. Certainly not that ordinary water does not contain 
organisms. Even admitting that this specimen of water did 
not contain them, there was ample explanation of their presence 
, Z t \ t d G t t \ V h e fiuid WaS p U t i n t o vessel, and that the air had access to it. 
t h e ^ P ^ C h e t f101'6 S u c c e s s f u t i n h i s attempt to show that the air is not the vehicle. 

In considering the question as to the presence of organisms 
their spores m the air Pouchet puts forward the idea that if 



organisms were present in the atmosphere in sufficient numbers 
the atmosphere would be totally obscured. But it has been 
asserted and shown by Pasteur and others (as we shall see later 
on) that organisms are by no means so numerous in the atmo-
sphere as was formerly supposed, but that they are generally 
derived from dust which has settled or from water. Further, 
Tyndall has shown, by means of the beam of light, what 
numbers of minute particles fill the air around us, and up to a 
certain point, instead of obscuring it, really render the light 
visible. 

In his repetition of Schulze's experiment it must be admitted 
that Pouchet has a stronger case, but even here the flask and 
the tubes were not purified, the quantity of fluid as compared 
with the size of the flask was very small, and there is always 
the possibility of a flaw in the cork or in the joinings of the 
various tubes. And further, this experiment loses its force 
when Pouchet admits that he does not always get organisms, 
and states, on the contrary, that, when a simple apparatus is 
employed, a negative result is obtained. Thus to quote his 
own words : ' Dans un appareil à simple rentrée d'air ' (this 
consists of a flask having only one tube passing through its cork, 
to which tube Liebig's bulbs are attached, see Fig. 61 ), ' e t dont 
les boules de Liebig contenaient de l'eau, on remplit le tiers du 
ballon de colle de farine légère : que l'on y tient quinze minutes 
en ébullition à l'aide d'une lampe. Celle-ci éteinte, l'air rentra 
dans l'appareil en traversant l'eau peu-à-peu. L'appareil fut 
abandonné deux mois à une température moyenne de 14 
degrés, et pas la moindre moisissure ne se déclara à la surface 
de la colle durant tout ce temps. 

' Au contraire un critérium, placé à côté et en contact avec 
l'atmosphère, avait au bout de cinq jours toute sa surface 
envahie par des champignons. 

4 Une expérience enterprise le même jour et dans les mêmes 
conditions, mais dans laquelle l'air est introduit dans l'appareil 
en traversant des boules de Liebig remplies d'acide sulfurique, 
donna absolument les mêmes résultats.' 

Thus Pouchet showed that not only was Schulze's experi-
ment successful, when performed with a simple apparatus, hut 
he further demonstrated that it was not necessary that the air 

should pass through sulphuric acid ; if it were merely washed 
in wider it was sufficient. -

Again, ' Dans notre appareil à simple rentrée d'air, et dont 
les boules étaient remplies d'eau, on mit 175 grammes d'urine 
humaine et on l'y tint en ébullition pendant un quart d'heure. 
Ensuite l'air rentra en traversant l'eau et l'appareil fut 
abandonné sous l'influence d'une température moyenne de 12 
degrés. Deux mois après, l'urine était encore parfaitement 
limpide et pas la moindre moisissure ne s'était déclarée à sa 
surface. Un critérium placé à côté, au 
bout de huit jours, était envahi par 
une abondante végétation crypto-
gamique. 

' Une expérience est faite le même 
jour et absolument dans les mêmes 
circonstances, seulement l'air ne rentre 
dans l'appareil qu'en traversant des 
boules remplies d'acide sulfurique. Le 
résultat est absolument le même que 
dans l'expérience précédente: l'urine 
est intacte.' 

Such are examples of Pouchet's 
general results with this simple ap-
paratus, and, when he states that with 
the more complicated arrangement, 
even with much more prolonged boil- • _ 

o iron, 1 CIO think that I am only EXPERIMENTS (FROM POU-
drawing a f a i r i n f e r e n c e w h e n p gup_ ^ET). 
pose that there was something defective about his apparatus. 

Referring T, P T \ f ° r t v ? a t e w i t h Schwann's experiment. 
med l b > " § r e s u l t s ~ t h a t ^ e n he (Pasteur) per-

S Î ™ 1 e ~ n t ° f h a v i n S - contact with fer-
n e t t t . , 6 8 ° n l y P r e V i 0 U S l j h e a t e d a i r ' h e obtained 
X S I T ° D ' n ° r J e a S t ' n ° r i n - y s : < L'air 
^ o o T ^ 6 ^ f e r m e n t a t i 0 n e t l e s P ^ u i t s 
n 2 , T d m V e n t ; C 6 t a i r e s t d o n c également 
il l 2 r r r T 1 , e m e n t d e l ) h é n 0 m è n e s chimiques, comme 

celui des phénomènes vitaux. L'expérience de 
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Schwann, et celles qui ont été calquées sur elle, sont donc 
absolument insignifiantes.' Truly a strange interpretation of 
the facts, more especially as he had previously attempted to 
demonstrate that calcined air and air which had previously 
passed through sulphuric acid were equally incapable of pre-
venting the development of organisms, and as in the ' more 
rigorous ' conditions under which he performed the experiments 
he found that organisms always developed ! 

Looking more closely at these so-called 'more rigorous' 
conditions, we find that they contain a sufficient number of 
loopholes to explain the result. 

What are we to think of the third experiment to show that 
the air is not the vehicle of these organisms ? An impure 
vessel is taken, containing dust, and unboiled filtered water is 
introduced into it along with some heated hay. Is it any matter 
for surprise that organisms are found here, however pure the air ? 
The dust in the vessel contained plenty of their spores, the 
various tubes passing into it contained dust and impure air, 
while the water itself was teeming with organisms or their 
spores. And similar objections may be urged against the first 
and most rigorous experiment. Boiling hay infusion is intro-
duced into a vessel containing dust ; no attempt is made to 
destroy the septic properties of this dust or to purify the air 
and the dust in the tubes leading to and from it. Air is now 
forced into the infusion, carrying along with it the organisms 
which Pouchet ought to have known were theoretically present 
in the air in the last connecting tube, as well as on the walls 
of that tube. This is the ' rigorous ' experiment, which is 
sufficient ' to overturn the experiments of Schwann and 
Schulze.' It is needless to pursue the criticism of such methods. 

The following experiment is stronger, and he considers it 
sufficient to upset those of Schwann and Schulze. A flask was 
introduced to the bottom of a vessel containing a decoction of 
barley, which had been kept boiling for six hours. The flask 
being completely filled with this fluid, was brought to the sur-
face, and corked, and then the circumference of the cork was 
surrounded by varnish. On the sixth day a deposit of yeast 
was seen, and the flask burst on the seventh. 

Here an impure vessel, cork, &c., were used, and the heat 

\ 

was uot applied to them for a sufficient length of time. Fur-
ther, the fluid cannot have been boiling when the vessel was 
introduced and corked, otherwise, if he had done it efficiently, 
rhe operator would have scalded his fingers. It is, moreover, 
noteworthy that Pouchet only got organisms in one experiment 
of this kind. 

In his ' Micrographie Atmosphérique,' Pouchet falls into 
the great error of assuming that organisms do not subdivide 
quickly enough to account for their rapid appearance in infu-
sions. Now it has since been made out by several observers 
that organisms do divide with sufficient rapidity, and of this I 
may mention two instances from Mr. Lister's work. In the 
course of observations on a form of micrococcus, which he terms 
' Granuligera,' he found that in little more than an hour and a 
half they had trebled their numbers, a fact which he made out 
by observing the subdivision of a little group. And with re-
gard to the Bacterium lactis, he found definitely by nume-
ration that it doubled by fission in an hour, so that given one 
Bacterium lactis there would be in twenty-four hours no less 
than 8,388,608 bacteria ; and other forms of organisms deve-
lop even more quickly. 

Then, again, Pouchet objects that with free access of air, a 
greater variety of forms ought to be found, but it must be 
remembered that what may nourish one form may not be good 
for another, and that the products of the growth of the form 
which in the first instance was most vigorous and most nume-
rous, may interfere seriously with the growth of other varieties ; 
and in the experiment which he mentions it is quite evident 
that in the vessel to which the dust was added there is little 
or no nutriment compared with that contained in the stalks of 
the China aster. And lastly, when he places similar infusions, 
similarly treated, in flasks of the same size, under the same 
glass shade, and in similar conditions, and finds that the organ-
isms which appear differ in form in the two flasks, he does not 
obtain, as he supposes, a proof of spontaneous generation, but 
the contrary. For on that theory the same infusion, in the 
same conditions, ought to give rise to the same species of 
organisms ; and the occurrence of different forms can only be 
explained by supposing that different spores gained access to 
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the various infusions, a view quite in accordance with the theory 
of Pansperrnism. 

Appearing shortly after Pouchet's work, and leading to 
diametrically opposite conclusions, were the researches of M. 
Pasteur, which have by many been considered as administering 
the death-blow to the theory of heterogeny. 

Pasteur,1 in his account in the ' Annales des Sciences 
naturelles,' begins by attempting to demonstrate the exist-
ence of spores in the atmosphere, a fact which Pouchet had 
previously admitted. Such attempts are, however, very un-
satisfactory, partly from the difficulty of recognising what are 
and what are not spores, and also from the fact that if spores 
do exist they must be so excessively minute as to be in many 
cases invisible under the microscope. Professor Tyndall has 
shown, by means of the condensed beam of light, the existence 
of innumerable solid particles in fluids, in which but few could 
be detected by the microscope. Pasteur certainly demonstrated, 
and this is generally admitted, that spores of fungi do occur in 
the atmosphere. It is not necessary, however, to have this 
demonstration of the existence of spores, for the matter can he 
set at rest by experiment alone, and it is these experiments, 
and not the demonstration of the existence of spores of fungi 
in the atmosphere, which give the value to Pasteur's work. 

Operating with an albuminous saccharine fluid, in the man-
ner described below, Pasteur always succeeded in preventing 
the growth of organisms in that liquid, in presence of heated 
air. ' J'ai certainement eu l'occasion de répéter plus de cinquante 
fois l'expérience, et, dans aucun cas, cette liqueur, si altérable, 
n'a donné vestige de productions organisées en présence de l'air 
calciné.' 

Into a flask with a capacity of 250 to 300 c.cm. were introduced 100 
to 150 c.cm. of the saccharine albuminous fluid. The neck of this 
flask, which had been drawn out, was then connected with a platinum 
tube in which the air could be raised to a very high temperature. 
The fluid was boiled for two or three minutes, and then the calcined 
air allowed to enter. 

Although the experiment succeeded in the case of the 
Annales des Sciences naturelles, série 4, t. xvi. 1861. 

saccharine albuminous material, and some other fluids, it did 
not succeed with milk. Leaving milk out of consideration for 
M moment, it was shown that other fluids which, although pre-
viously boiled, when exposed to ordinary air, rapidly become 
the seat of development of organisms, remain ban-en when 
exposed to heated air. (It has been remarked by several 
authors, especially by Pouchet, that Pasteur was unable to 
succeed, in many cases, in repeating Schwann's experiment 
with calcined air. This is true : but the experiment which 
failed was the one where the flask is inverted over mercury, 
and the calcined air then introduced, and Pasteur has pointed 
out that it is from the mercury that the source of contamina-
tion is derived.) It remained to enquire further what happened 
when dust which had not been heated was introduced into the 

6, the flask containing the infusion sealed after being filled with heated air. a, piece of asbestos 
containing dust. When the tube in which this rests has been purified and filled with heated 
air, the ncck of the flask b is broken at c, and the dust slipped in. The neck of the flask is 
again sealed. (From l'asteur.) 

fluid in presence of heated air. This was done ; the air coming 
in contact with the boiled fluid was, as in the former case, pre-
viously heated, and the fluid had remained barren for one or 
two months; then precautions being taken that no unlieated 
air was introduced, unheated dust was put into the flask (Fig. 
62), and, as a consequence of this, development of organisms 
rapidly occurred, and these organisms were of the same kind 
as those which appeared in fluids freely exposed to air. Thus 
Pouchet's objection to Schwann's experiment (viz., that heated 
air interfered with the growth of organisms) was completely 
upset. 

Fresh urine behaves in exactly the same manner when 
treated in the two ways described. 

In the case of milk Pasteur was, however, unsuccessful 
when the boiling temperature was maintained for only two or 



three minutes (a length of time quite sufficient in the former 
cases); and this want of success he believes to be due to the 
fact that in this fluid organisms can resist the boiling tempera-
ture for a longer period than in other liquids. Two or three 
minutes of a temperature of 110° C., or a prolonged tempera-
ture of 100° C., were, however, sufficient to sterilise milk. This 
resisting power he considers to be due to the alkalinity of the 
fluid, for he finds the same difficulty if he renders his sugared 
yeast water alkaline by the addition of carbonate of lime? In 
the case of milk and of the latter fluid, thus purified and pre-
served unchanged for some weeks, the addition of the atmo-
spheric dust, in the way described, produces the same results as 
in the fluids previously referred to. 

But it is not necessary to use calcined air, ordinary air will 
be equally inert, if only it has had opportunity to deposit its 
dust before being admitted into the flask. This he showed to 
be the case by his well-known experiments with flasks with bent 
necks. Into a flask a suitable quantity of the fluid to be ex-
perimented on is introduced, the neck is then drawn out long 
and bent in various directions (Pastern only figures one long 
curve) so as to present obstructions to the entrance of solid 
particles along with the air (see Fig. 3, p. 16). The fluid is 
then boiled for the requisite length of time, and, the lamp 
being removed, ordinary air is allowed to enter. Fluids may be, 
prepared in this way, and preserved for any length of time de-
sired. On the other hand, if the neck be straight, so as to 
allow the dust to fall readily into the flask, organisms appear, 
however long the neck. In the same way, if the neck he 
broken off short, so that there is no obstruction to the entrance 
of dust, organisms rapidly develop. 

In the case of milk the boiling point must be raised to 
about 110° by heating the fluid under pressure, or the milk 
must be boiled for a long time. 

That the cause of the growth of these organisms is not 
continuous, as would be the case were it some known or un-
known force, but that it is the advent to the fluids of solid 
particles floating in the atmosphere, is likewise demonstrated by 
the following experiment. Flasks containing the saccharine 
yeast solution were prepared, and sealed during boiling. These 

flasks being opened in different places, with certain precautions 
against the admission of dust from its neck, &c., air rushed in, 
carrying with it any suspended dust. The neck of the flask 
was again sealed, so as to prevent any further entrance of dust. 
It was thus found that the air in some places and under some 
conditions contained none of the particles which give rise to 
organisms, while, on the other hand, when they were present the 
organisms might be of very various kinds. One of the situ-
ations in wl : ich such flasks could be opened without any de-
velopment of organisms, was in some cellars which had not 
been entered for a long time, and in which the dust had there-
fore settled. Precautions were of course taken that the 
operator neither introduced the particles himself nor stirred 
up the dust of the cellar. 

I may quote one experiment : Le 14 août 1860 j'ai ouvert et 
renfermé dans les caves de l'Observatoire dix ballons contenant de 
l'eau de leyûre de bière, et onze autres ballons de la même préparation 
dans la cour de l'établissement, à 50 centimètres du sol, par un vent 
léger. Tous ont été rapportés le même jour dans l'étuve de mon 
laboratoire, dont la température est de 25 à 30 degrés. J'ai conservé 
jusqu'à ce jour tous ces ballons, tin seul de ceux ouverts dans les 
caves renferme ime production végétale. Les onze ballons ouverts 
dans la cour ont tous fourni des Infusoires ou des végétaux du genre 
de ceux que j'ai déjà décrits.' 

But the greatest blow was given to the views of the hetero-
genists when Pasteur demonstrated that albuminoid materials 
are not necessary for the development of bacteria and fungi, 
but that they can be replaced by crystalline salts, such as 
phosphates and salts of ammonia. He prepared a fluid 
of the following composition, in which these organisms readily 
grew :— 

Ean pure 100 grammes 
Sucre candi . . 10 „ 
Tartrate d'ammoniaque 2 il 5 „ 
Cendres fondues de levûre de bière 4 „ 

' Si l'on sème dans cette liqueur, en présence de l'air cal-
ciné, les poussières qui existent en suspension dans l'air, 



on y voit naître les Baeteriums, les Vibrions, les Mucédinées 
& C . ' 1 

Here there is no question of albuminoid particles com-
bining to form an organism. If they develop here sponta-
neously they must be built up from mineral salts. 

Such is Pasteur's first work—the work which is considered 
by many to have struck the final blow at heterogenesis. Let 
us see what it really does prove. 

It shows that a certain number of boiled fluids prone to 
the development of organisms can be preserved, without any 
growth of organisms in them, in the presence of calcined air 
or of ordinary air, the dust of which has been allowed to settle • 
that the introduction of dust into these flasks is the only con-
dition requisite for the development of organisms ; that the 
source of organisms is something discontinuous—particulate • 
that organisms are not necessarily the result of changes in' 
albuminoid materials, for they grow vigorously in an artificial 
mineral fluid. Further, Pasteur has shown that among the 
particles present in the dust of the atmosphere there are 
spores of fungi and bodies which maybe bacteria or their spores. 

This is all that is proved by these experiments ; and how 
does Pouchet answer them ? By asserting that these solid par-
ticles are not bacteria or their spores, but lifeless particles, 
which under certain conditions become vivified, and appear as 
various forms of organisms? The only possible theory, one 
would think! No. Pouchet disputes the facts. He does not, 
it is true, take the trouble to repeat Pasteur's striking experi-
ment of the flask with bent neck. He simply says: 'C'était 
une erreur.' Further, 'Nous avons refusé de répéter les ex-
periences de M, Pasteur parce que, logiquement, rationnelle-
ment, pour des physiologistes, du moment où il est reconnu 

' It may be mentioned here that, since Pasteur published, other similar 
fluids m which organisms can grow have been employed. Thus Colm uses 
the following:— 

Distilled water . . OA m , , p . 20 c.cm. tartrate or ammonia . o.j_ 
Phosphate of potash . . . .-y § ; r a m n : i e s 

Crystallised sulphate of magnesia . . . . j " 
Tribasic phosphate of lime . . . " 

FIG. 0 3 — ANOTHER MODE OP REPEATING SCHULZE'S EXPERIMENT, 
(PROM POUCHET.) 

He then goes on to describe an experiment ' much more 
'rigorous' than that of M. Schulze. 

'Dans un ballon dont le col placé horizontalement supporte un 
robinet, je mets une certaine quantité d'eau ordinaire. Un corps 
iermentescible renfermé dans un gros tube de verre, et qui a été préa-

1 r previously pointed out that Schwann's experiment, which was occasion-
r « U l i n P a S t e " r ' S h a n d s ' w a s n o t t h a t t 0 w t i c h M. Pouchet alludes, 

thefanLPCv m , 0 V C r m C r C U r y ; a n d P ^ e u r h a s abundantly demonstrated 
me tallacy here and how it can be overcome. 
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que celles de Schwann 1 sont absolument erronées, et je pense 
que pas un seul de ceux-ci ne voudrait aujourd'hui le contester, 
les expériences du chimiste de Paris sont conséqueinment frap-
pées de la même nullité.'2 

Pouchet again returns to the simple experiment in repeti-
tion of Schulze's, which we have previously quoted, but now 
his statement is directly opposed to that formerly made. He 
now says, ' En employant dans cet appareil ' (à simple rentrée 
d'air) 'de la code de farine extrêmement légère, de l'albumine, de 
l'urine, de la bière, du foin, ou de la noix de galle, constam-
ment on voit apparaître des microphytes ou des microzoaires 
après un temps fort court,.' How is this contradiction to be 
reconciled ? Is not the former experiment most likely to be 
correct ? 



lablement chauffé à 150° C. pendant cinq heures, est placé à l'intérieur 
du col de ce ballon : ce tube est fermé par un opercule rôdé à l'émeii 
et scellé hermétiquement avec lui par une substance facilement soluble 
dans l'eau. Le ballon communique avec trois tubes en U et des 
boules de Liebig. L'un de ces tubes contient de la ponce sulfurique, 
un autre de la potasse caustique, et le troisième du coton cardé. 

' Les boules de Liebig sont remplies d'acide sulfurique concentré. 
' A l'aide d'une lampe on met l'eau du ballon en éhullition pendant 

dix minutes, et ce n'est qu'ensuite qu'on articule les tubes en U 
ià l'extrémité du tube de Liebig. Enfin on éteint la lampe, et, tandis 
que l'appareil se refroidit, l'air extérieur y rentre en traversant l'acide 
sulfurique, le coton, la ponce sulfurique et la potasse. Quand 
l'appareil est parvenu à la température ambiante, on fait tomber le 
tube dans le liquide, et lorsque celui-ci a dissous la substance soluble 
qui lute l'opercule, ce dernier s'ouvre et l'eau envahit l'intérieur 
de ce tube. 

' Peu de temps après, constamment on voit la liqueur du ballon se 
peupler de végétaux et d'animaux microscopiques, selon les substances 
que l'on a confinées dans le tube. Jamais en suivant ce procédé 
l'expérience ne manque.' 

Such is the experiment which is more rigorous, certainly 
much more complicated than Schulze's. Nevertheless there 
are numerous loopholes in it. 

Thus this little tube containing the fermentescible material 
is cold, and may be covered with dust when introduced into the 
neck of the flask. It is certainly strange that, in order to be 
certain that organisms should develop, it is necessary to heat 
the great bulk of the. water used, and the putrescible material 
in a small quantity of water separately, and then to unite them 
in the manner described. For Pouchet himself admits that he 
does not always get organisms with Schwann'« simpler method. 

Then, again, it is no easy task to cork thoroughly a vessel 
heated to the boiling point of water ; and the cork used was in 
no way purified. It is true that steam passed over it for a short 
time, but then steam is dry heat, and it is generally admitted 
that dry heat at the temperature of boiling water is not sufficient 
to destroy all organisms. This argument also applies to the dust 
on the wall of the vessels. And then in tilting the vessel to 
introduce the tube into the water, the joints, unless very 
securely fixed, may open, or living dust may be shaken into the 

fluid from the neck or cork, leaving out of consideration the 
fact that it is in all probability carried in with the small tube. 

Pouchet looks on this experiment as completely disproving 
those of Schulze, Schroeder and I)usch, and Pasteur, and why ? 
Because with this apparatushe constantly obtains organisms. How 
then does he explain Pasteur's results ? Pasteur boils his fluids 
for two or three minutes, and finds that they remain barren. 
This experiment can only be answered by Pouchet (so long as 
he adheres to this line of argument) by supposing that Pasteur 
is making a false statement, or that by boiling his fluid he has 
destroyed its power of producing organisms spontaneously. As 
regards the first, a committee composed of the first scientific 
men in France confirm the truth of what Pasteur asserts ; while 
the second can have no force when looked at in the light of 
Pouchet's own experiments; for we find that the latter obtains 
organisms after keeping his fermentescible material at a tempe-
rature of 110° C. for several hours, and boiling the water for from 
30 to 60 minutes. 

Such a method of reasoning and of experimentation would 
not have deserved so much notice were it not for the great in-
fluence which Pouchet's work has exercised and does still exer-
cise on those who have not read or studied it. And I have felt 
it the more necessary to consider his work in detail as he is one 
of the last observers who has maintained a more or less complete 
heterogenesis, and also as I am not aware of any work in which 
his experiments have been subjected to a searching criticism.1 

1 Pouchet's experiments and conclusions' were objected to by Milne-
Edwards, Payen, Quatrefages, Claude Bernard and Dumas, who examined 
them, and also those of Pasteur. 



CHAPTER IX. 

SPONTANEOUS GENERATION (continued). 

The experiments of Jeffries Wyman : explanation of the results : Wyman'g 
views on the subject. Dr. Bastian's views: Cases in which it is still pos-
sible that abiogenesis may occur : Growth in vacuo—Bastian's experiments 
—my own results—Colin's facts—Dr. Roberts's objections, the walls of the 
vessels remain impure—Bastian's reply—Objections to the latter—Gruit-
huiseri's experiments—Paul Bert's results with compressed air—Pouchet 
looks on a vacuum as preventing spontaneous generation—Paul Bert'sresults 
with rarefied air—Dr. Bastian does not always get positive results : Ex-
periments in airless and hermetically sealed flasks raised to a high tem-
perature—Objections—Prof. Huxley's and Dr. Sanderson's statements—Ray 
Lankester's results—Hartley : experiments with alkaline fluids— Roberts's 
counter-experiment. Mr. Lister's experiments. Experiments by Roberts 
and Tyndall. 

OTHER writers, chiefly French and Italian, among whom may be 
mentioned Joly, Musset, and Mantegazza, have supported 
Pouchet, but as their experiments furnish little or no additional 
evidence nor new argument I think it unnecessary to discuss 
them. Those of Joly and Musset will be found in the ' Comptes 
Rendus de l'Académie deg Sciences,' about the same period as 
the papers of Pasteur and Pouchet. 

I must, however, refer at length to the experiments of 
Professor Jeffries Wyman, of Cambridge, U.S. These have been 
largely quoted by the supporters of heterogenesis, as proving 
their view, though it ought to be borne in mind that Wyman 
himself expressed no such opinion. It must be confessed that 
at first sight the experiments seem difficult of explanation on 
the Panspermic theory, and it is the more necessary to scrutinise 
them carefully, as he has evidently approached the subject, with 
a perfectly unbiassed mind, and has therefore simply recorded 
his facts without attempting to force any definite conclusion on 
this question from them. 

The following are the facts which have been adduced by 
supporters of spontaneous generation as favouring their views. 

Flasks were prepared in three ways: 
1. 'The materials of the infusion were put into a flask' 

(the general relation between the quantity of fluid and the 
capacity of the flask was, that about 20 c.cm of fluid were 
introduced ir.to flasks of about 500 c.cm. of capacity) 'and 
a cork through which passed a glass tube drawn out to a 
neck was pushed deeply into the mouth of it. The space above 
the cork was filled with an adhesive cement composed of resin, 
wax, and varnish. The glass tube was bent at a right angle 
and inserted into an iron tube and cemented there with plaster 
of Paris. The iron tube was filled with wires, leaving only very 
narrow passage ways between them.' 

Into these flasks such fluids as sugar, gelatine, and hay 
infusion—cheese, sugar, and gelatine—flesh, sugar, and gelatine, 
&c., were introduced, and boiled for periods varying from fifteen 
minutes to two hours, while at the saine time the iron tube, 
filled with wires, was heated to redness. On withdrawing the 
lamp from the flask, the air which entered passed over these 
heated iron wires. When cold the flasks were sealed with the 
blow-pipe. Fourteen vessels were prepared in this way. and in 
ten of these, when opened after the lapse of various periods of 
time, organisms were found, generally vibriones and bacteria. 
The other four remained barren. 

2. In a second set of experiments the cork in the neck of 
the flask was avoided, the neck itself being drawn out and bent 
at right angles, and into the orifice of this tube the iron tube 
was cemented. The other conditions were the same as in No. 1. 

Similar fluids were used here as in the former case, such as 
gelatine and sugar with a few drops of urine and milk, beef 
infusion, &c. Thirteen flasks were treated in this way, and in 
all organisms appeared. 

3. In others the flask was sealed at the ordinary temperature 
of the room, after the fluid to be tested had been introduced, 
and then it was submerged for a variable period in boiling 
water. This was a repetition of the experiments of Needham 
and Spallanzani. In all the flasks so treated organisms de-
veloped. 



Four experiments were made under pressure, and of these 
two gave evidence of life ( ' monads and vibrios '), the other two 
remaining barren. 

Such facts coming from an accurate and totally unprejudiced 
observer cannot be dismissed lightly. It is quite evident, on 
reading Wyman's paper, that the facts are accurately narrated, 
and we must therefore see whether any flaw can be detected in 
the method of experimentation, and we must attempt to find 
some explanation of results so diametrically opposed to those 
obtained by Pasteur which are, it must be remembered, equally 
indisputable. 

Now, if we compare this method with that adopted by 
Pasteur, we shall see that with one exception the essential 
details are the same. This exception is, however, an extremely 
important one, and is probably the explanation of the diverse 
results obtained by several honest workers, and even by the 
same worker at different times. Pasteur takes a flask having a 
capacity of 250 to 300 c.cm., and into this 100 to 150 c.cm. 
of the liquid are introduced. Wyman uses flasks varying from 
500 to 800 c.cm. in capacity, and into these he puts 12 to 40 
c.cm. of the liquid. (In neither case was there any attempt 
at preliminary purification of the walls of the flask or of the air 
in the interior.) In Pasteur's experiments the fluid occupies 
-t or more of the capacity of the vessel; in Wyman's only J? 
to 3V part. 

Such is the only important difference between their methods; 
and this affords, I believe, sufficient explanation of the opposite 
results. For in Pasteur's flask only a proportionally small 
part of the wall of the flask has to be purified by the steam, 
and the extent of this part is of course much diminished by 
the ebullition of the fluid during boiling. There is also in 
Pasteur's flask only a very small quantity of air, with its dust, 
to be acted on. It is thus not to be wondered at that a 
barren result was obtained. But in Wyman's experiments 
by far the greater part of the flask and of its contents is 
impure, and can only be purified by the steam. Now steam, as 
heat, must be looked on as dry heat, and it is stated by Wyman, 
in a later publication,1 that certain forms of organisms may 

1 American Journal of Science, vol. xliv. 1867. 

res i s t the prolonged application of even a higher dry tempera-
ture than 212° F. Wyman also points out that the tempera-
ture of the air even half an inch above the surface of boiling 
water is many degrees below the boiling point. How much lower 
then will this temperature be at the orifice of this large flask 
during the greater part of the time in which the fluid is 
boiled ? But even admitting that steam is moist heat (what I 
am by no means disposed to allow) several remarkable instances 
of vegetable growth at high temperatures are produced by 
Wyman, in one case even at a temperature of 208° F. 

Such is the explanation I would give of Wyman's results, 
and that this is a true explanation will be very evident when I 
come to the consideration of the method of experimentation 
adopted by Mr. Lister. This explanation accords in every way 
with my own experience, in which I could point to several 
similar instances. 

As I have said, Wyman is generally quoted in support of 
the theory of spontaneous generation, and at one time I thought 
that he had entertained that view, but the following facts 
brought to my notice by his brother, Dr. Morrill Wyman, show 
that he never gave any expression of opinion on this point, and 
that he appreciated the possibility of such an explanation of his 
results as I have given. 

His first article is entitled ' Experiments on the formation 
of infusoria in boiled solutions of organic matter enclosed in 
hermetically sealed vessels and supplied with pure air," and his 
second, ' Observations and experiments on living organisms in 
heated water.'2 With regard to the object of his research he 
says, ' The observations and experiments contained in this com-
munication have not been brought together either for sustain-
ing or refuting the doctrine (spontaneous generation) just 
referred to, but partly with the view of testing the accuracy of 
the experiments formerly made, and chiefly for the purpose of 
determining how far the life of certain kinds of low organisms 
is either sustained or destroyed in water which has been raised 
to a high temperature, a result which must be reached before 
spontaneous generation can be either asserted or denied.' 

1 Silliman's; Journal, vol. xxxiv. 1802. 
2 Ibid, vol. xliv. 1SG7. 
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With regard to his experiments he says, ' In the first 
experiments the red hot tube, beyond a question, destroys all 
organisms contained in the air which enters the flask through 
it, but is without effect on such as may be contained in the 
solution, or adhere to the inner surface of the glass. These 
come in contact only with boiling water or steam, and unless 
destroyed by one or the other of these would be sufficient to 
vitiate any experiment, however careful the adjustment and 
heating of the tube may have been. We therefore believe that 
the tube is an unnecessary and useless complication of the 
apparatus.' 

In another set of experiments it was shown ' That if the 
boiling of the flasks was continued for four hours, the infusoria 
may appear nevertheless—though in other cases it has happened 
that life ceased to be manifested if it was continued only for 
two hours.' ' In pushing the experiment still further, we have 
not found that infusoria appeared in any instance if the boiling 
was prolonged to five or six hours.' Several experiments, in 
which many flasks were used, were tried, but ' the result was 
uniformly the same. Thus a limit to the development of 
infusoria in boiling water was reached.' Dr. Wyman tells me 
that in the summer of 1880 he examined one of these flasks, 
which is marked as having been prepared in June, 1867, and 
which has remained unopened ever since. 'Judging by the 
signs above given' (absence of scum, of muddiness, or of fer-
mentation) ' there is no evidence of infusorial life.' 

The last defence of heterogenesis which it is necessary to 
consider is that by Dr. Bastian.1 He gives up the theory of 
organic molecules derived from previously living molecules, 
and attempts to demonstrate that vital force and living matter 
may arise de novo under the action of the ordinary physical 
forces—heat, light, electricity, &c. This change of fronton the 
part of the heterogenists is clearly brought about by the over-
whelming evidence produced against Pouchet's views, and more 
especially by Pasteur's success in cultivating organisms from 
dust in fluids containing no organic matter. A further admis-
sion is made which somewhat simplifies the question, viz., that 
organisms have the power of self-multiplication. 

1 The Beginnings of Life, 1872, &c. 
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The limitation of cases of spontaneous generation, which 
has been gradually taking place, is exceedingly instructive. 
Beginning with the higher animals, it became gradually more 
limited, frogs, flies, &c., being by degrees excluded, till now it 
is only in the case of the lowest forms of life that the doctrine 
is asserted, and even there only in certain instances. The cases 
which are yet doubtful are given by Bastian in the work 
quoted, and may be grouped into three divisions. 

I. The first division relates to the development of organisms 
in various fluids, more especially in vacuo—a condition which 
Pouchet looked on as inimical to life! 

Into flasks portions of various infusions were introduced. The 
latter were then boiled for from ten to twenty minutes, and hermeti-
cally sealed while still boiling. The fluids used were turnip and hay 
infusions, and also solutions of certain salts, chiefly citrate of iron 
and ammonia containing portions of wood, cheese, &c. 

The conditions of the first experiment mentioned are very 
striking and unusual. 

'A closed flask containing a very strong infusion of bay 
(boiled for five minutes), to which had been added th part of 
carbolic acid, was opened twelve days after it had been hermeti-
cally sealed.' Bastian states that this flask contained organisms 
of a peculiar form. 

Such a statement as this, that a saturated sol ution of carbolic 
acid (for a watery fluid at the ordinary temperature containing 
isth part of carbolic acid is saturated) can permit the growth 
of organisms, is absolutely opposed to all experience and ex-
periment, In experimenting with turnip infusion, cucumber 
infusion, &c., I have never been able to grow any sort of organ-
ism in these fluids, when they contained a larger proportion of 
carbolic acid than ^ t h part, even though several drops of fluids 
swarming with bacteria were introduced. Further, I have lately 
performed the following experiment:—In January 1880 I intro-
duced carbolic acid into flasks containing, strong unboiled hay 
infusion so as to have a strength of the acid present, varying from 

m 20 to 1 in 200 parts. These flasks were then covered with 
cotton-wool caps, and placed in an incubator. When examined 
s^ weeks later, there had not yet appeared in any one of them 

N 



any sort of organism. And lastly, this statement, that organ-
isms can develop in acid fluids after boiling, is contrary to"the 
whole tenor of Dr. Bastian's later remarks, for his strong point 
is the development of organisms in alkaline—not in acid—fluids 
after prolonged boiling. 

Bastian also employs turnip and hay infusions (without 
carbolic acid) and solutions of such salts as citrate of iron and 
ammonia, and he finds that a slight sediment occurs which 
contains organisms. He generally has to introduce such 
things as deal wood, cheese, &c., in order to get this result. 

With regard to experiments on such fluids as hay infusion 
and turnip infusion without cheese, I may state that I have 
quite lately repeated them with exactly opposite results. At 
first I proceeded to repeat them, following closely Dr. Bastian's 
directions, in the expectation of getting organisms, and looking 
out for some explanation of their occurrence. The physical 
forces, or whatever else it may be, were, however, not favourably 
disposed for spontaneous generation at the time and place 
where I performed those experiments, for to my surprise I 
was unable to obtain any development of organisms. I tried 
several modifications, in the hope of finding the cause of then-
absence, but whichever of these vegetable fluids I used I was 
able, with proper precautions, to preserve them with the 
greatest ease. Some specimens were very difficult to filter, 
and in some a slight muddiness occurred on boiling, and the 
granular deposit might very readily be mistaken at first sight 
for organisms, though some care and experience would easily 
prevent such an error. But I have boiled the fluids for 
a few minutes and then filtered them under pressure (I could 
not in this way remove any of Dr. Bastian's supposed physical 
forces), and having thus obtained a perfectly clear liquid, 1 
treated it like the others. There was now no deposit, and 
nothing which could be mistaken for organisms. 

No doubt other observers have produced evidence which 
apparently at first sight supported Dr. Bastian's views. I 
refer to the class of experiments in which prolonged boiling 
was required for sterilisation, but many of these results depend, 
I believe, on the same causes as Wyman's, viz., imperfect puri-
fication of the walls of the flasks and of the air in their interior, 

while the fact, that in some instances such resistance was met 
with, surely implies the presence of some form of encysted 
organism or resisting spore, or of an organism placed under 
conditions in which it is not perfectly heated, rather than 
some rare form of organic molecule or physical force. 

The former view—that there is present in the infusions 
some form of resisting spore which can withstand the high 
temperature—was shown by Cohn to be correct in the case of 
the experiments where portions of cheese were introduced.1 

lie repeated Bastian's chees.; experiments with great care, and 
found that after exposure to a temperature of 100° C. for ten 
minutes, organisms still developed in the mixture of cheese 
and turnip. He, however, observed that these organisms were 
always of one form (Bacillus subtilis), and that Bacterium termo 
and other forms were absent. On investigating this subject 
further he found that these bacilli did not merely grow in the 
form of long rods, but that they produced spores, and lie had 
previously ascertained2 that the spores of these organisms were 
possessed of peculiar resisting powers. Indeed, such was their 
power of endurance under high temperatures, that if some 
satisfactory explanation could be given why they should 
always occur in these experiments, the whole mystery would 
be solved, and the theory of spontaneous generation would no 
longer be supported by these facts. 

Cohn therefore turned his attention to the manufacture of 
cheese. The Swiss cheese is made in the following manner : 
milk is placed in large copper vats, and is coagulated by the 
addition of rennet. This is allowed to stand for a quarter of 
an hour, and then, after having been kept at a temperature of 
from 55° to 60° C. for an hour, it is broken up into small 
masses. These are now taken up in a cloth, placed in a 
mould, and pressed for twenty-four hours. The cheese is then 
taken out of the mould, transferred to a cellar, and kept at a 
temperature of 10° to 12° C. for several months, salt being 
daily rubbed over its surface. Lastly, it is stored till it 
attains its full ripeness. 

1 See Uitermelmngcn iiber Bacterial, Calm's Beitrdge zur Biuhaie der 
"Jianzen, Erster Band, Drittes Heft, p. 188. 

2 Colin, ibid., Heft 2, p. 176. 
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The only stage in the process which it is necessary to con-
sider is the ripening of the cheese. Cohn points out that this 
is a true fermentation due to the growth of organisms; this 

F I G . 64 .—BACILLUS SUBTILIS ; WITHOUT SPORES ; WITH SPORES IN THE 
R O D S ; FREE SPORES; X 600 (AFTER COIIN). 

fermentation begins during the first twenty-four hours, while the 
curcl is still under the press, and is accompanied by the develop-
ment of large quantities of gas. The slower development of 

this gas, which occurs later, explains the 
formation of cavities in the cheese. The 
chemical change consists in the partial 
transformation of the milk sugar into 
butyric acid. The preliminary heating 
to 55° or 60° C. kills all the organisms 
except the bacilli which give rise to this 
butyric fermentation. On examining 
the rennet Cohn found that it was full of 
bacilli, many of which contained spores, 

By the addition of 
to the milk enormous num-

bers of these spores are sown in it, and 
the subsequent stirring mixes them 
These spores escape death at the tem-
C., and develop in the cheese, thus 
They have been shown to resist high 

FIG. 65 .—DEPOSIT IN 
RENNET, CONSISTING 
OF A MASS 01.' MICRO- and of free spores. 
COCCI AND SPOKES OF . I , L 

BACILLI, X 6 0 0 ( A F - T H E RENNET 
TER COHN). 

thoroughly with it. 
perature of 55°—60° 
causing its ripening. 

temperatures, and, when used in Bastian's infusions, they are 
not destroyed, and thus we have a satisfactory explanation of 
the frequent development of bacilli in these experiments.1 

The other view—that the organisms were imperfectly 
heated—was urged against Dr. Bastian's experiments by Dr. 
Roberts as long ago as 1873. After pointing out that atmo-
spheric germs may get into the flasks at the time of sealing, he 
goes on to a second source of error, which he considers much 
more important. ' It is this: Dr. Bastian's process does not 
insure that the entire consents of the flask are effectively 
exposed to the boiling heat.' He refers to the difficulty in 
boiling milk and other substances, owing to the spurting and 
frothing of the fluid ; but he shows that if this is avoided by 
simply immersing the flasks in boiling water, the difficulty in 
rendering them ban-en is overcome. He says: ' The essential 
conditions of the experiment are first the effective exposure of 
the whole contents of the flask to a boiling heat; secondly, 
the absolute prevention of any fresh entrance of extraneous 
solid or liquid particles ; and the conclusion I have come to is 
that if these conditions are rigidly observed, the flasks remain 
barren. If they do not remain ban-en it is simply because one 
or other of these conditions has not been observed.' 

In answer to this Dr. Bastian2 replies : ' I feel quite sure 
that in my experiments no portion of the inner surface of the 
glass has escaped the scathing action of the boiling fluid. The 
vessel has generally been more than three-fourths full before 
the process of heating has been commenced, so that where 
ebullition occurs the fluid has always swept over the previously 
uncovered inner surface and, as Dr. Sanderson testifies, " dur-
ing the boiling some of the liquid was frequently ejected from 
the almost capillary orifice of the retort." The inner surface of 
the vessel was, in fact, always thoroughly and repeatedly 
washed with the boiling fluid, nearly half of which has been 
spurted away in order that I might effect this object,' 

Now it is just the spurting of the liquid which is so danger-

1 The experiments of Huizinga, on which Bastian lays great stress, have 
been refuted by Samuelson (Pfliigers Arcliiv, viii. p. 277) and by Gscheidlen 
(Und. ix. p. 163). 

2 Nature, February 27, 1873. 



/ous5 for, with the bubbles, solid particles are carried up and 
deposited on the neck or sides of the flask, out of reach of the 
boiling liquid, and they may not be acted on by the frothing 
fluid. I also very much doubt if a bubble of steam sweeping 
over the wall is to be regarded as a very efficient way of 
applying moist heat ; certainly it is not so efficient as boiling 
in a fluid. That greater success is obtained when this spurt-
ing and frothing do not take place has been stated by Dr. 
Roberts, and this statement is quite confirmed by Mr. Lister's 
experience with milk, where he uses the method of immersion 
with perfect success, and for the same reasons. 

But surely this view, that the walls of the vessels remain 
impure, is the only way in which Bastian's facts can be recon-
ciled with Gruithuisen's experiments mentioned by Bastían 
himself in a paper read before the Royal Society on March 
20th, 1873. I will just quote Dr. Bastian's remarks and 
experiments in connection with this paper. It is to be observed 
that Bastian used this method for ascertaining the death-point 
of bacteria, and the title of the paper in which these state-
ments occur is, 'On the temperature at which bacteria, 
vibriones, and their supposed germs are killed when immersed 
in fluids or exposed to heat in a moist state.' 

He says : ' It was pointed out by Gruithuisen early in the 
present century, that many infusions, otherwise very productive, 
ceased to be so when they were poured into a glass vessel whilst 
boiling, and when this was filled, so that the tightly fitting 
stopper touched the fluid. Having myself proved the truth of 
this assertion for hay infusion, it seemed likely that, by having 
recourse to a method of this kind I should be able to lower 
the virtues of boiled hay and turnip infusions to the level of 
those possessed by the boiled saline solution with which I had 
previously experimented, that is, to reduce them to a state in 
which, whilst they appear quite unable of themselves to en-
gender bacteria or vibriones, they continue well capable of 
favouring the rapid multiplication of such organisms. 

' This was found to be the case, and I have accordingly per-
formed upwards of 100 experiments with inoculated portions of 
these two infusions raised to different temperatures. The mode 
in which the experiments were conducted was as follows : 

< Infusions of hay and turnip of slightly different strengths were 
employed. These infusions having been first loosely strained through 
muslin, were boiled for about ten or fifteen minutes, and then whilst 
boiling'strained through ordinary Swedish filtering paper into a glass 
beaker, which had previously been well rinsed with boiling water. A 
number of glass bottles or tubes were also prepared, which, together 
with their stoppers or corks, had been boiled in ordinary tap water 
for a few minutes. They were taken out full of the boiling fluid, and 
the stoppers or corks being at once inserted, the vessels and their 
contents were set aside to cool. When the filtered infusion of hay or 
turnip had been rapidly cooled down to about 110° F. (by letting the 
beaker containing it stand in a large basin of cold water), it was 
inoculated with some of a turbid infusion of hay swarming with 
active bacteria and vibriones, in the proportion of one drop of the 
turbid fluid to each fluid ounce of the now clear filtered infusion. 
The beaker was then placed upon a sand bath, and its contained fluid 
(in which a thermometer was immersed) gradually raised to the 
required temperature. The fluid was maintained at the same 
temperature for five minutes by alternately raising the beaker from 
and replacing it upon the sand bath. The bottles to be used were 
then one by one uncorked, emptied, and refilled to the brim with the 
heated inoculated fluid. The corks or stoppers were at once very 
tightly pressed down, so as to leave no air between them and the 
surface of the fluids. The beaker was then replaced upon the sand 
bath and the gas turned on more fully, in order that the experimental 
fluid might be rapidly raised to a temperature 9° F. (5° C.) higher 
than it had been before. After five minutes' exposure to this tempera-
ture, other bottles were filled in the same manner, and so on for the 
various temperatures, the influence of which it was desired to test.' 

These bottles were kept at a temperature of from 65° to 75° 
F. The results were as follows:— 

'The experimental results here tabulated seem naturally 
divisible into three groups. Thus, when heated only to 131° F. 
all the infusions became turbid within two days, just as the 
inoculated saline solutions had done. Heated to 158° F. all 
the inoculated organic infusions remained clear, as had been 
the case with the saline solutions in my previous experiments, 
when heated to 140° F. There remains therefore an inter-
mediate heat zone (ranging from a little below 140° F. to a 
little below 158° F.), after an exposure to which the inoculated 
organic infusions are apt to become more slowly turbid, although 



inoculated saline solutions raised to the same temperature in-
variably remain unaltered. . . . we may quite safely conclude 
that bacteria, vibriones, and their supposed germs are either 
actually killed or else completely deprived of their powers of 
multiplication after a brief exposure to the temperature of 158° 
F. (70° C).' 

With the conclusions drawn from these experiments as to 
the death point of bacteria, I, for the most part, agree, but I 
shall have to refer to them again presently. I have introduced 
the facts here, because I believe that they add strong confirma-
tory evidence of one of the explanations of Bastían's results 
which I have been trying to establish, viz., that in many cases 
the organisms which appeared in his fluids after boiling did 
not arise de novo, but were derived from particles on the walls 
and in the air of the vessel, which had not been deprived of life 
For in G-ruithuisen's experiments and in Bastian's repetition 
of them, there was no part of the wall of the vessel nor any air 
in the interior left to be acted on by more or less dry heat. 
The vessel was filled with fluid, and all the particles in it were 
subjected to moist heat. And here the high temperatures 
required in the other cases were not necessary. A temperature 
of 158° F. continued for a very short time was sufficient to 
render the liquid permanently barren.1 

1 It is of great interest to mention here the difficulties experienced by Dr. 
Paul Bert in attempting to preserve meat after subjecting it to high pressure 
( ' La pression barométrique,' p. 880). 

' Ainsi, dans mes premières expériences, lorsque je voulais conserver une sub-
stance, après l'avoir soumise à la compression, je fermais d'un bon bouchon de 
liège le flacon où elle était placée : ce bouchon était percé d'un trou, et lorsque 
j'avais retiré le flacon de l'appareil, j'appliquais sur cet orifice lin une goutte 
de cire fondue, avec laquelle, du reste, je cachetais tout le bouchon. 

' Je ne tardai pas à apprendre que cette précaution était insuffisante. Les 
bouchons, môme neufs, même lavés, même chauffés recèlent trop souvent des 
germes encore en activité. J'eus alors recours aux matras, ballons, tubes, que 
j'étirais à la lampe, après y avoir introduit la substance en expérience ; le 
trou presque capillaire de la partie étirée permettait à l'équilibre de pression 
de s'établir. 

' Je m'aperçus encore, à mes dépens, que les germes restés à l'état sec sur les 
parois du petit récipient suffisaient, surtout quand il s'agissait de la putréfac-
tion, mon laboratoire de dissection en étant bourré, pour troubler les phénomènes. 
Je ne pouvais me mettre sûrement à l'abri qu'en ajoutant un peu d'eau et eu 
remuant avec soin le récipient, avant de la soumettre à la compression, afin 
de tuer en même temps et les germes contenus dans la substance, et ceux des 
parois qui se trouvaient mouillés.' 

But was the fluid in these vessels in any special condition 
which prevented the origin of organisms ? It is to be observed 
that when the heat was not high enough to kill organisms, they 
developed readily, there was then nothing in the conditions 
which prevented the development of organisms. The only 
difference in the two sets of experiments, and it seems to be 
indicated by Bastian, appears to be that in Bastian's former ex-
periments the fluids were under diminished atmospheric pres-
sure, while here they were not. The conclusion then apparently 
is that a vacuum is better suited for the spontaneous origin of 
organisms than the normal pressure ; and that such is Bastian's 
view is openly stated by him, and among facts in support of it 
we find the admission that turnip infusion, urine, and some-
times hay infusion, may remain for an indefinite time in Pas-
teur's flasks with open bent necks without any development of 
organisms in them, while in a vacuum organisms arise in 
similar fluids, especially if a piece of cheese has been added to 
them. 

We must therefore see if any other facts favour this in vacuo 
idea. As I have already stated, Pouchet, who is largely quoted 
by Bastian, states distinctly that a vacuum is most unfavourable 
for the occurrence of spontaneous generation, and he employs a 
vacuum for repeating some of Pasteur's experiments, in order to 
showthatas soon as air is admitted,spontaneous generation occurs. 

And in regarding a vacuum as inimical to life when com-
pared with the ordinary atmospheric pressure, Pouchet was 
correct, as will be evident from the following quotations from 
Paul Bert's recent remarkable work, entitled 'La Pression baro-
métrique.' 

On submitting seeds to low pressures he found that germi-
nation was much delayed. 

Thus in his 350th experiment he sowed barley in earth in three 
pots, and placed them : 

A under a glass at the normal pressure. 
B >, „ at 50e- of pressure. 
C » ,, at 25°' ,, ,, 

Five days later in A the shoots were numerous, very green and 
very firm, measuring about 10°-

B less numerous,' less green, measuring about 8C" 
C still 'ess, measure about 6e-



Next clay these shoots were cut off at the level of the grain, dried 
and weighed : 

End shoots of A weighed 8ms-8. 
„ „ „ B „ 7»w-l. 
„ ;, „ C „ 6-8-2. 

A low pressure was also found to be inimical to vegetation. 

Thus to take his 359th experiment: 
A number of sensitive plants about 10c- in height were each 

placed under a bell jar on August 1. 
August 1. A at 60c- of pressure. 

B „ 50°- „ 
C „ 25- „ „ 

August 3. Some leaves have fallen from C. 
August 6. A leaflets sensitive and open. 

B „ half open and little sensitive. 
C „ completely closed. 

August 7. All restored to normal pressure. 
They are all sensitive, but C much less so than the others. C 

does not close well this evening. 
August 9. A is all right, very sensitive. 

B. Little sensitive—sickly, yellowish. 
C. Leaves falling off—dying. 

A similar result was obtained when putrescible substances 
were submitted to varying degrees of low pressure. 

Thus in experiment 386 the muscles of a clog were placed : 
A at the normal pressure. 
B at 38°- of pressure. 

Four days later A was horribly putrid. 
B is a little less putrid. 

Experiment 392.—On January 17, equal sized morsels of meat 
were placed : 

A in a pressure of half an atmosphere. 
B at the ordinary pressure. 

Other two, C and I) containing increased amounts of oxygen. 
January 25. The meat, which is the least altered in appearance, is 

A. The pieces which are most altered are C and D. 

Without multiplying the experiments, I may give his results. 
To quote his own words : 

• Si nous envisageons d'abord celles de nos expériences qui 
ont porté sur la diminution de pression, nous voyons d'une 
manière nette que dans l'air raréfié la putréfaction a été nota-
blement ralentie et l'oxydation diminuée. 

' Mais ces résultats n'ont rien de bien extraordinaire ; l'on 
savait depuis longtemps que la putréfaction n'a pas lieu dans 
le vide, et il était tout naturel de penser qu'elle serait d'autant 
moins active que l'air serait plus raréfié.' 

Dr. Bastian does not always obtain these results (growth of 
organisms) with infusions containing cheese, &c.' If he uses the 
rind of the turnip in preparing the turnip infusion spontaneous 
generation may not occur ! At least such is Dr. Bastian's ex-
planation of his failure to get organisms in one or two instances. 
An experiment is also narrated in Dr. Sanderson's letter in which 
the walls of the flasks were thoroughly purified by heat before 
the introduction of the fluid, in order to see whether the organ-
isms were or were not attached to the walls of the vessels. But 
this experiment is completely nullified by the mode in which 
the flasks were afterwards filled, for Dr. Bastian charged them 
by ' breaking off their points ' (they had been sealed when hot) 
'under the surface of a neutral infusion of turnips and cheese, 
freshly prepared for the purpose without employing any of the 
rind.' Here the previous purification of the walls of the vessels 
was useless, for they were again soiled by the unpurified fluid 
passing into the flask. 

II. The second series of facts on which Dr. Bastian bases his 
arguments is, that certain solutions may be exposed in airless 
and hermetically sealed flasks to a temperature of 270" to 275° F. 
for 20 minutes, and yet that organisms may subsequently de-
velop in these flasks. Such fluids are chiefly strong infusions 
of turnip rendered alkaline by liquor potassa;. 

Now I have already referred at length to the error that the 
organisms may not be subjected to moist heat at all, and my 
remarks apply here also. For 275° F. is not always sufficient 
as dry heat. 

But I would remark—and this may apply to some of the 
See letter by Dr. Burdon-Sanderson in Nature of January 0, ] 873. 
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first series of experiments—that in only one or two cases were 
numerous and distinct bacteria found; and I have ventured 
to think that in some of the other cases the deposit which 
occurred was simply due to imperfect filtration, and contained the 
forms described, these forms not having developed since the 
introduction of the fluid into the flask. For, I would ask, if 
they had developed anew, why was the fluid not full of them ? 
Why was there only a slight deposit ? When organisms are 
really present in cultivating fluids (as in some of Bastian's 
experiments) they fill the fluid and render it turbid, often 
with a scum on the surface. 

In some flasks various forms of organisms were found, and 
fungi were present in the deposit at the bottom, more especially 
when tartrate of ammonia was used. In some cases Dr. 
Bastian mixed deal wood with the fluid, and found bodies like 
vegetable cells, which were undoubtedly portions of the wood. 
With regard to the fungi, Dr. Bastian has himself pointed out 
that crystals of tartrate of ammonia, when old, generally con-
tain fungi in their interior. 

Professor Huxley, in ' Nature ' for October 13, 1871, stated 
that he had seen Dr. Bastian's experiments and preparations, 
and expressed his belief that the organisms which Dr. Bastian 
got out of his tubes were exactly those which he put into them, 
that in fact he had used impure materials, and that what he 
imagined to be the gradual development of life and organisation 
was the simple result of the settling of these solid impurities. 
For instance, he relates how on one occasion Dr. Bastian showed 
him a specimen of a fungus developed spontaneously, which 
Professor Huxley recognised as a fragment of the leaf of a 
Sphagnum, and that it was so he ultimately, after great diffi-
culty, convinced Dr. Bastian. 

On the other hand, it is but fair to Dr. Bastian to admit 
that these settled impurities were not the only things which he 
got, and that in reality in some cases undoubted organisms 
developed. Dr. Burdon-Sanderson, in the letter just quoted, 
says : 'The accuracy of Dr. Bastian's statements of fact, with 
reference to the particular experiments now under consideration, 
has been publicly questioned. I myself doubted it, and ex-
pressed my doubts if not publicly, at least in conversation. 1 
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am content to have established, at all events to my own satis-
faction, that by following Dr. Bastian's directions infusions can 1 

be prepared which are not deprived, by an ebullition of from 
live to ten minutes, of the faculty of undergoing those chemical 
changes which are characterised by the presence of swarms of 
bacteria, and that the development of these organisms can pro-
ceed with the greatest activity 'n hermetically sealed flasks, 
from which almost the wdiole of the air has been expelled by 
boiling.' Cheese was used in most of the experiments which 
Dr. Sanderson witnessed. 

Among others who have been unsuccessful in repeating Dr. 
Bastian's experiments may be mentioned Dr. E. Bay Lankester. 
In 'Nature' for January 30, 1870, he says, ' In numerous ex-
periments with turnip solution made by Dr. Poole and myself 
recently in the Laboratory of the Regius Professor of Medicine 
of this University, we found that under the conditions given in 
Dr. Bastian's book, no life was developed, a result contrary to 
that obtained by him in 999 cases out of 1000.' 

The fallacy of Dr. Bastian's experiments with saline solu-
tions was well demonstrated as long ago as 1872 by Mr. Hartley.2 

In no instance was he able to confirm Dr. Bastian's statements. 
In his first experiment he made a fluid consisting of a 5 per cent, 
solution of tartrate of ammonia and phosphate of soda in distilled 
water slightly acidified with tartaric acid. Several tubes were 
filled with these solutions, and were heated for four hours to a 
temperature of 150° C. They were afterwards kept at a tem-
perature of about 25° C. In none of them did any organisms 
develop, but in some he found that a slight deposit occurred 
which apparently was what Bastian had taken for a develop-
ment of organisms. On examination this deposit was found to 
be inorganic, and to consist of silica alone. ' The disodic phos-
phate had attacked the glass, the silica deposited on standing, 
and hence the jelly-like mass.' He adds further, in reference 
to Dr. Bastian's use of magenta as a test for fungi, that magenta 
also stains silica.3 Hartley does not consider these solutions 

1 The italics are my own. 
2 Proceedings of the Royal Society, vol. xx. 
3 Dr. Frankland (Nature, January 19, 1871), in whose laboratory Dr. Bastian 

had performed these experiments, was not satisfied with the results, and 
repeated some of the experiments, using a solution of carbonate of ammonia 



capable of supporting life. In another set of experiments he 
kept the tubes at a fluctuating temperature, which is another 
of the conditions which Dr. Bastian considers favourable to 
spontaneous generation ; but here also there was no develop-
ment. Similar experiments, which gave similar results, were 
made with turnip infusions and with urine boiled and filtered 
from mucus. After keeping such fluids in vacuo for a long 
time they were exposed to air, filtered through cotton wool, and 
kept at fluctuating temperatures without any development; but 
when they were exposed to unfiltered air under the same 
conditions, organisms rapidly developed. 

Dr. Bastian 1 says : ' The disruptive agency of heat is fairly 
enough supposed by the evolutionists to destroy some of the 
more mobile combinations in each solution—to break up more 
or less completely, in fact, those very complex organic products 
whose molecular instability is looked upon as one of the con-
ditions essential to the evolutional changes which are supposed 
to take place.' With regard to this Hartley remarks, ' Before 
granting such a supposition it would be necessary to know, first, 
what are the " very complex organic products " of such peculiar 
" molecular instability " existing in a solution of tartrate of 
ammonia, sodic phosphate, acetate of ammonia, oxalate of am-
monia, in a solution of sugar and calcined yeast, in turnip 
infusion, or any other putrescible liquid. My experiments show 
that there is no such disruptive agency in a high temperature; 
that it does not influence the "more mobile combinations" 
either in solutions of organic salts or vegetable infusions; . . . 
Dr. Bastian records the development of organisms in a liquid 
heated as high as 153° C. ; yet the assumed "disruptive agency 
of heat" is supposed to have influenced the results of Schwann 
and Pasteur at a temperature of 100° C.! His experience is 
contradictory to his own theory, and at the same time to the 
experiments of others to which his theory raises objection.' 

and phosphate of soda, as had been done by Bastian in one of his experiments. 
He also states that the figure of eight particles and bodies which Dr. Bastian had 
mistaken for living organisms were merely ' particles of glass which had he-
come detached from the inner walls of the tube by the corrosive action of the 
enclosed liquid at the high temperature to which it bad been exposed in the 
' digester.' 

1 Nature, vol. i. p. 17G. 

III. The third, and indeed the only series of experiments 
which can still be held to be worthy of consideration, are those 
with alkaline fluids which, as is well known, are more difficult 
to sterilise than acid or neutral fluids. Dr. Bastian states that 
even though superheated, organisms may develop in them. 

This difficulty in purifying alkaline fluids was long ago re-
cognised by M. Pasteur, and was attributed by him to imperfect 
wetting of the organisms. 

However that be, Dr. Roberts 1 has conclusively proved that 
this is not a case of spontaneous generation, for lie has shown 
that while on the one hand an alkaline fluid is very difficult to 
sterilise, yet as the same fluid without the caustic potash is very 
easily rendered barren, and as the caustic potash is pure, if each 
be sterilised separately and then brought together, without any 
fresh access of dust, the fluid still remains pure; in other words, 
the caustic potash does not determine spontaneous generation. 
He shows, in fact, that the potash acts by increasing the re-
sisting power to heat of the particles, which are the forerunners 
of organisms—not by increasing the abiogenic aptitude of the 
infusion. 

Ten flasks were charged with unneutralised hay infusion. Five 
of these were simply plugged with cotton wool, and boiled over the 
flame of a lamp for five minutes. The other five were also plugged 
with cotton wool, but through the centre of each plug there passed 
an hermetically sealed glass tube bent obliquely, and containing the 
quantity of liquor potass® requisite to neutralise the fluid in the 
flask. These tubes had been previously heated (after being charged 
with liquor potass® and sealed) in oil up to 121° C. in order" to 
destroy any organisms they might contain. The flasks thus prepared 
were then boiled over the flame for five minutes. At the end of a 
fortnight their contents were unchanged. The tube was now broken 
and the liquor potass* mixed with the fluid. Not one flask ger-
minated; at the end of two months they were still barren. But 
although these flasks had not acquired the power to germinate, they 

accl,m'ed the property of enabling freshly introduced germs to 
™mve a boiling heat, for when the flasks were unplugged and 
infected Wlth ordinary air or water and then replugged and boiled 
j luuuifces> t h e i r contents in every instance germinated in a few 
days. 

1 Phil. Trans. 1874. 
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I can quite confirm Dr. Roberts's statements, for I have 
used bis method of boiling these fluids separately as an easy 
mode of obtaining any required degree of alkalinity, and I have 
never got any results which in the least support the view that 
the addition of liquor potassae to any sterilised infusion will 
make organisms develop in that fluid. 

I have already mentioned Mr. Lister's method of procedure 
in preserving fluids. I have mentioned how successful this 

was, and how all the difficulties as to tall and 
small flasks, &c., were overcome simply by 
purifying the walls and the air in the 
flasks ; by taking care, in the introduction 
of the impure fluids, to avoid contact with 
the neck and tvalls of the flask so purified 
(above the level of the liquid); and by 
avoiding spurting or frothing during the 
heating of the fluid. By Mr. Lister's method 
all sorts of fluids may be preserved and 
transferred from one vessel to another, with-
out the development of any organism, with 
the same certainty as without the occurrence 
of any fermentative change (see Chapter I.) 

FIG. 06.—DR. RO- / . , 8 v 1 { 
BERTS'S EXPERI- -Mr. lusters met nod has removed a great 
MENT WITH AL- s o u r e e of error in all these experiments, and 
KALINE FLUIDS. . ;1 . ' 

I am confident that if his instructions be 
strictly followed out, the instances of difficulty in purifying 
fluids will become fewer and fewer. During four years more 
or less constant work at such experiments, I have only once 
met with an instance of difficulty in purifying fluids. This case 
will be alluded to presently. 

The experiments of Dr. Roberts and of Prof. Tyndall1 as to 
the absence of fermentative changes in preserved fluids show 
also the absence of organisms under the circumstances re-
ferred to. For their experiments were made with a view to the 
determination of the question of spontaneous generation. And 
in my own experience, in order to test various materials, as 

1 For later experiments than those quoted at p. 24, et seq., see Tyndall s 
paper in the Philosophical Transactions, vol. 107, 1877, where some difficulties 
which he experienced are explained. 

to whether they contained organisms or not, I have prepared 
many hundred flasks of cucumber and turnip infusion, and 
also many of milk, meat, &<$., without in any instance obtain-
ing the slightest evidence in favour of abiogenesis. (The case 
in which I found difficulty in preserving milk has been 
already mentioned, and will be alluded to presently.) The 
rapid souring of milk during a thunderstorm is looked on as 
a change due to electricity. Accompanying this rapid souring 
there is a rapid increase of bacteria. I have kept flasks of pure 
milk for a year, through several violent thunderstorms, without 
any change taking place in it, and without the appearance of 
any organisms ; and at the end of the year the milk was quite 
fluid and of normal character, though in a few days after the 
flasks were opened (they were covered with cotton wool caps) 
it had coagulated, become putrid, and contained numerous 
bacteria. 

o 



CHAPTER X. 

SPONTANEOUS GENERATION (concluded). 

Facts with regard to unboiled fluids and tissues : Mr. Lister's facts with re-
gard to milk : my own experiments with animal tissues. Present state of 
the question—Dr. P-astian's latest standpoint: Liebig's doctrine. Can or-
ganic molecules derived otherwise than from pre-existing bacteria give rise 
to bacteria? Firstly, there is nothing unreasonable in looking on these 
particles as bacteria or their germs: seeds carried by air: excessive 
minuteness of the germs of bacteria: Mr. Lister's experience with micrococci. 
Secondly, there is no direct evidence that organic molecules not derived 
from bacteria can give rise to bacteria: facts with regard to unboiled Mis 
and tissues—conclusions from these facts: Paul Bert's experiments: 
Cazeneuve and Livon : Pasteur: Dr. Bastian. Thirdly, there is no evi-
dence that active organic molecules (chemical ferments, Sec.) can resist 
heat more than living things can : effects of heat on ptyalin, pepsin, 
See.: my own case of difficulty in sterilising milk: Wyman's fact as 
to an alga living at 208° F. 

WITH the great mass of evidence existing against the doctrine 
of spontaneous generation, I should have no hesitation in casting 
it aside. But much stronger evidence remains to be alluded to; 
viz., the behaviour of unboiled fluids and tissues when preserved 
with certain precautions. 

I have already referred to these experiments in a former 
part of this work, and I may now state that where I have said 
that fermentation was absent, I might equally well have said 
that organisms were absent. I have mentioned that blood, 
milk, and urine could be preserved, unboiled and unacted on 
by chemical reagents, for an indefinite period, without under-
going fermentation, and, I may now add,- without the develop-
ment of organisms. 

Of these I may revert for one moment to Mr. Listers 
experiments with milk. Mr. Lister, in his attempts to obtain 
pure unboiled milk, found that in none of his flasks did he 
obtain lactic fermentation, but that in all but two (out oi 

some 50 or 60 flasks) organisms of some form or other occurred, 
these organisms being in many flasks of totally distinct kinds' 

Now these results prove a great deal against the view of spon-
taneous generation. Two flasks had no organisms at all, there-
fore milk does not spontaneously generate organisms, does 
not naturally contain them, has no inherent tendency to 
undergo fermentation. Then milk which has never been in 
the dairy does not undergo lactic fermentation ; hence the cause 
of this fermentation is something coming from the dairy not 
some form of organic molecule present in the milk. Then not 
only the fact that in two flasks no organisms developed but 
also the great variety which appeared in the different flasks 
prove that they could not have developed cle novo For if 
we have twelve flasks under the same shade, each containing-
the same specimen of milk taken at the same time, under the 
same conditions, any change occurring in one, due to something 
inherent m milk, or due to some physical force or combination 
of physical forces acting on it, would have occurred equally 
m all. But when we see one specimen remaining without 
organisms, another having a pigment micrococcus, another 
havjiig bacteria, another fungi, and so on, we must conclude 
that the appearance of these forms cannot be due to anything 
inherent m this milk, but that it is due to something which 
has entered the milk from without. g 

Mr u : 2 7 r i m T - ° n M i l k ' r e f e r r e d t 0 before, bear out Mr Listei s statements m every particular, and bring additional 
evidence, m that they show that a much larger pfopoi^on 
flasks may be preserved if attempts be made to render the 
arocles m the air or at least on the udder of the cow and he 

^a:^r l k m a i d ' i n e r t b 'the - °f » 
alrea°dvereTe f f ^ - ™ne have been 
head of fe + r ^ ^ * f u r t W d i s c ^ e d under the 
^ t d ^ n W h 6 n t h e J W i D b e found to furnish 
generation! ^ t h e ^ of spontaneous 

the « Z ^ Z t 0 b l ° 0 d - l m ' n e ' 1 a l S° m - t i o n e d 
and g r a p e JU1Ce ^ V a n d®r Broeck, Pasteur, &c 

on vegetable tissues by Roberts, and I then passed ^ to 
o 2 



my own experiments on animal tissues. I described the 
method I had employed, how the tissues were introduced into 
and preserved in flasks containing cucumber fluid, and how 
they remained u n c h a n g e d , and, I may now add, without any 
development of organisms. That no organisms developed I 
further ascertained by testing the beakers. By transferring by 
means of a pure syringe, a drop of their contents m o a flask 
containing pure cucumber or meat infusion, I found that no 
organisms developed in the latter, proving that none were 
present in the former. That organisms would have been 
found by this method, if they had been present m the fluid is 
shown by the fact that, if bacteria were injected mto he 
animal immediately before death, they were found m the 
beakers and in the flasks. I have also stained the granular 
matter present in these beakers with methyl violet, according 
to Koch's method, and have failed to find any organisms (see 
Plate V. fig. 34). 

From all these facts it may therefore be regarded as certain 
that organisms do not originate spontaneously, m the sense 
formerly held, under any circumstances, but that they appear 
in animal or vegetable fluids and tissues as the result ot the 
entrance of solid particles into these after their exit from the 
living organism. That the question has narrowed itseli to 
this, that it is now no longer a question of spontaneous ongm 
of organisms in fluids which have been severely boiled, but that 
it is a question as to whether some of the particles which get 
into fluids and which resist heat may not be organic molecule* 
not necessarily derived from pre-existing bacteria or whethe 
they are bacteria or their germs, is evident from what has gon 
before, and at last Dr. Bastian has formulated similar ^ 
in his paper in the 'Nineteenth Century'for February 18'«-
UG SilV̂  * • f 

' The modern opponents and supporters of the doctrine o 
spontaneous generation have always been p r i n c i p a l l y concerne 
with two sets of problems, (1) As to the nature of the matem 
in the air, the access of which is so apt to induce fanned** 
in suitable fluids; (2) As to whether s o m e degree o f j ^ 
below 212° F. can be proved to be always sufficient to ues 

the life of different kinds of living matter in the moist state 
but especially that of bacteria and fungus germs. 

'In regard to the first set of problems it has'been generally 
agreed for some time that the air contains some germs of livina 
organisms, but that what proportion these bear to the much 
more bulky, and probably more numerous, organic particles and 
fragments resulting from the breaking up of previous living 
matter of various kinds, is uncertain. It has also been gener-
ally admitted that any living organisms or germs which chanced 
to fall from the air into suitable fluids would initiate fermenta-
tion or putrefaction therein. The question really requiring to 
be solved has always been (though it has not been uniformly 
recognised) whether mere organic debris from the air, either in 
the form of particles or of larger fragments, could or could not 
also brmg about such changes in suitable fluids.' 

This view corresponds very closely with the position which 
biebig was ultimately driven to take up on the subject of fer-
mentation and Dr. Bastian says: ' I t is Liebig's doctrine which 
legitimately suggests the doubt above mentioned in regard to 
the possible potencies of atmospheric particles other than actual 
germs . If l t has been shown that the appearance and 
increase of the lowest living particles are always a correlative of 
-hese processes (fermentation and putrefaction), Liebig's view 
d it be true at all, must be true for the whole of the processes ' 
which are essentially included under the term fermentation.' 

riellfj n u t h f L i e b i g ' S t h 6 0 r y a n d M i a n ' s recent 
. stand or fa together, and that the facts against one tell 

equaUy against the other. Just now I shall only deal with 
^st aus views, but their intimate relation with Liebig's theory 
must be borne m mind, so that the full significance of the facts 
t t r i i ^ ^ ^ ^ ^ i n L e i r tarings also on 

in t h e ' n f ^ ? ! a t e r 0 n Sa}'S : ' 1 ™ further than to say that 
Z l Z T t T ° f ^ e V i d 6 n C e b 6 a r i n S u P o n the subject I 
S and 7 P ?eSIS ° f S P ° n t a n e 0 U S § e n e r ation as the most 
r i n t k l C ° " S 1 w interpretation of the facts which are at 

tMs s u b T / ' , 1JTSt t h e r e f ° r e C O n s i d e r ^ a t the evidence 
S U b j 6 c t 1S>and whether there are any grounds for accept-

1 The italics are miue. 
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ing the theory that the organic molecules which give rise to 
bacteria originate from matter other than pre-existing bacteria, 
rather than the view that they are directly derived from pre-
existing bacteria, in other words, that these particles are 
nothing more or less than bacteria or their germs. 

I. Firstly, there is nothing unreasonable in looking on 
these particles as bacteria or their spores ; indeed, Dr. Bastian 
admits that some of them are derived from bacteria. But if 
some, why not all ? Because some resist heat more than others ? 
We shall return to this presently. 

We know that the seeds of plants are often wafted by tlie 
air, and this is more likely to be the case the lighter the seed, 
and therefore it is generally admitted that the seeds of fungi, 
large or small, are carried by the air. Indeed, both Pouchet 
and Pasteur found and recognised the spores of fungi in air 
dust.1 

Further, bacteria propagate by fission in fluids, that is to 
s£ty, one bacterium develops from another. This process lias 
been often observed. Then, again, some forms of bacteria have 
been found to produce spores, notably forms of bacilli. Thus 
the spores of Bacillus anthracis have been fully described by 
Koch, and still more recently the occurrence of small sporules 
of excessive minuteness has been described by Ewart.2 Ewart 
has also asserted that other forms of bacteria, especially of 
Spirillum, produce spores in like manner. If then in fluids 
bacteria always grow from bacteria, if some bacteria like fungi 
produce spores, why refuse to believe that the par t i c l es in the air 
which give rise to bacteria are these organisms themselves or 
their spores, just as the particles which produce the larger fungi 
have been shown to be their spores ? The excessive minute-
ness of the bacillus spores renders them difficult of discernment 
in fluids under the microscope. When dried and shrunk we 

1 In December 1880, having collected a quantity of laboratory dust by 
aspiration of the air through gun cotton for several weeks, I dissolved _ e 
gun cotton in ether and alcohol, and collected the dust on a glass slide: ttu= 
dust was stained with methyl violet according to Koch's method (see Chapter 
XII . ) , and a drawing of it is given in Fig. 35, Plate V. It will be seen tta 
one or two bodies are present which are indistinguishable from bacteria an 
micrococci, and these bodies have been stained by the methyl violet. 

2 See Proceedings of the Royal Society, 1878. 
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should expect them to be hardly visible ; and if the spores of 
such large organisms as Bacillus anthracis are hardly visible, 
how much less likely are we to find the spores of organisms which 
themselves can be seen only with difficulty ? It seems to me 
that it would be a very extraordinary thing if in the case of 
these minute organisms alone, the particles which gave rise 
to them were not derived from pre-existing forms. 

But when we find that under certain circumstances the 
same form of organism originates from these particles, as we 
should expect were the latter spores, the case is made still 
stronger. This latter fact will be more evident when we come 
to consider the relations of these bodies to fermentations, but 
I shall here mention one experience related by Mr. Lister.1 In 
some experiments on the growth of a fungus in urine, a form of 
micrococcus, which he terms Granuligera, constantly appeared in 
the urine. He found that these were really organisms, from 
an opportunity which he had of watching their growth. He 
then says:—'About this time, my study suffered from an epi-
demic of Granuligera. I could not now perform the same 
experiments with the same success as in the first instance : any 
that I tried was sure to be followed by the development of this 
pervading organism. I eluded it, however, by continuing the 
investigation in a room at the top of the house, which had been 
for a considerable time unoccupied. Here the results of the 
experiments corresponded with those originally obtained in the 
study.' In this experiment there cannot be the slightest doubt 
that the particles which gained access to the cultivating fluids 
were these micrococci or their spores, if they have any. It could 
hardly have been some form of organic molecule not derived from 
these organisms which always gave rise to exactly the same forms. 

Such are some of the facts which show that it is not un-
reasonable to look on these particles as bacteria or their germs; 
and Dr. Bastian, as I have already said, admits that some of the 
particles are derived from pre-existing bacteria. 

II. Secondly, not only is it not unreasonable to regard these 
particles as bacteria or their germs, but there is no direct evi-
dence whatever that organic molecules not derived from bacteria 
can give rise to bacteria. 
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Look at all the facts I have brought forward as to unboiled 
fluids and tissues. I have shown that the most diverse organic 
fluids and tissues may be preserved for an indefinite period, 
without the development of organisms so long as the particles in 
the air and on surrounding objects are excluded. And yet 
these substances are full of organic molecules derived from 
previously living structures. 

Cut a piece of liver, kidney, muscle, or other tissue from a 
healthy animal not yet dead, and place it, with precautions to 
exclude atmospheric dust, in a flask containing cucumber solu-
tion. Here you have at first in the fluid and in the tissue living 
cells and living organic molecules—and we know, as in the case 
of muscles, that life may be retained for some time—and yet no 
organisms appear. These living organic molecules of all kinds do 
not give rise to bacteria or any other form of life—they die. 

Again, when the same specimen has stood for some time, 
we have a highly putrescible and fermentescible material con-
taining dead organic molecules of all kinds ; and yet no life 
appears, and such flasks may be kept for an indefinite time 
without the development in them of life. 

But again, these organic molecules are not only dead, but 
decaying. They undergo slow oxidation—what Liebig has 
termed eremacausis. And yet they do not develop into or 
induce the appearance of living forms. 

Organisms only develop in these fluids and tissues when 
bacteria or their germs or when atmospheric dust is introduced. 
Whence, then, are the hypothetical organic molecules derived? 
If they do not develop life in such fluids as cucumber or meat 
infusion, or in meat itself, under the conditions described, how 
is it that they come to do so after having floated through the air ? 
Is it that they have acquired new properties in the air, or is it 
that the organic molecules (not derived from pre-existing bac-
teria) which, falling from the air into the fluids or on the tissues, 
give rise to living forms, are specially manufactured in the air ? 
One or other of these conclusions must be accepted, and I say 
they are both equally untenable. 

And when I come to speak of the relations of organisms to 
fermentations, more especially to fermentations occurring in 
wounds, I shall bring forward evidence of a similar character. 

EVIDENCE FROM UNBOILED TISSUES. 

Thus I take flasks containing pure, highly putrescible fluids, 
such as meat or cucumber infusion, or milk, and I introduce 
into them pus, blood, or serum from wounds, and place them 
under the most favourable circumstances for the development 
of organisms, and yet no organisms develop. The same 
reasoning applies here as in the case where larger living masses, 
as liver, have been introduced into similar infusions. On the 
other hand, if bacteria or micrococci are present in the dis-
charge (and I confirm this by microscopical observation), organ-
isms develop in these flasks, and organisms of precisely the 
same morphological characters as were present in the original 
discharge. 

But let us glance for one moment at Paul Bert's work. 
He subjects such substances as saliva, pepsine, inyrosin, 

emulsin, &c., to high pressures, say twenty atmospheres, and 
he finds that when the normal pressure is restored, these 
substances have not in any way suffered, as regards their ferment-
ing power. 

On the other hand, he places putrefying or fresh meat under a 
similar pressure, and after restoring the normal pressure, he finds 
that if he excludes fresh atmospheric particles, putrefaction is 
in the first case arrested, and in the second, never takes place. 
Organisms never again develop unless fresh dust is admitted. 

From the first set of experiments we see that organic mole-
cules when they have any power of acting are not deprived of 
it by high pressure, while from the second we learn that under 
similar circumstances life is destroyed, and no new life appears. 
And yet this cannot be because the power of generating organ-
isms, which organic molecules are supposed by Dr. Bastian to 
possess, has been destroyed by the high pressure; for, a.s we 
see in the first experiment, dead organic molecules, as distin-
guished from living ones, retain their powers even under this 
pressure. The organic molecules, then,, which originated the 
bacteria were living molecules, but not merely any living 
molecules, as is evident from the liver experiments, but living 
'molecules derived from •pre-existing bacteria. 

Then, again, Cazeneuve and Livon's experiments, which will 
be detailed presently, prove exactly the same points. They 
show that it is not. organic molecules in urine or in the wall of 
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the urinary bladder which originate bacteria, but that it is 
organic molecules derived from the dust of the air; in other words, 
derived from pre-existing bacteria.1 

All the proof which Dr. Bastian attempts to adduce 011 this 
point is to bring forward the opinions of several eminent meta-
physicians as to the first origin of life on this globe. But with all 
respect for these great minds, I do not see one particle of proof, 
but merely metaphysical speculation, in the extracts quoted. 
Dr. Bastian removes the question to the first origin of life, and 
at once throws aside the creation view as untenable. I do not 
intend here to enter on this question, but I for one am not 
prepared to go so far. 

III. Thirdly and lastly, we have no evidence that active 
organic molecules can resist heat more than living things can. 

Let us take the so-called ' unformed' ferments, which consist 
of active organic molecules. The action of saliva on starch is 
favoured by a temperature of from 35° to 40° C., but its anx-
iolytic activity is permanently destroyed by heat, even below 
the boiling point, applied for a few minutes. 

The same is true of gastric juice; 'at temperatures much 
above 40° or 50° C. the action of the juice is impaired. By 
boiling for a few minutes the activity of the most powerful 
juice is irrevocably destroyed.' (Foster.) And so with pan-
creatic j uice, &c.2 

I have previously discussed at length the errors in experi-
ment and observation which have led to the belief that or-
ganisms can develop in materials subjected to a moist heat for 
a sufficient length of time. And I have quoted Dr. Roberts's 
refutation of the experiments with alkaline fluids. 

I stated on page 193 that I had only met with one in-
stance, in an exceptionally long experience, of difficulty in 
sterilising an organic fluid. This fluid was milk got from a 
particular shop near the Strand. When I got fresh milk from 

1 Again, Pasteur by his experiments of opening vessels in different situations 
has distinctly shown that all particles of dust do not cause development of 
organisms ; for undoubtedly organic debris did get into all his flasks, especial!) 
those opened outside, and yet it was only when certain special particles 
entered that organisms developed. 

2 Compare also Bastian's views on the Disruptive Agency of Heat, referred 
to at page 100. 

a dairy in Albany Street, I had no difficulty in rendering it 
barren by immersion in boiling water for a few minutes. 
But the milk from the shop near the Strand has been immersed 
in boiling water even for three hours, and yet organisms deve-
loped in it. It is to be noted that in all cases the bacteria were 
identical in form and in the effect which they produced on the 
milk : they were a form of long bacillus. Now here we had 
some particle which got into the milk and caused a special 
change in it, and a constant development of a particular and 
easily recognisable form of organism—an organism which, more-
over, has been found by other observers to resist heat, and 
especially dry heat, in an extraordinary manner. Is it reason-
able to suppose that the particles which gave rise to these 
organisms were organic molecules derived, goodness knows from 
what, or specially manufactured in the air of this shop ? Or is 
it not more reasonable to suppose that the air was infected 
with some form of bacterium or its spores, just as in Mr. 
Lister's case with Granuligera, and that this special form or 
its spores possessed the same resisting powers which it has 
been found to have in other parts of the world. For I may add 
that the spores of bacilli are stated by all who have investigated 
the subject to be possessed of extraordinary resisting power. 

After all it is not a matter of great surprise that an 
organism should resist a heat of 210° F. (that has been ascer-
tained by Mr. Lister to be the temperature of milk immersed 
in this way), for Prof. Jeffries Wyman tells us of a form of alga 
which lives normally in water the temperature of which is 
208° F.1 

With this great mass of evidence, and I could have multi-
plied it manifold, I do not see that there can be grounds for 

1 Doyères found that dried Tardigrades were not destroyed till the tem-
perature reached 140°. 

Pa ven showed that the spores of oïdium aurantiacum did not lose their ger-
minating power till the temperature reached 140° C. 

Milne-Edwards has found that dried organisms could resist a very high 
temperature. 

Instances of great resisting power of seeds to heat have been brought 
forward by Tyndall and others. Mr. James Sanderson, of Galashiels, tells me 
that in some specimens of wool obtained from South America, seeds of 
medicago are present, which develop even after the wool containing them has 
°en dyed—i.e. after they have been subjected to prolonged boiling and to the 

action of various chemical substances. 



any longer retaining the view of spontaneous generation. It. 
would just be as sensible to suppose that in the impregnation 
of the ovum of higher animals it is not the spermatozoa, but 
some organic molecule accidentally introduced at the same 
time which causes the development of the ovum, as to suppose 
that it is not bacteria or their spores but some organic molecule 
manufactured in or specially altered by passing through the air 
which produces bacteria in organic fluids and tissues. 

CHAPTER XI. 

RELATION OP MICRO-ORGANISMS TO FERMENTATION. 

Summary of what has preceded with reference to fermentation. Relation be-
tween 'v i tal ' and ' chemical ' fermentations: theories of fermentation. 
Liebig's views. Alcoholic fermentation : Pasteur's experiments and conclu-
sions. Resume. Butyric fermentation. Formation of pigment by bacteria 
Sehroeter: Colin. Viscous fermentation. Lactic fermentation : Pasteur : 
Lister. Other fermentations, especially the putrefactive: Lemaire; Caae-
neuve and Mr,on: Paul Bert. Conclusions. 

WE must now pass on to the relation of these bodies to fermen-
tations, and I will here merely indicate the chief points without 
entering into a discussion on the subject And first, I may say 
that it is now admitted by Dr. Bastian, s well as by other 
observers, that organisms are present in all fermenting fluids. 
This statement was formerly denied, on account of the imperfec-
tion of the methods of examination. 

We have already seen in the first part of this work that the 
cause of fermentation in organic substances was the entrance 
into them of solid particles held in suspension in air. We have 
also seen that the cause of the development of organisms in 
fluids and tissues was the entrance into them of particles sus-
pended in the air. We also know that in all fermentations 
organisms are present, and that in the absence of organisms no 
fermentation occurs. What more likely, then, than that the 
particles which cause fermentation, and the particles which 
originate organisms, are one and the same ? that in fact the 
fermentation of a fluid is the result of the growth of organisms 
in it? 

The process in these ' vital' fermentations may be brought 
mto the same category as that in fermentation by the ' un-
formed ' ferments, if we suppose that the immediate cause of 
the chemical change in the former instance is some chemical 
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substance resembling ptyalin, pepsin, &c. No doubt there is 
this difference between ordinary fermentations and those due 
to a chemical substance, that in the former case the ferment 
itself increases in quantity. This difference would, however, be 
easily reconciled if we were to suppose that each organism was a 
former of the ferment, even though to an extremely limited 
degree. The process in these' vital' fermentations, of which we 
may take the alcoholic as an example, would then be the same as 
in the so-called chemical fermentations. Thus, to speak of the 
case of the saliva, ptyalin is not a chemical compound formed 
spontaneously, nor is it the result of any sort of double decom-
position ; it is a substance formed as the result of the vital 
action of certain living cells. According to the view under 
consideration, the alcoholic ferment would be likewise the pro-
duct of the vital action of certain cells, the yeast cells. The 
ptyalin itself has not the power of self-multiplication, but the 
cells which form it produce it continuously; the ferment of 
alcohol would not have the power of self-multiplication, but the 
cells which form it produce it continuously. This explanation 
agrees completely with the contrast between the effects of 
ptyalin on starch, and those of yeast on sugar. The ptyalin is 
more or less immediate in its effect. It is a very active formed 
ferment. The yeast acts slowly because the ferment is. only 
produced as the plant grows. Hence the explanation of the 
rapid action of the one and of the progressive action of the other. 
The apparent self-multiplication of the ferment in the alcoholic 
case would be due to the fact that the producers of it are free-
float freely in the fluid - and hence ultimately no drop of it can 
be taken which will contain sufficient ferment to act without 
the ferment-producers being also present. In the ease of the 
saliva, the ferment-producer is fixed, and the ferment is obtained 
alone and apart from its originator, hence it does not multiply. 
The same causes which arrest the production of ptyalin arrest 
also the alcoholic fermentation, for they destroy the living 
cells which form the ferment. 

The case of ernulsin would be exactly the same as that oí 
yeast, The emulsiñ itself does not multiply, but the seed, the 
producer of it, does. Sow a seed of the bitter almond, and there 
springs up a plant bearing numerous seeds, nuriierous producers 

of emulsin. Sow a yeast cell, and there follows the growth of 
numerous yeast cells, each producing a quantity of the ferment. 

Considerable support is given to this view by the experi-
ments of Musculus, on the mechanism of the ammoniacal 
fermentation of urine. This has been shown to be due to the 
growth of an organism in the urine (Micrococcus urea?, Cohn). 
Musculus1 demonstrated that, by adding absolute alcohol to am-
moniacal urine, a precipitate was obtained which could be filtered 
and dried. This precipitate transformed urea into carbonate 
of ammonia. Its power was destroyed by exposure to a tem-
perature of 80° C. This soluble ferment is a secretion of the 
micrococcus urea?. 

According to another view it may be that the organisms, 
while living in various substances, feed on them, and the pro-
ducts of the fermentation may be either the portion of the food 
which has been rejected by them, or products formed in and 
excreted by the organism. 

Or it may be that, as Pasteur holds, the cause of the fer-
mentation is not the production of a ferment but the breaking 
up of the chemical compounds by the growing plants in the 
search for nutriment, more especially for oxygen. It is quite 
clear that there must be such a breaking up. Or, again, it may 
be that m this breaking up of the organic compounds some of 
the molecules may rearrange themselves and form a ferment 
and the presence of a ferment of this kind I consider the best 
explanation of some of the special fermentations, thouo-h I 
incline to hold that the ferment is excreted by the cell itself. 

It is, however, probable that in different fermentations the 
process occurs in different ways. Thus in the pigment fermen-
tations, as will be seen, the second is probably the correct 
explanation The point of importance is that in any case 
mere is nothing unreasonable in associating these changes 
with the growth of living cells; in fact all analogy points to 
such a relation. S J 1 

The only other theory which is tenable in the presence of 
the raets stated, would be that the particles which cause fermen-
tations are not the same as those which give rise to the growth 
ot organisms, but that they are bodies which have only the 

1 Magnin, Bacteria 



power of causing fermentation, and are possibly either sub-
stances in a state of decomposition or special ferments. But 
then it is inconceivable that fermentation and the development 
of organisms should always be associated, or that organisms of 
the same form, e.g. the yeast cell, should always be present 
in the same fermentation. Supposing this view possible, we 
must assume that there is a special organic molecule for each 
fermentation, for otherwise we could not explain the occurrence 
of lactic fermentation in one flask, putrid fermentation in 
another, pigment fermentation in another, &c., all the flasks 
containing the same specimen of milk having been filled at 
the same time and kept under the same conditions. 

Liebig originally propounded the view that fermentation 
was a change in organic fluids and tissues, set in motion by the 
access of oxygen or of bodies in a state of decomposition. He 
at that time regarded organisms as quite accidental. He sup-
posed that when organic matter was exposed to the air, it 
underwent a slow process of oxidation which he termed eremi-
causis ; and that this change, communicating itself to other 
molecules, caused them to break up or putrefy. In the presence 
of the facts stated as to the relation of dust to the fermentation 
of boiled and unboiled fluids, Liebig modified his views, and 
in his last publication he admitted that the yeast plant was 
in some way or other connected with the alcoholic fermentation, 
but he thought that the relation between them m o s t frequently 
consisted in this :—that when the yeast cells died, they decom-
posed, and that the chemical change thus set agoing was propa-
gated to the sugar, and caused it to break up into alcohol and 
carbonic acid. 

That Liebig's theory of decaying matter is incorrect will be 
seen by a consideration of the facts mentioned on pages 200 and 
210. Liebig was not latterly, however, absolutely opposed to the 
acceptance of the doctrine that living organisms are initiators 
of fermentative changes. On the contrary, to quote from Bastian, 
' he slightly widened his views after the correlation of organisms 
with fermentations had become established, and endeavoured to 
show that the admitted actions of living units in initiating fer-
mentations were but other exemplifications of his genera 
doctrine, that fermentations are induced by certain communi-

cated molecular movements, sometimes emanating from organic 
matter in a state of decay, and sometimes resulting from the 
vital processes of living units.' 

Had Liebig left out the part of the view which holds that 
fermentations may be caused by movements, ' sometimes 
emanating from organic matter in a state of decay,' there would 
not have been much to find fault with. His theory would then 
have been merely another way of viewing the mode of action of 
these living bodies. 

Certain definite facts are known which show that organisms 
do take part in certain fermentations, while I have already 
disproved Liebig's view that decaying matter has any power 
of causing these changes. .The facts to which I am about 
to allude, when taken together with the constant presence of 
organisms in other fermentations of the same class not yet in-
vestigated, render it, to my mind, certain that living organisms 
are, probably in one or other of the ways indicated, the causes 
of these chemical changes. 

A Icoholic Fermentation. 
The first case of fermentation which was studied, and about 

which most is known, is the alcoholic fermentation. The facts 
and experiments on this subject are now so universally known 
that it would be superfluous for me to do more than summarise 
them here. 

The yeast plant (Torula cerevisice) is always present in a 
state of vitality during the alcoholic fermentation of sugar. 

If yeast be raised to the temperature of 60° C., at which 
temperature the cells die, the fermentation of sugar no longer 
occurs. Here the cells are dead, and if Liebig's view be 
correct, that dead cells, not living ones, are the cause of the 
fermentation, the process ought still to go on. 

The juice of the grape lias no spontaneous tendency to 
undergo fermentation, as shown by the experiments of Van der 

e c k ' &c-> formerly mentioned, and by the following experi-
ment narrated by Pasteur. In a flask of the form shown in Fig. 
p ' A ) t h e n e c k O ) of which was drawn out to a fine point, 
Eastern- boiled water which had been used to wash the outside 



F I G . 6 8 . — P A S T E U R ' S EXPERIMENT ON UNBOILED GRAPE JUICE. 

A , the flask employed. «, The neck which is represented in B as plunged into the grape. fcTte 
orifice of the bent neck at first sealed till the grape juice has been introduced and then openea 
and left open. (From Pasteur.) 

cules, and yet no alcoholic fermentation occurred. This and 
other experiments' led Pasteur to the following conclusions :— 

1 See Etudes sur la Biere. 

of a grape, and which therefore, according to other experiments, 
contained abundant causes of the alcoholic fermentation. This 
point (ft), which had been sealed, was heated, and plunged 
through the heated skin of a grape (Fig. 68, B). It was then 

broken in the interior of the 
grape, and, by causing a diminu-

/ " ^ j © jp \ tion of pressure inside of the 
/ * ^ % \ flask, a drop or two of the juice 

ft, @ <g \ was sucked into the boiled water. 
I $ & (The diminution in pressure was 
i §> Z s ^ # 0 thus obtained. After heating the 
\ .- • walls of the flask with the haad or 
\ S _ ®J|f J a lamp, the orifice of the bent 

&% / n e ck (Fig. 68, A, b) was sealed. 
c % ° When the point of a was broken 

off in the interior of the grape a 
F I G . 6 7 . — T O R U L A CEREVISI.E. . . . , . . . 

( A F T E R P À S T E U R . ) little juice passed into the flask.) 
The orifice a was then sealed; 

and the orifice b opened. Here, then, he had in the flask unboiled 
grape juice, oxygen, water, dead organisms, and organic mole-
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' The boiled juice of the grape never ferments when kept in 
contact with air which has been deprived of the germs suspended 
in it. 

< Boiled grape juice ferments when a very small quantity of 
water is introduced, in which the surface of the grapes and of 
the branches of the vine have been washed. 

' Grape juice does not ferment after the introduction of this 
water if the latter has been previously boiled and cooled. 

'Grape juice does not ferment when a small quantity of the 
juice taken from the interior of a grape is introduced.' 

Pasteur further shows that the apparently spontaneous com-
mencement of fermentation in these fluids is due to the 
existence of spores of the torulse in the air, though they are 
not, as a rule, present in great abundance. He also brings 
forward experiments to show how other fungi, such as Myco-
derma aceti, can, when there is too little oxygen present, cause 
the splitting up of sugar into alcohol. 

Seeing, then, that boiled and unboiled grape juice may be 
preserved unaltered in presence of air which has been heated, 
or in some way or other deprived of its dust, it is quite evident 
that alcoholic fermentation is not a spontaneous decomposition 
nor one which can be brought about by the action of the gases 
of the air alone. Seeing, also, that the yeast plant is always 
present when fermentation is going on, that anything which 
destroys the vitality or interferes with the growth of that plant 
arrests or interferes with the alcoholic fermentation, and that 
the introduction of dust which does not contain the torula 
cells is not accompanied by the alcoholic fermentation but by 
some other change, we must conclude that the particles which 
fall into fluids and give rise to alcoholic fermentations are in-
timately associated with the particles which give rise to yeast 
cells and further that they are living particles subject to the 
same laws as the yeast cell itself. And seeing, further, that other 
plants when living under certain conditions are also capable of 
giymg rise to the alcoholic fermentation, we must conclude that 
this change is a process due to changes in living tissues, that 
m act, the fermentation is the result of the life of these cells 
and plants, and that, therefore, the particles which, falling into 

' g^e rise to the Torula cerevisiee, and those which give 



rise to alcoholic fermentations, are one and the same ; in fact that 
the growth of the yeast cell is in some way or other the cause 
of the alcoholic fermentation. 

Butyric Fermentation. 

Pasteur has also brought forward evidence of a similar 
nature as to the butyric fermentation. The organisms which 
produce butyric fermentation are bacilli (Bacillus subtilis, Colin), 

which apparently live without 
free oxygen, and indeed are 
killed by it, and which when 
cultivated in various fluids, 
even in Pasteur's solution, 
cause butyric fermentation in 
all (see Fig. 69 and also Fig. 
64). 

Formation of Figment by 
Bacteria. 

Striking facts as to the 
F I G . 6 9 . — B A C I L L U S SUBTILIS, X 6 5 0 . ass0ciation of A definite chemi-
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of organisms of a definite form were brought forward by Colin 
and Schroeter with regard to ' pigment bacteria.'1 

They showed that while many forms of organisms could 
grow on such soil as boiled potatoes, yet a definite pigment 
was produced only when one particular form was present. 
These organisms generally belonged to the group of ' micro-
cocci,' though sometimes pigmentation was caused by bacteria, 
as in blue pus (see Fig. 70). 

These pigments were sometimes scarlet, sometimes blue, 
sometimes soluble, sometimes insoluble; and when a variety 
of soils were inoculated from an individual specimen, the same 
colour, with the same chemical and other characteristics and 
the same organism, always resulted. Not only might these 
pigment bacteria grow on boiled potatoes, they could flouns 

Beitrage s » ' Biologie cler Pfansen. 

on cheese, meat, white of egg, bread, starch, &c., the same 
pigment being invariably produced. 

The conditions under which this pigment appeared were 
exactly those which were most favourable to the life of the 

while those m 

F I G . 7 0 . — P I G M E N T PRODUCING 
ORGANISMS. 

A, Micrococcus prodigiosus. B, Micrococcus 
fulvis. C, Bacillus ruber. 

organisms 
which it was absent were those 
in which the organisms could 
not develop. 

Schroeter concludes from his 
investigations that these ex-
amples show what a manifold 
series of pigments may be 
produced ' by bacteria and bac-
teridia.' He adds that the or-
ganisms which form them can 
often be recognised as distinct 
owing to the difference in the 
pigment produced ; the organ-
isms which form the various 
pigments being often also dis-
tinctly separable by different morphological characters, and 
the different pigments behaving differently with reference to 
chemical reagents. He considers that it is not unjustifiable to 
hold that each separate pigment is formed by a distinct specific 
organism. 

Schroeter points out that the pigments are definite chemical 
substances formed by the bacteria from organic, albuminous 
materials, and that the process is therefore quite analogous to 
the formation of alcohol by the yeast plant or of lactic acid by 
other bacteria. 

Cohn further found that these same organisms developed 
readily and produced the same pigment in artificial cultivating 
fluids containing amm,onia and a carbonate, but no trace of 
albumen. Once obtained in this fluid they could be propagated 
indefinitely, the same pigment being constantly produced. 
In this instance we have an example of a definite change 
brought about by the growth of a definite form of organism. 
No spontaneous change ever occurs in Cohn's artificial fluids 
resulting in the formation of these pigments, and yet as soon 



as these organisms, which are associated with definite pigments 
when growing on albuminous soil, are introduced into these 
mineral solutions, the same pigments appear. That in the latter 
case the pigment is formed by the bacteria is evident, for it is a 
complex organic substance, closely related to the aniline colours, 
and yet in this instance it is derived from a few inorganic salts. 
It is therefore a substance formed by the living plants, and, as 
before remarked, there is nothing remarkable in this production 
of pigment by living cells. It is only what is constantly occur-
ring in many animal and vegetable cells, and in the latter it is 
formed from inorganic compounds. Indeed, it would be against 
all chemical experience that by any purely chemical process a 
complex organic compound would be so readily built up from a 
few inorganic compounds of a very simple kind. 

These facts absolutely prove that the pigment fermentation 
was the result of the life of the organism, for the pigment 
must have been built up by it and could not have originated 
from chemical chang es propagated to the fluid. If then Dr. 
Bastian is correct in his opinion that ' Liebig's view, if it be 
true at all, must be true for the whole of the processes which 
are essentially included under the term fermentation,' these 
facts alone overturn Liebig's theories. 

Viscous Fermentation. 
Similar facts are known with regard to the viscous fermen-

tation of sugar. This is a transformation of sugar into gum 
mannite, and carbonic acid, and results in the formation of a 
viscid, ropy fluid. Pasteur found that organisms of a special form 
Avere present in such instances, and these organisms when sown 
in Pasteur's solution always caused this viscous fermentation. 
The kind of proof is exactly the same as in the other instances 
of fermentation, and need not be repeated here. 

Lactic Fermentation. 

An instance in which the causal relation of organisms to a 
fermentative process is absolutely demonstrated is the lactic 
fermentation of milk. 

This fermentation was investigated several years ago by 

Pasteur,1 who showed that it was exactly analogous to the alcoholic 
fermentation, and that it was caused by a special organism. On 
examining fluids which were undergoing lactic fermentation 
he observed that minute round or oval cells were constantly 
present. These organisms when transferred to fluids capable 
of nourishing them always produced lactic acid. To prove 
that these organisms were the cause, of the fermentation he 
made a decoction of yeast, to which he added sugar and chalk. 
"When they were sown in this fluid lactic fermentation oc-
curred, resulting in the formation of large quantities of calcium 
lactate. 

This fermentation has of late been more fully studied by 
Mr. Lister, and as his experiments bear on the whole subject of 
fermentation, I shall refer to them somewhat at length. 

As I have previously mentioned, Mr. Lister2 found that milk 
had no inherent tendency to undergo the lactic fermentation ; in 
fact, unless it was brought into, a dairy or into contact with 
dairy vessels or workers, all sorts of fermentations would occur 
rather than the lactic. On examining milk undergoing lactic 
fermentation he found that an organism of a definite and easily 
recognisable form was constantly present, while in milk which 
was not brought into the dairy, and which did not undergo 
lactic fermentation, this form of organism was absent. 

'This organism is a motionless bacterium occurring most 
commonly in pairs, but frequently in chains of 3,4, or more indi-
viduals, each segment being of somewhat rounded form, more 
or less oval, with the long diameter in the direction of the 
length of the chain, and often showing, on careful focussing, a 
line across their central part, indicating transverse segmenta-
tion. They vary in diameter. . . full-sized specimens measur-
ing about Tr-ĵ -jjoth inch.' 

The question now arose, Was this organism, so constantly 
present, in milk which was undergoing the lactic fermentation, 
the cause of that change or not ? Was some other bacterium 
the active agent, or was it some hypothetical organic molecule ? 

Mr. Lister solved these points in the following beautiful 
manner. He prepared a series of flasks containing milk which 

1 Annates de ('/rim et de Phys., vol. lii. p. 407. 
2 Transactions of the Pathological Society of London, 1878. 
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had been boiled. These were kept for some time till it was 
certain that the milk had been rendered sterile. Having cal-
culated how many of these oval organisms were present in a 
given quantity of fermenting milk, he diluted this milk so as to 
have only one bacterium in a definite quantity (e.g. -J--th of a 
minim) of the fluid, supposing that the bacteria were equally 
diffused throughout it. 

This was done in the following manner :—' By means of the syringe 
already described ' (oue graduated to the TJ-0th of a minim) 'one or 

more hundredths of a minim could be 
measured with precise accuracy; and I 
found that Jg-th minim exactly occupied 
a circular plate of thin covering glass, 
half an inch in diameter, so that when 
such a drop was placed on a glass slide, 
and a cover glass of the size mentioned 
and quite flat was put down upon it, all 
air was expelled from under the latter, 
and the rim of fluid that formed round 
about its margin was so narrow as not 
to measure a quarter of the diameter of 
the field of the microscope even when 
the highest magnifying power was used, 
In other words, J,, th minim was disposed 

in a thin uniform layer of the exact size of the cover glass. Hence 
the number of bacteria under the glass slip—that is to say, in s'ffth 
minim—was equal to the number of the bacteria in a field of the 
miscroscope multiplied by the number of times the area of that field 
went into the area of the covering glass. The micrometer gave the 
diameter of the field in thousandths of an inch ; and the cover glass 
measured 500 thousandths of an iuch across; and the areas of the 
circles were of course proportioned to the squares of those diameters. 
All that was needful, therefore, in order to enable me to calculate 
the number of bacteria in th minim, was to form a fair estimate of 
the number of bacteria per field, and this was done by counting the 
organisms in a considerable number of fields, and taking the average. 

' As the result of the estimate which I made of the number of 
bacteria present in every ^th minim, I found it necessary to dilute 
the milk with no less than a million parts of boiled water, in order 
that every T,'-0th minim should contain on the average a single bac-
terium.' » 

F I G . 7 1 . — B A C T E R I U M LACTIS 
IK PAIRS A N D CHAINS. 

Iu one chain the component cells arc-
undergoing division. (After Lister.) 
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Having obtained the necessary dilution Mr. Lister pro-
ceeded as follows :—' One-hundredth minim of the infected 
water was added by means of the syringe to each of five glasses of 
pure boiled milk. The result of this inoculation was that only 
one of the five glasses was affected at all.' The others remained 
unchanged, without fermentation, and without bacteric develop-
ment. The one which was affected underwent lactic fermen-
tation, and in it the bacterium lactis alone was found, no 
other form of organism was present. This bacterium was inocu-
lated into urine and developed there. After four days milk was 
inoculated from this urine. The milk underwent lactic fer-
mentation, and these bacteria were again found. Drops of urine, 
diluted so as to contain three bacteria per drop, caused lactic 
fermentation in all the vessels to which they were added. 

The following experiments afford absolute proof that the 
bacterium was the cause of the fermentation : 

'On August 30 last (1877), having provided sixteen pure 
glasses of boiled milk, and having estimated, in the manner 
already described, the number of bacteria present in every ^ t h 
minim of a glass of boiled milk, which had been inoculated the 
day before by touching it with a heated needle dipped in milk 
curdled under the influence of the pure ferment, I diluted a 
drop of this milk with boiled water to the requisite degree, and 
introduced into each of ten of the sixteen uncontaminated 
glasses a drop calculated to contain on the average a single 
bacterium, while five of the rest received each a drop supposed 
to contain two of the organisms, and the remaining glass was 
inoculated with a quantity in which, according to the estimate, 
•here would be four bacteria. The result was that within 
three and a half days the glass into which four bacteria were 
supposed to have been introduced contained a curdled mass, 
and the five which had received the drops arranged for two 
bacteria each had all undergone a similar change. Of the ten 
inoculated with drops averaging one bacterium each the 
majority were at this period still fluid, but some assumed the 
solid condition in the course of the next twenty-four hours, 
tiough at different times. But of this series of ten, exactly 
ve,as it so happened, remained permanently fluid.' 

Every glass in which curdling had occurred contained the 
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bacterium lactis; the five glasses in which the milk was 
unaffected contained no organisms. 

Iience it seems clear that when this organism is present in 
milk lactic fermentation occurs. Where it is absent this 
change does not take place, for, as Mr. Lister argues, we 
could hardly suppose that an organic molecule or ferment 
would occur exactly in the same cases as the organisms 
appeared, unless there was some intimate relation between 
them. If organic molecules, independently of the organisms, 
were the cause of this fermentation, some flasks ought to 
undergo lactic fermentation without the presence of any 
organisms; others ought to show development of these organ-
isms, but no lactic fermentation. 

Other Fermentations, especially the Putrefactive. 

I may just refer more as a matter of historical interest than 
of real use in this question to Lemaire's experiments with 
carbolic acid and his opinions on fermentation.1 

Lemaire showed that the addition of carbolic acid to organic 
fluids and tissues prevented putrefaction and other fermentations. 
Carbolic acid, according to him, did not interfere with the fermen-
tations caused by ' unformed ' ferments, such as synaptase, &c. 

He then pointed out that the unformed ferments can act at 
temperatures at which the other ferments are inert, as, for in-
stance, at zero and at 70° C. Trituration of yeast destroys its 
fermenting power, while trituration of emulsin does no harm. 
In, fact anything that favours life favours alcoholic and 
allied fermentations, while anything which is inimical to life is 
also inimical to these fermentations, though many of these 
things do not interfere with the action of 'unformed' fer-
ments. 

I have before referred to the experiments of Cazeneuve and 
Livon on unboiled urine. 

The method of obtaining the bladder with its contained 
urine has been previously described ; and in the successful 
experiments formerly mentioned on p. 37, no organisms were 

1 L'acide phi'/iiqiie, 1865. 

found, while if the somewhat concentrated urine were removed 
and diluted with ordinary water it became alkaline in twenty-four 
hours, and filled with ' torulacee.' Results similar to those men-
tioned were obtained when the urine had been previously 
rendered alkaline by the administration of soda or potash. 

Puncture of the bladder was soon followed by alkalinity and 
development of organisms in the urine: hence it is not the 
absence of oxygen from the urine which is the cause of the 
absence of change in it. The following experiment shows that 
the merest trace of oxygen is all that is required, if indeed it 
be at all necessary. 

Prevent the evaporation through the walls of the bladder, 
by immersing it, immediately on its removal from the body, in 
melted paraffin at the temperature of 45° C. This temperature 
is insufficient to destroy the germs which fell on the wall of the 
bladder during its transit from the abdomen to the paraffin.1 

Thus a layer of paraffin covers the outside of the bladder, pre-
venting the rapid evaporation of the fluid which exudes while 
living organisms are present on the wall of the bladder. In 
twenty-four hours remove the paraffin case. It is then found 
to contain an alkaline turbid fluid full of organisms. These 
organisms have not, however, had time in twenty-four hours to 
penetrate into the interior of the bladder, and therefore the 
urine inside is found to be still acid and devoid of life. The 
same is the case with urine rendered alkaline—the fluid outside 
contains organisms, that inside is free. 

But let the bladder be first dipped in paraffin at 100° C., so 
as to destroy any living organism in contact with the wall, and 
then, after removing it from this paraffin at the end of a 
minute, let it be plunged into paraffin at 45° C., so as to get a 
thicker coat (this paraffin is previously heated to 110° C., and 
during cooling is protected from the dust), it will be found that 
even after three days the fluid outside the bladder—in the 
paraffin cup—is still clear, acid, and devoid of organisms. Leave 

Madder now exposed to the air for say five hours, then 
give it a new coating of paraffin at 45° C., and leave this on 

' T h a reason why the organisms do not develop on the bladder hung up in 
ie air is that the fluid dries as soon as it exudes, and therefore the organisms 

have no fluid in which to develop. 
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for three days. The fluid outside the bladder will be found 
in this case to be ammoniacal and to contain organisms. 
Hence the walls of the bladder and the fluid in the interior 
were not modified by the heated paraffin in the first part of the 
experiment. 

These experiments alone are sufficient to refute Liebig's view 
of organic molecules and decaying matter ; for in the first part of 
the experiment they were present in an unlimited amount, but 
so long as organisms were excluded no fermentation occurred. 
Their bearing also on the theory of spontaneous generation 
will be at once evident, and has indeed been already alluded to. 
I would only refer here to the experiments in which the urine 
was made alkaline, and in which therefore we had a natural 
alkaline urine full of organic molecules and in contact with the 
tissues of the bladder, and yet no organisms appeared in it so 
long as the dust of the air was excluded ; in other words, the 
alkali had no influence in determining the re-arrangement of 
the numerous organic molecules which were present in the 
wall of the bladder and in the fluid in its interior, so as to 
form new living beings. This is in exact coi'respondence with 
Dr. Roberts's results, and is a much more telling experiment. 

Some very remarkable and convincing facts have been lately 
obtained by Dr. Paul Bert,1 

On subjecting the ' unformed ' ferments, such as ptyalin, 
pepsin, inversive ferment, myrosin, and emulsin to high degrees 
of pressure, he found that the properties of these ferments were 
not in any way impaired. 

Thus to quote Experiment 467 :— 
' 21 Juillet 1874. Saliva humaine étendue d'eau et placée dans un 

matras étiré à la lampe, et soumis à 15 atm. d'un air suroxygéné. 
' Le 30 Juillet je décomprime et soude l'extrémité du tube effilé. 
'18 Janvier 1875. Cette saliva qui ne sent rien et paraît bien 

normale, neutre aux. réactifs, transforme avec une grande énergie 
l'amidon cuit en glycose.' 

It was proved by a former experiment (p. 201) that the anx-
iolytic property of ptyalin was not altered by diminution of 
pressure, and the same is true when the pressure is increased: 

La Pression barométrique. 
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and, what is of great importance, other ferments of the same class, 
which are apt to lose their properties when kept, owing to the 
occurrence of putrefaction, retain these after being subjected 
to strong pressure if new causes of putrefaction are excluded. 
The explanation of this fact is simply that the bacteria and 
fungi are killed by the high pressure. 

Bert also enquired whether these ferments could continue 
to act, in this compressed air, and he found that though they 
did continue to act the rapidity of their action was manifestly 
diminished. Thus Exp. 470 :— 

' 20 Janvier. Salive, amidon cru et eau. Bien mêlé et placé dans 
plusieurs tubes. On s'assure que le mélange ne contient pas de 
glycose. 

'A—à la pression normale, bouché avec cornet de papier renversé. 
'B—à 21 atm. d'air suroxygéné. 
' Tous les deux sont mis à l'étuve, 30 degrés. 
' 25 Janvier. Essayé avec liqueur bleue :— 
' A—7ce en réduisent 35 gouttes. 
' B—7ce en réduisent 14 gouttes.' 

This result was, however, not obtained unless the fluids were 
examined within a few days. At a later period, especially if 
diastase was employed, the contrary was found ; the fluid, 
subjected to compression, containing more sugar than the other' 
It was found that the explanation of this was that the diastase 
which had remained exposed to the air had become altered 
owing to the growth of organisms in it, while organisms ben,.' 
unable to develop in that subjected to high pressure, the 
diastase had retained its properties and continued to act. 

Paul Bert concludes: 'All the soluble false ferments with 
which we have experimented, diastase, ptyalin, pepsin, inversive 
ferment. myrosin, emulsin, have yielded the same result, and 
have retained their characteristic properties, after the prolonged 
action of oxygen, at a high pressure. Indeed, as this compressed 
oxygen destroys the germs of fungi, vibriones, &c., which 
sooner or later destroy these ferments when exposed to ordinarv 
air, the latter remain unaltered for an apparently indefinite 
period of time.' 

If we now compare these facts with those obtained'by sub-
jecting the ' true ' ferments—those causing putrefaction, & c . - t o 



high pressures, we shall find a remarkable contrast ; the latter 
class of ferments behave under high pressures like living beings, 
not like the unformed ferments just mentioned. 

Bert says : ' The most striking fact which has been made out 
in these experiments is that, in air sufficiently compressed, 
putrefaction does not occur, no disagreeable odour manifests 
itself, and muscle, for instance, preserves its normal appearance 
except in colour; its microscopic structure is not markedly 
altered.' 

Thus Exp. 404. ' 17 Mars. Viande en morceaux et eau ; dans 2 
petits matias effilés à la lampe. A—à la pression normale. 

< g g ' à, 16 atmosphères d'une compression faite avec de l'air 
contenant 80 pour 100 d'oxygène. 

' 26 Mars. Décomprimé. A, pourri, infect. B n'a pas d'odeur et est 
neutre aux papiers réactifs.' 

But this is not all ; for when one restores the pressure to 
the normal, taking sufficient precautions to prevent the 
entrance of new organisms from without, putrefaction no longer 
occurs, and unboiled meat may be preserved at the normal 
pressure for an indefinite time after being subjected to high 
atmospheric pressures. The precautions required to prevent 
the entrance of organisms after the compression, and to ensure 
the c o m p l e t e destruction of those present, are detailed on p.l 84 . 

Exp 407. '20 février. On met dans 15 tubes 15 morceaux de 
viande pesant chacun 1 gr. Ces tubes sont ensuite étirés à la lampeet 
soumis dans l'appareil en fer, à 15 atmosphères très-suroxygenes. 

' 3 Mars. On décomprime avec précaution et l'on ferme à la lampe 
les 15 tubes." L'analyse de 3 d'entre eux, faite aussitôt, donne de 70 
à 80 pour 100 d'oxygène. 

' 13 Mars ' On brise un des tubes sous le mercure : viande am free, 
pas d'odeur, réaction acide. On trouve 6*2 pour 100 d'acide carte 
nique et 77'8 d'oxygène.' 

From a huge number of experiments Bert finds that a pres-
sure of twenty-one atmospheres is sufficient to kill the organisms 
which cause putrefaction. Similar facts were made out as 
to fermentations in blood, eggs, urine, milk, alcoholic fermen-
tations, &c. A fact which he observed more especially' m con-
nection with blood and milk, is worth mentioning. He to«« 
that in the case of milk, as in the case of other substances, 

putrefaction was arrested by compressed air. But if tubes 
were used neither coagulation nor rapid acidification were 
prevented. W as this because oxygen in tension was without 
action on the bacterium lactis ? or was it that the coagulation 
of milk was not the work of these microscopic organisms, but 
rather of some agent which can resist oxygen, as we have seen 
to be the case with the ' unformed ' ferments ? On further in-
vestigation, however, he found that the result depended on the 
thickness of the layer of liquid. If it was thin the tendency 
to coagulation was destroyed. 

Exp. 431. < 10 Août. Lait bouilli; mis en couche de 2 à 3 
millimètres d'épaisseur dans deux cristallisoirs neufs et bien lavés. 

' A—à l'air libre, sous un verre qui arrête les poussières. 
' B—à 25 atmosphères d'air suroxygéné. 
' 14 Août. Décomprimé. 
' A est coagulé depuis le 11 et sent très-mauvais. 
' B est liquide, ne sent aucune odeur et paraît normal.' 

Paul Bert sums up his results with milk as follows : ' These 
experiments prove in a very conclusive manner that oxygen in 
a state of high tension prevents the coagulation of milk, that is 
to say, kills the vibrios which cause the lactic fermentation. 
As the action of these organisms is very rapid, it is necessary, 
in order to arrest it, to employ oxygen at very high pressures^ 
and to have the fluid in a thin layer, so that the oxygen can 
saturate it quickly. In the case of putrefaction, which 
occurs much more slowly, these excessive precautions are not 
necessary; milk differing from blood in not consuming the 
oxygen as it penetrates the liquid, the gas has time to reach 
the bottom of the tubes and to kill all the putrefactive agents 
present. This fact explains how one can so easily, by means 
of compressed air, prevent milk from putrefying, and yet have 
so much difficulty in preventing its coagulation.' 

It would be superfluous to pursue the proof of this matter 
further. The greater part of the preceding portion of this 
work has consisted of evidence which, taken together, can leave 
no doubt on the mind that putrefaction, like other fermen-
tations, is caused by the growth of organisms in the putrefying 
material Pasteur's researches have led him further, and caused 



him to adopt a theory of fermentation which has certainly 
many facts to support it, though I doubt if it can hold good in 
many instances. He thinks that when a substance putrefies 
two classes of microscopic organisms are at work, the first in 4 

point of time being chiefly engaged in abstracting the free 
oxygen from the material, and the second, which then appear, 
being unable to live in free oxygen, but nevertheless requiring 
oxygen for their growth, and obtaining it from the chemical 
combinations present. The result of this extraction of oxygen 
is the breaking up of these compounds—their putrefaction-
and the rearrangement of their elements to form new com-
pounds, which constitute the products of putrefaction. Whe-
ther Pasteur's theory be true or not, all the experimental results 
taken together, as well as the numerous facts known as to the 
power of antiseptics in arresting this class of fermentations, 
render it no longer doubtful that the particles which fall 
into organic materials and cause fermentations there, are the 
same as those which, falling on the same substances, give rise 
to the lower forms of organisms ; in other words, are bacteria 
or their spores. 
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facts, but nevertheless I think it well to introduce here some 
investigations which I have carried on with reference to this 
question.1 

The mode in which I propose to ascertain whether the 
former conclusions apply to the living body or not is by the 
examination, in various ways and under varying circumstances, 
of fluids and tissues in the body. 

We have before seen that the method which we have agreed 
to term the aseptic method of treatment is nothing more or 
less than a series of experiments on the germ theory of putre-
faction—experiments made with the object of rendering atmo-
spheric dust inert before it reaches the wounds. We shall 
attain the object of the present enquiry by ascertaining how 
far these experiments are successful. In discussing this ques-
tion the following points suggest themselves :— 

Does the aseptic method of treatment prevent putrefactive 
or other fermentations in the discharges or tissues of wounds? 

If putrefaction is prevented are organisms also excluded? 
If under any circumstances organisms do enter wounds so 

treated, what are the peculiarities of these bodies ? 
Are organisms present or do fermentations occur in fluids 

or tissues in the living body, which have never been exposed 
to the atmospheric dust ? 

If organisms are present, how is their occurrence to be 
explained? , , 

If organisms enter wounds treated aseptically how do they 
get in ? r 

1. First, then, does this method prevent putrefaction t Un-
doubtedly it does. Compare the course of an abscess, con-
nected with diseased bone, opened and kept open without 
aseptic precautions, with that of one opened in accordance 
with strict aseptic principles. In the former case the pus 
rapidly undergoes fermentation, in all probability putrefaction; 
in the latter case the discharge does not undergo f e r m e n t a t i o n , 

and remains sweet and pure till healing is complete, however 
long that may be. I have at this present moment in my mm 
such a case. A patient, a young woman, came under - • 

• For many details not mentioned here, see the Transactions of th 

Pathological Society for 1879. 

Lister's care in August 1876, with spinal disease and psoas 
abscess. Subsequently a psoas abscess appeared on the other 
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imperfectly carried out, or in themselves faulty. In answer to 
objections of the former nature urged by Professor Klebs'of 
Prague, Dr. Ranke2 published another paper in July 1876, 
quoting cases to show that the treatment had been in reality 
properly carried out. He instances especially cases of hydro-
cele, treated by making a small incision into the sac with 
aseptic precautions and stitching it to the skin, where cure 
followed without any inflammation or constitutional disturbance, 
but where, nevertheless, organisms were present in the dis-
charge. From those cases, as well as from the various pub-
lished reports of the results of Professor Volkmann's practice, 
there seems no reason for doubting that the observations were 
made on wounds treated with all due precautions, and following 
an aseptic course similar to that which Mr. Lister himself 
would expect. 

About the same time Demarquay 3 published the results of 
eight cases treated ' antiseptically,' in all of which organisms 
were found. The general course of the wounds so treated, as 
described by the author, and the fact that one of the eight 
cases died of pyemia, show that whether the cases were treated 
antiseptically or no, they were not treated aseptically. 

Two years later there appeared a paper by Dr. Fischer of Stras-
burg,4 giving the result of investigations carried on in Professor 
Liicke's wards. He employed chemical tests, especially acetic 
acid and glycerine, as recommended by Yon Kecklinghausen, 
and he found organisms in all the cases examined. He, how-
ever, states that bacteria were not unfrequently present, Iiis 
results differing in this respect from those of Dr. Eanke. Now, 
it so happens, I spent the summer of 1876 in Strasburg, and 
thus had frequent opportunities of seeing the ' aseptic practice' 
in that hospital, and I can only say that I was not surprised 
when I heard that bacteria had been found in the wounds. 

The last paper on this subject was published by Di'-
Schüller5 in the spring of 1877. In his investigations at-

1 Archiv für Experimentelle Pathologie, Bd. iii. p. 315. 
2 Deutsche Zeitschrift fitr Chirurgie, Bd. vii. p. 68. 
3 Comptes-Rendus, 1874. 
' Deutsche Zeitschrift für Chirurgie, Bd. vi. p. 320. 
5 Ibid. Bd. vii. 

tempts were made to cultivate organisms from wounds. He 
found that in many cases organisms were absent both from the 
discharge and the cultivating liquid, whilst in other cases they 
were present. He does not specify what the nature of these 
organisms was, and he is inclined to associate their presence in 
wounds with the occurrence of tension, &c. There are various 
objections to his results, but these I need not stay to discuss. 

As long ago as 1876 I began a series of investigations on 
this matter. My first observations were of the same nature as 
those made by Dr. Fischer; that is to say, I not only examined 
the discharges microscopically, but I also treated them with 
acetic acid and glycerine. These substances are recommended 
by Professor Recklinghausen for this purpose, the glycerine being 
supposed to dissolve the fat granules and the acetic acid to 
render the protoplasm invisible; thus, only nuclei and micro-
organisms are left. On treating pus in this way I found that a 
large quantity of granular matter remained, and, though I very 
soon arrived at the conclusion that bacteria—i.e. rod-shaped 
organisms —are not present in the discharge from cases treated 
aseptically, I could not say whether among the granular 
matter seen there were or were not micrococci. This difficulty 
is the greater as there is more granular matter in aseptic 
wounds than in others. 

I therefore soon commenced a series of cultivation experi-
ments. The following was the principle on which I acted. On 
introducing a particular form of organism into a suitable pabu-
lum with precautions against the entrance of others, this form 
of organism will grow there. This being the case, theoreti-
cally one would only require to inoculate some suitable pabulum 
with various discharges—on the one hand to get a development 
of organisms, on the other to find the fluid remain free from 
organisms, and unchanged. Various preliminary experiments, 
which I need not detail, established this. For the present 
investigation some suitable pabulum must be taken, sterilised, 
and inoculated under proper precautions with discharges from 
wounds. If we have a really pure pabulum, and the inocula-
tion has been carried out in such a way as to prevent the en-
trance of any extraneous organisms, the inference, where 
development occurs, would naturally be that organisms have 



been present in the fluid from which the inoculation was made 
If, on the other hand, the same method has been employed' 
and no organisms develop, the inference would be that no 
organisms existed in the fluid. 

I first used milk, but for various reasons I gave it up, and 
tried Pasteur's and Cohn's fluids, and, after reading Schiiller's 
paper, Bergmann's; but I found these artificial solutions too 
insensitive to be of any value for my purpose. I then used 
vegetable infusions, more especially turnip, and ultimately 
infusion of cucumber, which last seems to be very sensitive". 
I also employed in many cases an infusion f meat. 

The infusion having been prepared, is filtered, introduced 
by syphon into Mr. Lister's double-necked flasks, boiled for 
twenty minutes, kept for some days (at least two) in an incu-
bator, and then decanted under a spray of carbolic acid into 
smaller purified flasks, which are likewise placed in an incubator 
for several days before being used. These flasks are covered 
with cotton wool caps purified by heat or carbolic acid, or they 
stand on a glass plate and are covered by a glass cap and a glass 
shade, as described before in the case of Mr. Lister's liqueur 
glasses. 

For the purpose of inoculation, small capillary tubes, such 
as those used for vaccination, were employed. These possess 
the advantage over needles, in that, while they take up a larger 
quantity of the discharge, they protect it from the carbolic acid 
of the spray during the transit from the wound to the flask. 
The tubes are dropped into the flask containing the cucumber, 
and this is then placed in an incubator kept at the temperature 
of the human body. (See Fig. 72.) 

The procedure may be shortly described as follows:-The 
outer portion of the dressing having been removed under the 
carbolic acid spray, a tube which has been previously purified 
in carbolic lotion is heated in the flame of a spirit lamp in the 
spray, so as to drive off all the carbolic lotion and to render it 
dry. This tube is now rapidly introduced into the drainage 
tube, and from thence immediately into the flask which is 
opened in the spray close to the wound. The flask is then 
placed in an incubator kept constantly at a temperature of 
98° Fahr. In the case where flasks with cotton caps are used 

it is well in performing an experiment to wet the margin of the 
cap with carbolic lotion before lifting it, so as to prevent any 
dust from falling from the cap into the fluid. This is a very 
important precaution. 

Having ascertained that the method proposed was perfectly 
trustworthy, I proceeded to the investigation. 

In performing the experiments I always inoculated two 
flasks, and often another was taken and the whole process gone 
through in the same place, with this difference, that the tube 
in the latter case, when heated, was put directly into the flask 
without touching the wound. These latter 
flasks remained, without exception, clear. 

When development occurs in the flasks 
inoculated the fluid generally becomes 
muddy in 30 to 50 hours, but where the 
fluids remained clear I have kept them in 
the incubator for weeks, and then tested 
them by the addition of some substance 
containing bacteria. 

As a result, I find that in cases treated 
aseptically, where of course there was an 
unbroken skin to start with, one of two 
things may happen—either the fluid re-
mains perfectly clear, without the develop-
ment of organisms, showing that none were 
present in the wound; or the fluid becomes turbid from the 
presence in it of organisms of the form seen in Fig. 1, Plate I. 
In both cases the wound may follow an aseptic course; i.e. no 
local or constitutional disturbance results from the operation, 
and from the appearance of the wound one could not tell in 
many cases whether these organisms were present or absent. 

From Fig. 1 it will be seen that these organisms are minute 
spherical bodies arranged in pairs; in triplets, in which case 
they form a triangle (a very important point in distinguishing 
them from other forms); in groups of four (positions which 
bacteria never take up); also in short chains and groups of 

, g e r o r s m a l l e r size- In fact they belong to the group of the 
schizomycetes termed micrococci. 

1 have said that in many cases one could not tell from the 
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course of the wound whether these organisms are present or 
absent, but sometimes their presence can be suspected. Those 
who have worked long at aseptic surgery will have met with 
cases where when a dressing is left on for six or seven days, or 
when adeep dressing is left for some weeks, the discharge acquires 
a sour odour and the skin around the wound becomes somewhat 

excoriated. As the wound in other respects follows an aseptic 
course, Mr. Lister concluded that this was probably a chemical 
change taking place between the discharge and the materials 
in the gauze dressing. Knowing the peculiar property pos-
sessed by salicylic acid of preventing chemical fermentations, 
Mr. Lister uses it in such cases with the effect of diminishing 
or preventing this change. 

In these cases I have always found micrococci. 
If micrococci be grown in a small quantity (3 to 8 drachms) 

of cucumber fluid, after three days they seem to die; at any 
rate, they will not grow in any liquid. But yet if the fluid he 
kept for some weeks it will gradually become red, till it ulti-
mately is of a dark vermilion tint. Thus chemical changes 
continue after the activity of the organism has ceased. May 
not something of the same kind occur in these cases ? Chemical 
changes are primarily set agoing by these organisms, but con-
tinue of themselves, and thus salicylic acid acts by preventing 
these changes, as Mr. Lister supposed, though, according to 
this view, the organisms are necessary for their commencement. 

If now we contrast these results with those obtained in 
wounds not treated strictly aseptically we find this marked 
difference, that in none of the latter were organisms absent, 
while in almost all bacteria as well as micrococci were present. 
It is to be observed that in many of the cases antiseptics were 
employed, both in the external dressings and injected into the 
wound, but no precautions were taken either to penetrate to all 
the recesses of the wound with the antiseptic so injected, or to 
prevent the access of organisms during and after the dressings. 

I may mention that in four cases which were originally 
treated aseptically bacteria were found, but in all these their 
presence was indicated by disagreeable smell or by symptoms 
of local or constitutional disturbance. It is thus evident that 
bacteria as well as micrococci can flourish under an antiseptic 

dressing. The explanation of their absence must therefore 
be that the circumstances which permit of the entrance of 
micrococci are not such as to allow the advent of bacteria. 

It was thus satisfactorily established that there was a very 
marked difference between the discharges of aseptic wounds 
and of those not treated aseptically. From the former, 
organisms were generally absent till about the end of the case 
when the dressings were left, on for several days. In the 
latter, organisms are present, even within the first twenty-four 
hours. Again, in the former, when organisms did appear they 
constantly belonged to the group of micrococci, in the latter 
rod-shaped organisms were frequently present as well, and 
generally in large quantities if there was any putridity in the 
wound. 

It was just possible that an objection could be brought 
against these results to the effect that organisms might have 
been present in the discharge of aseptic wounds, but that they 
were unable to develop in the fluid used for cultivation. To 
obviate this objection as far as possible I used a variety of 
cultivating fluids and got the same results with all. 

During the spring and summer of 1880 I renewed the study 
of this subject in a different manner. I adopted Koch's 
method of staining bacteria1 and I employed it in all Mr. 
Lister's cases from the beginning of March till the end of June 
(four months), and my results confirm in every respect those 
which I had got by the method of cultivation. 

I find that, in the first few days after an aseptic operation no 
organisms can be found in the discharge, and that, when they 
ultimately do appear, they are micrococci, not bacteria. On the 
other hand, after operations not performed aseptically organisms 
are generally present from the first, and as a rule these consist of 
bacteria as well as micrococci. 

The principle of this method of staining is that various 
aniline dyes, more especially methyl violet, fuchsin and aniline 
brown, stain chiefly the nuclei of cells and bacteria ; though these 
are generally the only bodies stained, yet in some cases, especially 
1 the staining is excessive, other albuminous granular matter 
may also become coloured. However, even where such is the case 

1 See Colin's Bcitrdge zur Biologic dor Pflanzen. 
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the organisms can, as a rule, be easily recognised by their form 
and arrangement, The pus or other fluid to be examined is 
spread in a very thin layer on a cover glass or slide, and left to 
itself to dry or dried over a spirit lamp. In the case of albu-
minous fluids it is well to do nothing more for at least twenty-
four hours. These cover glasses may be kept for months and 
then used, for no organisms can grow on the dried materials. 

In order to stain the specimens a few drops of a saturated 
solution of methyl violet or of fuehsin in alcohol are added to 
distilled water till a sufficient depth of colour is obtained. This 
can only be determined by experience, but it is well to stop be-
fore any precipitation can be detected. (Dr. Ogston recom-
mends a watery solution of methyl violet of the strength of 
half a grain to the ounce.) A drop of this solution is allowed 
to flow over the cover glass, being retained in contact with the 
material to be stained for about one minute. It is then washed 
off with distilled water and the cover glass again dried as before. 
When quite dry it is mounted in Canada balsam. 

When aniline brown is used a concentrated solution in 
glycerine is prepared. This is filtered, and one part of the 
filtrate is added to an equal quantity of distilled water and an 
equal quantity of pure glycerine. This mixture is now filtered and 
is then ready for use. I find that this fluid, while it does excel-
lently for staining organisms in such fluids as cucumber, turnip 
infusions, &c., does not stain them well in pus. I find it best 
in the latter case to place a drop of the staining fluid on a slide, 
then lay on the cover glass, the material to be stained being of 
course lowermost. Leave this for twenty-four hours and then suck 
out the staining fluid with filter paper, introducing in its stead 
pure glycerine. This is a difficult process, and the specimens are 
frequently not quite clean. However, if one examines the layer 
attached to the cover glass, one sees what was in the material; 
the fragments which are floating free may consist of all sorts of 
debris. The specimen is then surrounded with cement. 

The results of these methods of staining are very beautiful. 
If the staining is not too intense, only the nuclei of the pus-cells 
and any organisms which are present are stained, and the latter 
can be recognised with the greatest readiness with a sufficiently 
high power. 
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So much for the method. Plates I. to IV. illustrate the 
results. 

Let us take first some specimens from wounds which have 
not been treated aseptically. Here it will be seen that there 
are always organisms, and that these generally consist both of 
bacteria and micrococci, though sometimes of one or other alone. 
Look at any wound not treated aseptically, which has not united 
by first intention, and which has been somewhat recently made, 
and you will get this result. 

Case 1.—Fig. 2 is a specimen of the discharge taken from a com-
pound dislocation of the thumb a few days after the accident. The 
wound had not been treated aseptically, and it had a very foul smell 
(The patient, by the way, died of tetanus.) Here a great variety of 
organisms will be found—bacteria, bacilli of various kinds, and 
micrococci. 

Case 2.—Fig. 3 is a specimen of discharge taken from a wound of 
the scrotum in which a small slough was lying. The wound was 
syringed out daily with carbolic lotion 1-40, and dressed with boracic 
ointment. The discharge had a very foul smell. Here there are 
multitudes of minute bacteria, bacilli, and micrococci. 

Case 3.—Fig. 4 was taken from a case in the out-patient room 
not treated aseptically. There was not much discharge and no putrid 
odour; rather a slightly rancid smell. Here well-marked bacilli 
can be seen. Discharge taken on two occasions presented the same 
appearance. 

Case 4. Fig. 5 was taken from a case of amputation of the thigh 
wluch bad been done two, days previously, and had been treated by 
•mgation, though I must say, for the credit of irrigation, not very 
efficiently. Here there was a slight smell. Bacilli are present. 

Case a.—Fig. 6 was taken from a case of excision of the hip-joint 
r : n U m f 0 U S s in»se* existed previous to the operation, and where, 
therefore, there was no hope of eradicating putrefaction. I dressed 
this case myself, washing out all the sinuses daily with 1-40 carbolic 
sil ? u a p p l y i n g b o r a c i c o r salicylic acid ointment, and out-

. thlS ^ l int" The specimen figured was taken more than 
our months after the operation, and contains numerous bacteria • 

m l h Ju' a l t h°U g h t h e WOim<1 h a d b e e n treated assiduously for 
mouths with antiseptics, but not aseptically. 

At the end of March some pieces of dead bone were felt, and 

thom,Tl'e m T e d ° n A p r i l l s t l T h e w o u n d a n d souses were 
hoioughly washed out with chloride of zinc and dressed as before. 



The discharge, taken two days later (on April 3rd), had a putrid odour, 
and contained numerous large and small bacteria. 

On the following day (April 4tli) it presented the same appearance. 
Sixteen days after this second operation (on April 17th) there were 
still numerous bacteria present 

Case 6.—Take again a case of Syme's amputation performed on 
March 9th, 1880, for disease of the ankle-joint. Several sinuses were 
included in the flaps. Free drainage was employed, and salicylic or 
boracic ointments and boracic lint. This case went on very well; i.e. 
there was at first a little odour, but this was very slight and soon 
almost entirely disappeared. The discharge got less, and the wound 
came to look somewhat like an aseptic wound. 

Fig. 7 (March 15th, from drainage tube) shows chiefly streptococci 
in pairs; no typical micrococci, nor the colony form of micrococci; 
small bacteria; a few long rods. 

On March 17th the discharge taken from the drainage tube con-
tamed chiefly oval bacteria; also streptococci (i.e. spherical bodies in 
chains); no typical micrococci; a few long bacteria. 

On April 12th the organisms were much less numerous, there being 
only a few streptococci and bacteria. ' 

April 14th, very few organisms—streptococci. 
April 16th, rather more organisms than in the last—only strepto-

cocci. There had been a little retention of the discharge. 
May 14th, a considerable number of streptococci; also a few oral 

bacteria : drainage not quite perfect. 
Here we see that organisms were present, but so long as the 

discharge flowed freely away, they did not develop. When tension 
occurred they grew. The wound did very well, and forms of micro-
cocci were the chief organisms present. 

So much for examples of cases not treated aseptically. In 
all cases organisms were present, and these were almost always 
bacteria. The more putrid the discharge, the more numerous 
and the smaller were the bacteria (Bacterium termo?). The 
better the progress of the wound, and the better the drainage, 
the fewer the organisms; but nevertheless there was always 
some form of organism present, and had I inoculated infusions 
from them, I should certainly, according to my former extensive 
experience, have got bacteria, as well as micrococci, to develop 
in all cases. The significance of the diminution in number of 
the bacteria in the last case is a point which I shall not discuss 
here. I will merely state that in some wounds following a 

very satisfactory course micrococci only can be found by this 
method of examination.1 

Let us now look at cases treated aseptically. I shall only 
mention a few instances, but I may state that I have examined, 
in almost all cases, specimens of discharge taken at every dress-
ing with the same results as are illustrated here. 

In the first place, I will give two cases which show that all 
forms of organisms may be permanently excluded by strict asep-
tic treatment. 

Case 7.—Take first the most testing case of all—one of em-
pyema. Here at each change of the dressings air is sucked in with 
every inspiration, but when the dressing is done with aseptic pre-
cautions, this ah- has been acted on by carbolic acid. We shall 
therefore see whether the spray is efficient in destroying organisms. 

The case of empyema to which I refer was one of considerable 
standing, and was opened aseptically on March 7, 1880. The cavity of 
pleura was not washed out, and during the whole of the treatment no 
carbolic acid or other antiseptic was applied to the interior. Hence 
jf organisms got in, they could develop just as freely as in a flask. 
There were no organisms in the pus when evacuated. The dressing 
was changed daily. ° 

Fig. 8 is a specimen taken on March 15th, eight days after the thorax 
was opened. This contains no organisms of any kind, neither bacteria 
nor micrococci. Hence for eight days the spray had been efficient 

Fig. 9 was taken on April 13th, i.e. thirty-seven days after the 
incision. Specimens examined in the interval were free from or-
ganisms, and here it will be seen that there are no organisms of any 
kind. This result is the more convincing, as for some days there had 
been a difficulty to the exit of the fluid, and some discharge was pent 
up m the lower part of the thorax. This was let out on April 13, and 
the specimen was taken from this fluid. Now my invariable experience 

beeu ' t h a t w h e n accumulation occurs, if organisms were 
present before, they will be found in large numbers in the retained 
auid; m fact they develop just as freely as if the fluid were in a flask. 
A specimen taken on April 19th-t.e. forty-three days after the in-
cision—was also free from organisms. 

This case seems to me an absolute proof of the efficacy of 

p e r i ' m t i 6 5 6 7 f S ' l l T S h m ! c r 0 c ° c c i a l o n e c ° u l d be found, yet cultivation ex-
P nmcnts would in all probability have revealed the presence of bacteria as 



the spray in destroying the activity of the particles in the air 
which give rise to organisms and fermentations; for here the 
action of the living tissues, to be afterwards discussed, could 
not come into play—the fluid was under the same conditions as 
if it had been in a flask placed in an incubator. The conditions 
exactly correspond with my spray experiments (p. 26 et seg.). 

Case 8.—Take next a case of incision into the knee-joint in a 
case of gelatinous degeneration of the synovial membrane before 
suppuration had occurred. Mr. Lister has found that, in these cases, 
free incisions on each side of the patella, and the insertion of a 
drainage tube into the joint, often brings about a cure without sup-
duration and without the necessity for further operation. It was so in 
this instance. The incision into the knee was made, and drainage 
tubes inserted, on May 10th. 

On May 14th no organisms were present in discharge taken from 
the drainage tube. 

On May Kith, same result. Fig. 10 is a specimen taken on May 
20th from the drainage tube : no organisms. 

A specimen was also taken on May 20th from a plug of lymph 
in a small chronic abscess beside the knee, opened on May 12th, and 
here also there were no organisms. 

On May 22nd there were still no organisms. 

I might mention a number of cases to show that where the 
dressing is frequently changed, organisms may remain absent 
for a long time, or even altogether. Therefore where the 
dressing is changed frequently, and where the various aseptic 
precautions are thoroughly carried out, organisms never develop 
in the discharges. 

As a rule, however, the dressing is not changed so fre-
quently, and then, though organisms are absent at the com-
mencement of the case, they frequently appear towards its 
termination. In that case, however, the organisms which 
appear belong to the group of micrococci. 

The following cases illustrate this. 

Case 9.—I will take first a case treated strictly aseptically, and 
following a typical ' aseptic course.' This ra.se illustrates the entrance 
of micrococci after some days. 

The patient, a young man ast. 26, had suffered for a long time 
from a sore on his leg, which had now become epitheliomatous. The 

patient was very weak. Amputation was performed through the 
middle of the thigh. The case followed a typical course. There was 
no rise of temperature. The patient felt at once relieved by the 
removal of the disease, and his appetite and strength began to improve 
from the day of the operation. The wound healed by first intention, 
except where the drainage tube was. When this was removed the 
sinus became filled with lymph, and this becoming vascularised 
healing took place completely without the occurrence of granulation! 
The amputation was performed on April 8th. 

Fig. 11 was taken on April 9th (first dressing) from the drainage 
tube. No organisms, but there is a good deal of granular matter. ° 

Fig. 12, taken on April 10th from the drainage tube (second 
dressing). No organisms. Less granular matter. Much less dis-
charge. The dressing was now left unchanged for two days. 

Fig. 13, taken on April 12th from the drainage tube. No organisms. 
The dressing was again changed on April 14th, and one or two bodies 

were then seen which might be micrococci, but of this I could not be 
certain. 

Fig. 14, taken April 16th. A piece of lymph was clipped away 
and rubbed over the surface of a cover glass. There was almost no 
discharge. Line of incision soundly healed. The piece of lymph filled 
up the place where the drainage tube was. (The drainage tube was 
removed on April 14th.) Distinct micrococci • no bacteria; almost 
no leucocytes—those that are present being badly formed The 
dressing was now left on for three days, and in a specimen taken on 
Aprd 19th from the little bit of lymph there was nothing but micro-
cocci No bacteria and no leucocytes. The dressing was now left on 
tor four days. 

In another specimen taken on April 23rd, also from the Ivmph 
which had by this time become in the main vascularised, micrococci 
were present in great numbers. No bacteria. 

Here we see the typical result in a ease where the ordinary 
rule was followed of not changing the dressing till the dis-
charge comes to its edge. In this case displacement of the 
dressing was the cause of the frequent changing of the dressing 
utterly, f o r six or eight days no organisms appeared in the 
discharge. When they did appear they were micrococci. 
*a terra never got in. Further,, the micrococci, though lat-

n o r L e T m e n ° r m 0 U S n U m b 6 r S ' n e V e r C a u s e d suppuration, 
d t h e y apparently interfere with the healing of the 



Case 10.—Case of excision of the mamma and axillary glands for 
scirrhus, clone on March 19 th. 

Fig. 15, taken from the drainage tube on March 20th, contained 
no organisms. 

A specimen taken from the drainage tube on March 21st contained 
•no organisms. A specimen taken from the drainage tube on March 22nd contained 
one or two micrococci. 

These micrococci were more numerous at the next dressing on 
March 26th, and they were present in large numbers on March 31st 
and on April 2nd ; no bacteria having appeared, as will be seen in the 
next specimen. 

Fig. 16, taken on April 4th, when the wound was almost completely 
healed. Here there were numerous micrococci, but no bacteria. 

In this case the micrococci got in earlier than we have yet 
seen—viz. on the third day after after the operation —but never-
theless bacteria never appeared, and the wound did not seem 
any the worse for the presence of the micrococci. 

That micrococci may get in even earlier than this, if there 
is but little overlapping and much discharge, is evident from a 
case of removal of a small epithelioma from the cheek, where 
only a small dressing was applied, which was left on for two 
clays. The discharge obtained on the second day—'i.e. at the 
first dressing—was found to be full of micrococci. The edges of 
the wound were not brought together, but it became filled with 
blood-clot, and healing occurred under this without any suppur-
ation at all, and more rapidly than I have ever known it take 
place in such a wound, and yet numerous micrococci were 
present even from the first. 

Case 11 also illustrates this. A keloid was removed from the 
back of a man's neck on March 24th. A small dressing was applied, 
but there was a good deal of discharge, which reached the edge of t ie 
dressing a few hours after the operation. Specimen 17, taken at the 
first dressing on March 25th, shows a few micrococci. 

A specimen taken on March 28th (third dressing), and one taffln 
on March 31st, showed the presence of micrococci in large numbers, 
but no bacteria appeared at any time. 

And now I come to two cases illustrating very important 
points as to the source of these organisms. In these cases 

have examined the discharge, not merely in the drainage tube 
bur at some distance from the wound, under the gauze dressing 
and I have found that, though there might be no organisms fn' 
the wound, yet they might be present at the edge of the 
dressing and that micrococci had generally advanced nearer to 
the wound than bacteria. 

M a S m h 7 E X d S i 0 n ° f t h e m a m m a a Q d a X Ì l l a ^ clone on 
A specimen taken on March 28th from the drainage tube (first 

dressing) contained no organisms. ^ 
Discharge was taken on March 31st (third dressing) from the 

dressing, at a considerable distance from the wound. iL Z s L 
had not been changed for two days, and the discharge had m T e d 
the edge some hours before the visit- ?7,,\. • reached 
mkJSu bacteria ^ « 

20 is from » specimen of thè discharge taken at « , „ 
to fa» the drainage tube, and contains „ T ? 
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incisions, excision was performed on April 2nd. The drainage tube on 
the inner side passed in between the bones, and one was also introduced 
into a hole gouged in the bone; that on the outer side passed into an 
abscess cavity in the soft parts. The case followed the typical course. 

A specimen was taken on April 2nd from some curdy material 
found in the interior of the joint. (It must be remembered that the 
interior of the joint had been in communication with the outer world 
for some weeks by means of a drainage tube, but there had never 
been any suppuration in the cavity of the joint.) No organisms were 
found. 

A specimen taken on April 3rd from the drainage tube on the 
inner side contained no organisms. 

Fig. 21, taken on April 4th from the gauze at some distance from 
the wound on the inner side. One or two micrococci; no bacteria. 

Fig. 22, taken on April 5th from the inner drainage tube, con-
tained''wo organisms. Contrast this with Fig. 21, taken from the 
gauze on the previous clay. In it there were a few micrococci at some 
distance from the wound, but, as we see from Fig. 22, they did not 
get in. . 

Fie. 23, taken on April 8th from the inner drainage tube con-
tained a few micrococci. They had now reached the inner wound, and 
in later specimens they were found in large numbers. 

Fig. 24 is a drawing of a specimen taken on April 15th from the 
outer drainage tube leading into the abscess cavity. This contained 
no organisms, although they were present on the inner side of the 
knee on this same day in large numbers. This shows that the organ-
isms could not have come through the blood or developed spon-
taneously in the wound; otherwise they ought to have been found 
in the outer side as well as in the inner. 

From these results—and these are only a sample of what I 
have got by this method of investigation—and from my former 
cultivation results (each method very important in its own 
way), the difference which I have been led to establish between 
wounds treated aseptically and those not so treated will he 
evident. 

Wounds treated aseptically are either free from organisms 
or, if the latter are present, they are only micrococci. The 
others always contain organisms, and, in the great raajmty 
of cases, these organisms are bacteria as well as micrococci. 

III. If, under any circumstances, organisms do enterwoun s 
treated aseptically, what are their peculiarities ? 

The facts just stated under the second heading imply thai 
we have to deal m wounds with two great groups of organisms-
rod-shaped organisms, or bacteria; and spherical organisms or 
micrococci. ° ' ' 

Some, however, assert that there is no specific difference 
between micrococci and bacteria; and these observers would 
say that the micrococci found in aseptic wounds are simply 
bacteria altered m form by the new conditions in which they 
are jdaced. Prof. Billroth, indeed, has gone so far as to assert 
that there is only one species, coccos, in the group of Schizo-
myeetes; that this may under varying circumstances assume the 
form of bacterium or coccos, these two being transmutable into 

h other. That micrococcus is an organism distinct from 
bacterium, is denied by Hallier and doubted by Klebs w h i W 
is strongly affirmed by Cohn, Rindfleisch and others 

lam now thoroughly satisfied that micrococci are reallv a 
c ass of organisms quite distinct from bacteria. I have obse ve 
he* and worked with them for four years, and I £ 

yet met with an instance in which a micrococcus has become 
bacterium, or vice versa. me <l 

Before considering the evidence on this point, I may define 
1 mean by micrococci. Thev are f f n i w - r , 7 
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Tiegel1 has pointed out, that if a fluid containing organisms 
be made strongly alkaline with carbonate of soda, bacteria 
quickly disappear and only a few micrococci remain, which also 
ultimately vanish. This indicates a chemical difference between 
the two forms. _ 

A similar chemical difference has been incidentally referred 
to by Koch2 viz., that while micrococci are stained by hema-
toxylin, bacteria are not, 

I have found that micrococci, when acted on by a strongly 
peptic solution at the temperature of the human body, remain 
unaffected, in contrast to ordinary albuminous granular matter, 
which, as a rule, soon disappears. Many forms of bacteria, 
similarly treated, become aggregated into clumps, or may for 
the most part disappear, only a few irregular rods and granules 
remaining. Here again a chemical difference is evident between 
the two groups of organisms. . 

Then as to their mode of growth. I have mentioned the 
triangular arrangement of micrococci, and said that this is 
typical of these organisms. This is supposed by Cohn to be due 
to a looseness of the intercellular substance, allowing the cells 
to become displaced. But then this arrangement is constant, 
and Mr Lister3 has by direct observation made out that it is 
due to longitudinal division of the cells (Fig. 25). This is a 
method of division which never occurs in bacteria. Here again, 
then, in their mode of growth we have a marked difference 
between the two. , , . f iw;nP 

Micrococci prefer acid fluids ; most bacteria prefer alkaline 
or neutral fluids. . „ 

Micrococci grow readily, as we shall presently see, in fluid» 
containing proportions of carbolic acid in which bacteria only 
grow with difficulty. 

Then lastly, direct observation has foiled to. show any trans-
formation of one into the other. I have specimens of micro-
c o c c i which have remained in cucumber infusion for ten montn,, 
and they were just as perfect micrococci at the end of the t.me 
as at the beginning. There was no transformation into bactena. 

1 Virchow's Arclviv. Bd. Is. , 
2 Traumatic infective diseases. .. 
A Transactions of the Royal Society of Edinburgh, vol. xxvn. IN.. 

1 figure three specimens to illustrate the same point, and in 
the note on the next page I give a table of the series of experi-
ments. 

The micrococci were obtained from a case of acute abscess 
in the groin. When this abscess was opened some of the pus 
was introduced into flasks containing meat and cucumber infu-
sions, but nothing developed. On the third day after it was 
opened, the dressing having been left on for two days, another 
flask of meat infusion was inoculated, and in this micrococci 
developed. From this flask were obtained the micrococci in 
the series of experiments tabulated below. They were culti-
vated for several weeks in a variety of fluids, but always remained 
micrococci of the same kind and with the same effects on the 
various fluids. 

Fig. 26 represents the discharge from the wound from 
which the micrococci were obtained, and is seen to contain 
micrococci alone. 

Fig. 27 is a drawing of a specimen taken from a flask of 
vitreous humour, the third in the series, and here we find only 
micrococci. 

Fig 28 is taken quite at the end of the series (from e 17, 
see note), after the organisms have grown in a variety of fluids 
(eighteen in all), and yet here we have only micrococci, and 
these are similar in appearance to the others. There was here 
no development of micrococci into anything else. (I may just 
call attention in passing to the proof of the efficiency of the 
method of experimentation afforded by these results, and also 
to the numerous arguments which can be drawn from them in 
favour of the views I am advocating.) 

Such are some of the facts which seem to me to show-
that micrococci are distinct from bacteria, and they are a 
sufficient answer to the question as to whether there is any-
thing special about the organisms found in wounds treated 
aseptically. 

It is only one well-defined class of organisms which enter 
wounds treated aseptically, while in other wounds all forms 
may be found. 

I will no:, here enter on the question of the effects of these 
micrococci nor will I stop to enquire why it is that no bad 



May 8th, abscess in groin, dressed after two days, contains micrococci. I 
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Lost from having allowed four days to elapse before inoculating again. 

In this list m = meat 
c = cucumber 
v = vitreous humour of sheep, 
e = fresh egg. 

am = alkalised meat infusion, 
hy = hydrocele fluid (very concentrated). 
M = micrococci present. 

. infusion. 

effects result from their presence. I shall content myself just 
now with the following remarks. 

It is certain that they do not came putrefaction, but they 
always cause a sort of sour, sweaty smell in fluids—a smell which 
can be recognised in whatever fluid they grow: in other words, 
they are associated with a peculiar fermentation. Now, the 
products of this fermentation are but little irritating. They 
have no acrid taste, nor do they feel pungent when applied to a 
cut surface. Hence, probably, it is that we find that wounds in 
which these organisms exist, even in large numbers, appear 
often unaffected by their presence. 

Nevertheless, they can hardly, under any circumstances, be 
indifferent, and I think I have observed that, in some cases, 
after they have got in, the wounds do not behave quite so 
typically as usual; i.e. there may be a trace of suppuration, or a 
sinus takes longer to heal than one had any reason to expect. 
Again, if they get into a wound containing a piece of dead bone— 
say, not yet loose—they will grow in its canals, produce their 
sour products, and irritate the parts in the vicinity ; and thus 
the bone, though not mechanically irritating, because not loose, 
nor yet chemically irritating if it is quite aseptic, does become 
somewhat irritating and loses its character of an innocuous dead 
piece which may be slowly removed by absorption by the neigh-
bouring tissues, and becomes a foreign body which must be 
thrown off. In such cases, then, it would be of great importance 
to exclude these micrococci if possible. 

An instance which, I believe, illustrates this,occurred recently 
in Mr. Lister's practice. We know that formerly, when hempen 
ligatures were used, they always came away. If, however, they 
are applied aseptically, they remain without causing suppura-
tion, as has been shown in Mr. Lister's cases. The wound heals 
over them, and they may indeed ultimately disappear. But 
here, as in the case of the dead bone, a necessary condition for 
obtaining this result is, that the ligatures be perfectly unirri-
tating. In the case I refer to, Mr. Lister excised the thyroid 
gland aseptically, having previously ligatured the vessels, some-
what after Watson's method, with strong hempen twine. The 
wound healed entirely by first intention, except where the drain 
was, and this also had almost healed by the tenth day. For 



some days previously, however, the dressing had been left 
unchanged, and about the tenth day the discharge, though still 
remaining in the main serous, increased in amount. This state 
of matters continued till one by one the ligatures came away. 
The ligatures, when examined, were found to have a distinctly 
sourish k mierococcal' smell and an acid reaction, and under the 
microscope their interstices were seen to be filled with micrococci. 
Here we have a perfectly aseptic course for the first few days 
till the time came when the dressings were left unchanged for 
several days—till, in fact, as we have seen, micrococci got in. 
When these organisms appeared they grew in the interstices of 
the thread, produced their acrid products, and the thread was no 
longer a substance which might become encapsuled or even dis-
appear by absorption, but it became an irritating foreign bodv, 
which had to be thrown off before healing could occur. 

In the same manner, if micrococci entered a healthy joint 
where we have a cavity containing nutritious fluid, rather 
in the conditions of fluid in a flask than in a cavity in the 
living body, I would hardly regard their presence with satis-
faction ; for I should fear that their products would not be 
altogether neutral to the sensitive synovial membrane, and 
might, at the very least, cause increased secretion and delay 
in healing. 

These facts are of themselves sufficient to indicate the 
advisability of taking all possible precautions to exclude these 
organisms. Dr. Ogston has recently assigned much more 
serious consequences to them, but the subject is at present too 
debateable to be suitable for discussion here. 

IV. Are organisms present or do fermentations occur in fluids 
or tissues in the living body which have never been exposed to 
atmospheric dust ? If they do so occur, how is their presence 
to be explained ? 

This question especially deals with the occurrence or not of 
organisms in the healthy living body. I need not enter at 
length into this question again; I have twice already touched 
011 the subject, I have described the experiments by which it 
has been shown that the blood, urine, and milk of healthy 
living animals contain no organisms, and possess no inherent 
tendency to undergo fermentative changes. Then I narrated, 

both at p. 45 and at p. 196, my experiments on the tissues of 
healthy living animals. I need not dilate further on this ques-
tion, but the conclusions to which we were forced were, that the 
blood and tissues of healthy living animals do not contain 
organisms or their spores, and have no inherent tendency to 
undergo fermentation. But it may be objected that these 
organs were removed from the living body and placed in flasks 
and that the conditions were not the same as if these tissues' 
had been retained in relation with the living body. Such an 
objection is of no value, because any difference in the condi-
tions is in favour of organisms in the flask experiments for 
the walls of the flask are neutral to their development, 
while healthy living tissues are powerful destroyers of bacteria 
This we shall see presently. In the meantime, I will now 
bring forward a piece of evidence which completely sets anV 
such objection at rest, I refer to what is known as the < ex-
périence du bistournage.'1 

This < bistournage ' consists in rupturing the spermatic cord 
subcutaneously by torsion. The testicle is thus separated from 
its nutntious vessels, and lies loose in its tunics which protect 
it from the access of the air. It adheres to the tunica vari-
e s , but the new circulation is insufficient; the testicle 
at o n e s and disappears. There are no accidents, because, as 
I fhh r f V 1 0 U s 1 ^ s h 0 ™ a n d ^all immediately see, the air 
with its dust—i.e. bacteria-does not get access to the dead 

M. Chauveau who is the author of these experiments, and 
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Several objections could be urged against the experiments, 
and are answered by Chauveau :—1 

' 1. Nothing proves that the bacteria in the fluid injected 
were the active agents. But the experiment repeated after 
careful filtration of the fluid by special filters—i.e. after removal 
of bacteria or their germs, remained without effect. 

' 2. Nothing proves that it was not the infective fever itself 
which caused the putrefaction of the organ. But of two rams 
injected with the same fluid and the same dose, putrefaction 
only occurred in the case where ' bistournage' had been practised. 
Still further, if in the same animal' bistournage ' is practised on 
the left testicle before injection, and on the right after injection, 
the right testicle is the only one which putrefies: a proof, 
evident and very ingenious, that it is indeed the penetration of 
the putrefactive germs into the organ which determines putre-
faction ; since the testicle which was separated from the general 
circulation before the injection remained indifferent, and did 
not undergo putrefaction, in spite of the infection of the whole 
body.' 

I have also referred to several similar well-known facts at 
p. 50 et seq., and Dr. Ogston has tested such fluids as extravasa-
tions of blood, hematoma, contents of pathological cysts, the 
fluids of the natural cavities of the body, &c., by means of 
Koch's method of staining, and he has failed to find any 
organisms. I have also referred to Meissner's recent facts. 

From all these considerations we may, I think, conclude that 
organisms are not present in the fluids or tissues of the healthy 
living body. 

Are organisms present in the body in states of disease ? (1 
leave out of account here the infective diseases.) If so, how is 
their presence to be explained ? 

If we investigate animals suffering from disease, we shall 
find that in certain cases organisms are present. What these 
exact conditions are I am not yet able to say, but I will indicate 
some of the cases. 

I have found that if an acute inflammatory process be in-
duced in an animal—say by the injection of ammonia sub-
cutaneously, as pointed out some years ago by Dr. Burdon-

1 Quoted from Jeannel. 

Sanderson, the organs examined by the method I have described 
may be found to contain organisms. 

I have in three instances produced ab scesses in rabbits by 
the injection of croton oil, and in one case 1 have found that 
the pus of the abscess contained micrococci and bacteria, though 
none were introduced at the time. In one of the others I 
found only a very few bacilli and in the third I found no 
organisms. I shall detail the experiments. 

Experiment 1, March 24th, 1881.—Pure croton oil was 
introduced into a tube. This was then sealed at both ends, 
placed in a sand bath, which was raised to a high temperature 
(about 270° F.), and maintained at that temperature for about 2 
hours. When it had cooled, one end of the tube was carefully 
opened in a spray of carbolic acid, and a pure syringe being 
rapidly introduced, some of the oil was sucked up, and at once, 
in the same spray, half a minim was injected into the dorsal 
muscles of a mouse. The skin of the mouse was very carefully 
purified beforehand, and care was taken not to allow any of the 
oil to escape along the needle track either in introducing or 
withdrawing the needle. The puncture was dried with a 
carbolised rag and then touched with collodion. 

A flask of meat infusion was inoculated from the oil at the 
same time. 

On March 25th (26 hours later) the animal was found 
dying, and was at once killed. Great care was taken, in remov-
ing the skin from the back, to avoid contamination of the 
deeper parts. The muscles at the seat of injection were found 
to be infiltrated with pus, but no trace of the needle track 
through the skin could be seen. On examining this pus after 
straining, it was found to contain large numbers of organisms, 
chiefly micrococci, but a few bacteria and bacilli could be seen. 

The meat infusion remained permanently pure. 
Experiment 2, April 12th, 1881.—A mixture of equal parts 

of croton oil and olive oil was purified and 3 minims injected 
mto the dorsal muscles of a large rabbit with the same pre-
cautions as in Experiment 1. A flask of meat infusion was 
inoculated with this mixture at the same time but nothing 
developed in it. 

On April 18th the animal was observed to be ill, and it was 



therefore killed. A considerable quantity of pus was found at 
the seat of injection. On examination of this pus I found 
numerous pus cells, but I have not been able to satisfy myself 
that there are any micrococci. A very few bacilli were pre-
sent. 

Experiment 3, April 20th, 1881.—2 minims of the croton 
oil mixture used in Experiment 2 were injected into the dorsal 
muscles of a large rabbit, with the usual precautions. 

On April 25th, though the animal was perfectly well, I 
killed it. On examining the seat of injection I found one or two 
very small cheesy spots (small abscesses). These consisted of 
pus cells and granular matter, but I have not been able to detect 
organisms of any kind. 

In each of the experiments the pus was stained with 
methyl violet, according to Koch's plan, and examined with 
Zeis's -fg-th oil or -Jg-th water immersion objectives. 

Again, I find that if the nutrition of an animal be pro-
foundly interfered with, as in slow poisoning by phosphorus, 
organisms may after some time be found in the blood and 
tissues. Here, it may be said, inflammation of the intestinal 
tract has been caused, and the epithelial barrier against the 
entrance of organisms has been removed. But the blood and 
tissues, when in a healthy state, have the power of themselves 
of destroying organisms when these are introduced into the 
body. Thus, if into the veins of four medium-sized rabbits I 
introduce f , and 1 c.cm. respectively, of fluid containing 
bacteria, keep the animals alive for at least twenty-four hours, 
then kill them and preserve their organs in the manner described, 
I shall probably find no organisms in the first three, while in the 
last they may or may not be present. Where larger quantities 
of the fluid have been introduced, they will certainly be found. 
Thus, even though the organisms could gain access to the 
blood, yet so long as the nutrition of the animal is fairly well 
carried out, they would be destroyed.1 The reason that they 
are found where large quantities of bacterial fluid are injected 
seems to me to be that, along with the bacteria, their products 

1 Similar facts have been made out by Traube and Gscheidlen. See a 
paper by these authors. ' Ueber Faulniss und den Widerstand der lebenduii 
Organismen gegen dieselbe,' Berlin. Klin. Wocltenschrift, No. 37. 

are introduced, that these act in the same way as phosphorus, as 
poisons, and that thus the resisting power of the animal is 
diminished. 

The conclusion which I would draw from these facts is, that 
in severe inflammatory processes, or in great interference with 
the nutrition of an animal, organisms may pass into the blood 
without losing their vitality. The organisms usually found are 
micrococci. 

I have examined a large number of abscesses, in man, when 
opened. At first I only used cultivating experiments, and 
this paragraph gives the result of these. In chronic abscesses 
I have not as yet found any organisms, and in this my results 
agree with those obtained by Billroth by microscopical examina-
tion alone. Of acute abscesses I had up till May 1879 inocu-
lated from thirty-two cases. In twenty-five of these no growth 
of organisms occurred, while from six micrococci were obtained. 
In no case did I get bacteria (I omit here one abscess in the 
ischiorectal fossa, where I found both bacteria and micrococci; 
and one with fecal odour in the lumbar region, from which I 
did not inoculate when opened, but in which undoubted 
bacteria were seen on microscopical examination). 

Professor Billroth has paid special attention to this subject, 
and he has found organisms in a larger proportion of acute 
abscesses than I have done. Professor Billroth likewise only 
mentions the occurrence of micrococci. In acute osteomyelitis, 
where a communication had not yet been established with the 
external air, organisms have been found in the medullary canal 
or in the pus surrounding the bone by Von Recklinghausen,1 

Klebs,2 Eberth,3 and Godlee,' These organisms were as a rule 
micrococci ; bacteria have but very rarely been present. 

In 1880 Dr. Ogston,5 of Aberdeen, published an elaborate 
and careful research on the relation of micrococci to abscesses. 
In examining pus and discharges for organisms he made use of 
Koch's method, before described. In the first place, he found, 
as I had done, that micrococci were not present in chronic 

1 Deutsche Zeitschrift, Bd. iv. p. 239. 
2 Ueber Schusmunden, 1871. 
3 Virchow's Archiv, Bd. lxvi p. 341. 
1 lancet, November 21, 1874. 
5 Published in Langenbeck's Archiv, Bd. xxv. Heft 3. 



abscesses. In acute abscesses, however, he states that these 
organisms are always present. This fact, obtained by staining 
the pus, differs, as will be seen, from my cultivation results, and 
agrees more with Billroth's results from simple microscopical 
examination. 

Since this statement was made I have examined a number 
of abscesses by staining the pus obtained when they were 
opened, and I now quite agree with Dr. Ogston. Organisms 
are always absent from chronic abscesses. Micrococci are 
always present in acute abscesses. 

Fig. 29 (Plate IV.) is a specimen taken from a chronic 
abscess over the sternum. It contains no organisms. 

Figs. 30 and 31 are taken from acute abscesses—one of the 
mamma, and the other of the finger. These contain micrococci. 

In one case of abscess in the neck, which had been forming 
for about three weeks, I could find no organisms. The skin was 
red over it, and I have entered it in my notes as an acute 
abscess. In another case, which I have also in my notes as an 
acute abscess, no organisms were found. This was a case of 
small abscess in the thigh, in a situation where diseased bone 
had formerly existed. The patient positively asserted that the 
abscess had only been forming for fourteen clays, but it is of 
course quite possible that it had existed longer, and had only 
begun to point for fourteen days. Nevertheless the man's 
positive assertion—for I questioned him again after I saw that 
no organisms were present—the redness of the skin, the well-
formed pus cells, and the absence of fatty debris make it 
difficult to assert that this was a chronic abscess. 

Notwithstanding those two doubtful cases, I am ready to 
accept Ogston's statement and to receive it as a law, that if 
the pus taken from an acute abscess when opened be examined 
after staining, micrococci will always be found. 

How, then, are my former results to be explained? Bv 
cultivation, from thirty-two cases of acute abscesses I only got 
micrococci in seven instances, and yet we now know that had i 
stained the pus I should in all probability have found micrococci 
in all. 

Well, in my recent investigation I not only stained the pus, 
but tried cultivation experiments, and I got much the same 

results as formerly: in some cases micrococci grew, in others I 
got nothing. It seems, as far as I can judge from my facts 
that if the abscess is opened soon ai-ter its commencement 
micrococci almost always develop. If, however, ten days or 
a fortnight or more elapse, these organisms do not as a" rule 
grow. Why is this ? Simply, I believe, because the organisms 
have died. 

I made out early in this investigation, and have often con-
firmed it since—sometimes, indeed, to my great inconvenience 
—that micrococci very soon exhaust the nutritive material in a 
fluid, and that they then fall to the bottom and die, for they 
will not grow in any fluid nor increase on the addition of fresh 
nutriment. In a flask containing say an ounce of cucumber 
or meat infusion, the micrococci grow rapidly, but they do not 
live more than three days. Then they fall to the bottom, and 
the fluid at the top becomes clear and remains so permanently 
Take a drop from the flask during the first three days and put 
it into another specimen of pure cultivating liquid, and micro-
cocci develop readily. After the third day or later, in pro-
portion to the amount of the fluid, no development occurs 
whatever one does. The organisms are dead. And so in an 
abscess they live as long as they find nutriment, and then they 
die and cannot be obtained on attempting cultivation, though 
they may still be seen on microscopical examination. 

Ogston relates similar facts, though he apparently does not 
attach this meaning to them. He remarks that when micro-
cocci are cultivated in flasks containing such fluids as urine 
ascitic, ovarian or hydrocele fluid, blood, &c., the fluid at the 
surface remains for months clear, while a slight deposit, which 
consists of micrococci, is present at the bottom. He concludes 
Hat the micrococci are growing away from the air, and that 

therefore they are anaerobes. This is not the case, for micro-
cocci grow with greater rapidity and luxuriance in pure oxwen 
than under any other circumstances which I have yet tried, 
ine truth I believe, is, that these organisms were at first not 
qmte dead, but had very little vigour and soon ceased to grow 
and died. They were not growing away from the air. 

h e ™ r T ] t i V a t i 0 n f r 0 m a b s c e s s e s C o n f i r m mine, for 
: 0 f t e n t h e micrococci grew luxuriantly, sometimes in 



chains and sometimes in groups, but oftener the experiments 
were unsatisfactory, and it indeed happened that the micrococci 
which were introduced died altogether.' Now had Ogston put 
these two facts together, and had he worked for long with 
cultivation, he would, I venture to think, conclude as I do, that 
the micrococci which are found in abscesses, but which will not 
develop in the cultivating fluid, are already dead in the abscess 
arid do not die only on removal from it. 

The following fact may be mentioned as bearing out this 
view:— 

Fig. 32 (Plate IV.) was taken from a case of acute abscess 
in the groin, which was opened on April 29th. A number of 
streptococci will be seen. Nevertheless, a flask of meat and 
one of cucumber inoculated at the same time remained quite 
barren. A specimen was taken from the same case at the next 
dressing, April 30th. There was plenty of discharge in the 
drainage tube, but this contained almost no organisms. Had 
the organisms been alive on the 29th, they would probably 
have been as numerous, if not more so, in the interior of the 
drainage tube on the 30th. 

So far, then, I conclude, that though micrococci are always 
present in acute abscesses, yet if the abscesses be not opened for 
some time, these organisms will be found to have died. I shall 
not enter here into the question of the relation between 
these organisms and the abscesses in which they are found. 
The facts are sufficient for my present purpose. 

It thus seems, that in certain states of low vitality and in 
acute inflammations, organisms may be present in the blood 
and tissues of animals. These organisms are generally micro-
cocci. 

V. How do organisms get into wounds treated aseptically? 
There are three possible explanations which might be offered :—' 
1. They come from the blood. 2. They arise spontaneously in 
the wound. 3. They come from without through some insuffi-
ciency in the aseptic method. 

1 . They come from the blood. We have already s een that 
organisms are not present in the blood or tissues of the healthy 
living animal, but that they may occur in low or inflammatory 
states. But a person on whom an operation has been performed 

aseptically is, after the effects of the chloroform have passed off 
and provided that there has been no great loss of blood practi' 
cally as well as before the operation. There is no inflammation 
and no febrile disturbance-the patient, as far as one can 
judge, ought to be as able to resist the entrance of organisms 
into his blood as before the operation. 

If, however, these micrococci did enter the wound from 
within, they would do so during the first few days after the 
operation; but if we look at the cases described, and the same 
thing can always be found, we see that these organisms do not 
as a rule, enter for several days after an operation-not till the 
dressings are but infrequently changed. 

In the case of acute abscesses opened early, and in which 
the micrococci are still alive, they of course exist from the 
first; and so they may occur if for any reason acute inflam-
mation attacks a wound. But that this is their mode of en-
trance m ordinary cases is against all the evidence 
, . . V " ^» spontaneous generation. We have discussed that 

2 T h f f 1 V a t r ^ t h a t 1 n e 6 d n 0 t it agam. The facts with regard to the absence of organisms 
under certain circumstances and the constant presenfe of a 
articular form when they do occur, together with the po nts 
0 be preSentty mentioned, sufficiently do away with any uece 

2 for considering a view which can only be thought of where 
other and more natural modes of origin cannot be L e d . 

• We must then search for some mode in which thev 
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' m fact, is the method which I formerly employed when I 
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wished to draw moving bacteria with the aid of the camera 
lucida.1 

That the spray is sufficient has already been shown by a 
number of experiments described at p. 26 et seq. (see also the 
case of empyema, p. 237). 

An attempt has been lately made by Dr. Lewis Stimson2 to 
show that the spray does not act as a germicide, and as his 
results have been extensively quoted, I must briefly notice 
them here. Three tubes were filled with urine, boiled, and 
allowed to cool in the spray and then exposed in it for an "hour 
and a half, the floor being swept to raise the dust. The tubes 
were then closed with plugs of cotton-wool wet with alcohol. 
Particles of dust were seen to be caught on the edge of the 
tube, and a purified glass rod was used to push them into the 
fluid. In one tube in which this was done bacteria developed. 
In another case the tube was tilted so as to bring the fluid in 
contact with the neck, and here also development occurred. 
The third tube was undisturbed and remained pure. In 
another set of experiments wide-mouthed beakers were used, 
and were exposed for three-quarters of an hour. In all of 
these organisms developed. Test experiments showed that 
these organisms had entered during the exposure. 

These experiments do not, however, seem to be satisfactory. 
We are told in the first case that the spray was placed a foot 
above and feet distant from the tubes, and that fifteen 
ounces of carbolic lotion, 1-20, were used. During half the 
time a board was placed so as to throw the spray back over the 
flasks. Now if the flasks were only beneath the spray, a foot 
distant from it, during half the period of exposure—the result 
cannot be wondered at, for edclies would be produced by the 
spray which would drive unpurified dust into the vessels. If, 
however, the spray passed directly over the mouths of the flasks 

if these were enveloped by it—it is difficult to conceive that 
the s p r a y could have played for so long at such a close dis-

i Dr. Koch has found that the spores of Bacillus Anthracis can resist 1-20 
watery solution of carbolic acid for a considerable time, though the fully de-
veloped organisms are at once destroyed by it. Micrococci, however, are very 
susceptible to the action of this antiseptic. 

- Shown to the New York Surgical Society, November 25, 1879. 
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tance, and that so much lotion could be used without the 
entrance into the urine of a quantity of carbolic acid more than 
sufficient to render it sterile. But granting that the method 
is correct in these respects, Stimson sweeps the floor, raises 
large masses of clust which he can see, and expects that as 
these fall through the spray they will be soaked through and 
through, and any organisms in their interior be destroyed ! It 
never has been asserted that a mass of filth falling through a 
spray can be soaked completely in a moment by the acid. We 
do not sweep the floors while performing a surgical opera-
tion. 

All that I assert is, that under ordinary circumstances the 
spray is thoroughly efficient. From this point of view it is in 
the mam a question of size of the particles which the spra v meets 
with If these are minute and but little compact, they will be 
disinfected. If they are large and dense, as will be the case if 
the floor be swept during or immediately before the experiment, 
one could not expect the spray to soak through them sufficiently 
during their transit. There is another way, however, in which 
he spray may act on these larger particles-viz. by bedewing 

t sur ace of the wound, and thus keeping up the action on 
the dust which began during its transit through the spray. In 

t h r L ^ l P 1 d U S t a l r e a d ^ m 0 i s t e n e d ^ i l e passing 
ough the spray falls into a thin layer of carbolic lotion, and 

Z S 18 completed. As a rule, however, particles of 
thea r 6 n 0 U g h a n d H g h t en°U8"h t 0 float ^ o u t in 
» T P a ? c l e S a s P ^ e n t in ordinary rooms 
suffi lt ; ' 38 1 c a n iUf%e> be acted on directly in a 
S X t T ^ l T 1 1 6 f ° r t h ^ m " 0 t * * straight 
ned w t ' , I f ^ w i t h * being mofst-ened with carbolic acid, and thus time is afforded for the 

Z f o i l T ° f ' t h r t i ? t i C ^ * * ^ wounxh these organisms got m through fault of the spray, we can 

must tlieref1'16 ^ * * ^ ^ be m i c i U ci. W 
! 1 ' G S a m m e t h e a c «on of the dressing in order to 

. « 1 any explanation can be obtained there. We s h ^ e e 

o m ' o T t h a t t h C S e ° r g a n i s m s d o <» - c o u n t of 
of the dressing to fulfil all requirements for a lengthened 



As I have already shown, it is generally at a late period in 
the treatment of a case that these organisms appear; generally 
where the dressings have been left on for several days; or 
where the discharge has reached the edge some hours before 
changing i t ; or, if they occur early, it is when the discharge 
which has come through has been considerable, although the 
dressing has been changed early; and thus I have been able m 
some cases to prevent the entrance of these organisms by 
changing the dressings daily, and, conversely, they are easily 
enough obtained in any given case simply by dressing it less 
frequently. This will be readily seen from the cases quoted 
before. . • 

If such a fluid as milk be tested with the view of deter-
mining the amount of carbolic acid which must be added in 
order to prevent the development of organisms, it will be found 
that a large quantity is necessary. Thus, they readily develop 
in a proportion of carbolic acid and milk, 1-60, and I have 
grown them in as large a proportion as 1-54. On examining 
the milk while the carbolic acid is being added, a granular pre-
cipitate will be seen to take place. In the same way, if car-
bolic acid is added to serum or white of egg, a white precipitate 
occurs, and here also a large proportion of carbolic acid is 
necessary to prevent development. In artificial cultivating 
liquids-—such as Pasteur's fluid—no precipitate takes place, and 
a much smaller quantity of carbolic acid is required to hinder 
the growth of organisms. In other words, where carbolic acid 
is added to an albuminous fluid, a compound is formed which is 
but little antiseptic. So in the case of the antiseptic dressings, 
where there is profuse discharge—though the first which comes 
through may not be putrescible, yet very soon the carbolic acid 
is not present in sufficient quantity to prevent the development 
of organisms; and, as carbolic acid is very volatile, when a 
dressing is left on for several days, a considerable amount oi 
carbolic acid will have also escaped by evaporation, and thus tiie 
meaning of the following rules of treatment, derived f r o m ex-
perience, becomes evident: < A dressing must not be too smai. 
< The dressing must not be left on longer than twenty-four » 
after the discharge has appeared at the edge.' ' In no case is 
safe to leave a dressing unchanged for more than eigiit , • 

Experience has shown that any marked disregard of these rules 
will, in all probability, be followed by putrefaction in the 
wound. 

But this still leaves unexplained why it is that micrococci 
only are found in wounds treated aseptically. At first the only 
hypothesis which I could think of was that micrococci can grow 
in fluids containing carbolic acid in larger quantity than those 
in which bacteria can develop. I have accordingly performed 
numerous and elaborate experiments to test this view, but I 
have been quite unable to find any such difference in the first 
instance. An observation which I made in the course of these 
experiments seems, however, to furnish the clue to the mystery. 
I had previously observed that where one flask was inoculated 
with bacteria and another with micrococci in like amount, that 
which contained the bacteria was, as a rule, muddy in from twelve 
to twenty hours (the quantity of fluid in each flask being siij to 
3iv), while thirty to fifty hours elapsed before the fluid in the flask 
into which the micrococci had been introduced became opaque. 
But if carbolic acid, say in the proportion of 1 to 500, be pre-
viously added to this fluid, the result is just the reverse : the 
flask containing the micrococci becomes opaque in twenty-four 
hours, while that containing the bacteria does not become muddy 
till a later period. Following out this line of investigation, I 
have found that if micrococci and bacteria be introduced together 
into a cultivating fluid containing carbolic acid, the micrococci 
will develop rapidly, often to the complete exclusion of the 
bacteria. Where no carbolic acid is present, the result is 
generally the reverse ; most forms of bacteria grow quickly, the 
micrococci being often apparently prevented from developing. 
But, it may be said, in the former case the bacteria became con-
verted into micrococci. But if the same bacteria be introduced 
into a flask containing no micrococci, bacteria alone develop. 

So in the room in which I work, I have never been able, 
without the aid of the spray, to transfer micrococci from one 
flask to another. For in the latter flask bacteria almost in-
variably developed. But if carbolic acid be previously present 
m the fluid, the operation may be done in the most leisurely 
manner, with practically a certainty of obtaining micrococci 
alone or chiefly, in the second flask. 



It is thus apparent that though bacteria and microeocc can 
grow in fluids containing like amounts of carbolic acid, yet the 
micrococci find these liquids more suitable for their growth 
than do bacteria ; indeed, they may grow more rapidly in them 
than in fluids containing no carbolic acid at all, and therefore, 
when bacteria and micrococci fall together into discharge con-
taining carbolic acid, the latter develop with much greater 
rapidity than the former, and may thus reach the wound long 
before them. If, however, sufficient time be allowed to elapse 
before the changing of the dressing, bacteria also may enter the 
wound. 

One other observation completes this subject. The largest 
proportion of carbolic acid in cucumber infusion in which 
organisms develop is from 1-450 to 1-500. In one of the 
last experiments performed with the view of seeing whether 
micrococci could grow in a larger proportion of carbolic acid 
than that sufficient to prevent the development of bacteria, I 
used micrococci which were growing in a fluid in which a small 
quantity of carbolic acid was already present. This was done 
on April 14th. On examining the flasks on April loth, I found 
one containing carbolic acid in the proportion of 1-400 quite 
opaque from the development in it of micrococci, while those in 
which a larger proportion of carbolic acid was present remained 
clear. On the same day I inoculated from flask 1-400 a new 
series containing carbolic acid in the following proportions: 
C 1-400, C 1-350, C 1-300, C 1-250. On April 16th, C 1-350 
and C 1-400 were quite muddy from the presence of micrococci; 
while C 1-300 and C 1-250 were clear. That afternoon, afresh 
series, C' 1-350, C' 1-300, C' 1-250, C 1-200, was inoculated 
from C 1-350. On April 17th, C 1-300 and C' 1-350 were 
muddy. Here the limit seems to have been reached. For 
though I have obtained slight development in carbolic acid 
and cucumber 1-275 and 1-250, this is not vigorous. As the 
micrococci grow in larger proportions of carbolic acid, they 
become much larger, and the grouping and mode of growth 
described by Mr. Lister are more evident. 

The facts then seem to be that the discharge, when profuse, 
or when it arrives at the edge of a dressing which has been left 
on for some days, does not, contain sufficient carbolic acid to 

prevent the development of organisms in i t ; that micrococci, 
which I find to be more abundant in the ward atmosphere 
than bacteria, find this a particularly favourable medium for 
growth; and that as they grow they increase in vigour, and 
become more able to live in fluids containing a larger propor-
tion of carbolic acid, and thus, if time be given them, they will 
eventually reach the wound. 

Since these investigations were made, I have been able to 
demonstrate the spread inwards of organisms under a gauze 
dressing. Look for a moment at Case 12, p. 241. A specimen 
of the discharge was taken on March 31st, from the gauze 
dressing near the edge, and was found to contain micrococci 
and bacteria. No organisms had, however, as yet reached the 
wound (see Fig. 18, Plate III.). This dressing was removed, a 
new dressing applied, and the organisms had to begin again 
at the edge. Fig. 19, taken from the dressing near its edge, 
and Fig. 20, taken from the drainage tube four days later, 
illustrate the same thing. Here also the organisms were pene-
trating inwards under the dressing, but had not yet reached 
the wound, and it was not till two days later that the first 
traces of micrococci appeared in the wound. 

The same thing is demonstrated in Case 13, p. 242. Here 
Fig. 21, Plate III. is a specimen taken from the gauze near the 
wound, and it contains a few micrococci: they had not, how-
ever, reached the wound, and did not do so till some days later. 

Then, again, I have been able to keep out these organisms 
simply by dressing more frequently so as to anticipate them 
before they reach the wound, as may be seen in the case of 
empyema, &c. And Dr. Ogston does not find micrococci in his 
aseptic cases, because he dresses much more frequently than 
Mr. Lister, never allowing the discharge to appear at the edge 
of the dressing at all. 

It will not, however, be always necessary that the discharge 
should appear at the edge, for if a dressing be left on for several 
days sweat accumulates under it, and will serve the same pur-
pose as the serous discharge in conducting organisms inwards. 

At the same time it is possible that organisms may oc-
casionally enter the wound from the blood, especially in the 
conditions of interference with the healthy state which were 



formerly alluded to; and it is also possible that they may enter 
from fault in the aseptic precautions, though I think this must 
be exceedingly rare. For it is difficult to imagine that in the 
latter case only micrococci would get in; indeed, in faulty ex-
periments with cultivating fluids, it is almost invariably some 
form of rod-shaped organism which appears. 

« 

CHAPTER XIIT, 

A N T I S E P T I C S U R G E R Y . 

Complete definition of antiseptic surgery. Varieties of antiseptic surgery. 
TREATMENT BY ANTISEPTICS : Carbolic acid—objections to i t : Chloride 
of zinc: Boracic acid: Sulphurous acid: Chlorinated Soda: Alcohol — 
Hutchinson's method : Terebene and Sanitas—Bilguer's method—Neu-
d5rfer's sa l i cy l i c p o w d e r . F R E E DRAINAGE AS AN ANTISEPTIC METHOD. 
IRRIGATION ANO IMMERSION. OPEN METHOD: M o d e s in w h i c h i t a c t s 
antiseptically: Bartscher and Vezin's method: Burow's method: Rose's 
modification. HEALING BY SCABBING: Methods of forming A crust: 
Bouisson's ventilation method: other modes. GDERIN'S COTTON-WOOL 
DRESSING. MODES IN WHICH THE DESTRUCTIVE ACTION OF THE 
TISSUES ON BACTERIA IS ASSISTED. Why does not fermentation always 
occur in the blood in wounds in which organisms are present ? Best 
practical methods. Conclusions. 

WE have now arrived at the end of our discussion as to what 
are the particles which cause putrefaction ; what are the exact 
enemies with which we have to contend in attempting to 
prevent putrefaction. We have seen that it is from particles 
tailing into fluids or on tissues that organisms develop. We 
have seen that it is only after the access of particles from the 
outer world to such fluids and tissues that fermentations occur, 
and we have satisfactorily demonstrated that the particles 
which cause fermentations and those which give rise to organ-
isms, are one and the same—in other words, fermentations are 
due to the growth of organisms in fluids or tissues. We have 
also seen that these same laws, with one exception, to be pre-
sently mentioned, hold good when the fluids or tissues are con-
fined in the living body, just as when they are in flasks, viz., 
that the particles which cause putrefaction and other fermenta-
tions only rarely enter such substances through the circulation, 
but generally reach them directly from the air or from sur-
rounding objects; that so long as an animal is healthy, dead 
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fluids or tissues may remain unferinented in closed cavities in 
the body, and may even entirely disappear, but that as soon as 
atmospheric air with its dust is admitted, organisms develop, 
and fermentations occur. We are now therefore able to take a 
much wider view of the meaning of the term ' Antiseptic Sur-
gery ' than is generally done. It is no longer surgery which 
only excludes the causes of putrefaction ; we may now include 
under the term all those methods of wound treatment in 
which, wittingly or othemvise, the growth and fermentatm 
action of the lower forms of organisms (bacteria) are more or 
less impeded. 

When we come to look at the numerous methods of wound 
treatment from this point of view, we shall see that there is 
perhaps none at present employed, with the exception of the 
poultice dressing so much lauded by Mr. Savory, which does 
not in some way or other, however imperfectly, interfere with 
the growth and fermentative action of bacteria, and which does 
not owe its chief virtues to that cause. 

I shall not enter into details on all these methods, for their 
number is legion, but I shall discuss the modes in which this 
interference with bacteric action may be carried out under 
several headings, and indicate briefly the principles which 
ought to guide the surgeon in carrying out one or other 
method. 

The antiseptic methods which merely interfere with the 
development and fermentative action of organisms on the fluid? 
and tissues in wounds, and which do not aim at their total ex-
clusion, may act- on various principles. 

1. By the addition of various antiseptics to the discharge, 
either in the wound, or after it flows out, this discharge maybe 
rendered an unfit soil for the development of organisms.—Use 
of antiseptics. 

2. The discharge may be allowed to flow away so rapidly as 
not to have time to undergo fermentation to any extent in the 
wound itself.—Free drainage. 

3. This removal of the discharge may be facilitated by 
washing it away constantly with water alone, or with water 
containing antiseptics.—Treatment by irrigation or by watd 
bath. 

4. By freely exposing the discharge to air evaporation 
takes place, and the fluid becomes too concentrated to permit 
the growth of bacteria, while, at the sam< time, by supplying 
these organisms with plenty of oxygen, they have no necessity 
to break up the albuminous compounds in their search for 
oxygen, and thus, as shown by Pasteur, their fermenting power 
is diminished.—Open treatment. 

5. By keeping the parts at perfect rest and by operating 
only when the patient is in good health, the tissues and the 
blood are in such a state as to resist the development of bacteria 
in the thin layer of lymph between the cut surfaces, and 
union by first intention thus occurs. This is best carried out 
by perfect rest and accurate apposition of the cut surfaces. 

Healing by scabbing acts on the last two principles. 
Although these various methods may be described as acting 

on these different principles, yet there is no hard and fast line 
between one and the other. Indeed, at the present day advan-
tage is now constantly gained from the use of the various 
principles combined—as, for instance, by the employment of 
free drainage, antiseptic irrigation, &c., in the open method. 
As these methods are so very numerous, and as they are gene-
rally modified by every surgeon who employs them, few indeed 
using them on the true principle, I think it will be best 
merely to make a few remarks under each heading, and then 
when we come to the historical part we shall be able to fill up 
blanks in the following description. 

I.—Methods by which various Antiseptics are added to the 
Discharge, so as to hinder the Development of Organisms 
in it. 

What are the best antiseptics to use for this purpose ? 
Carbolic acid is the one most frequently employed, but, in 

my opinion, it is by no means the best in this instance. We 
have already seen that in vegetable infusions, where carbolic 
acid is present in the proportions of 1-200 to 1-250 all further 
growth of organisms is prevented, but that in such fluids as 
serum, milk, pus, &c., the acid forms a compound with the 
albumen, and a much larger proportion is required. Thus, in 
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milk, carbolic acid in the proportion of 1-54 is just enough 
to prevent development. In accordance with this fact, a very 
strong solution would be required in the case of wounds, or it 
must be added in large quantities, in order to prevent the 
development of micro-organisms. 

And so my own experience of carbolic acid as a disinfectant 
in the form of a 1-40 watery solution in putrid cases is un-
favourable, while, on the other hand, if 1-20 carbolic acid be 
used, it is very irritating, and interferes with healing. In-
jected once or twice a day, the latter destroys the superficial 
granulation cells, and produces a thin slough in which bacteria 
develop, and from which it is very difficult to dislodge them. 
Then its poisonous qualities are objectionable, and are of 
course much more evident when the acid is injected into 
wounds or abscess cavities than when used in the manner de-
scribed in the chapters on aseptic surgery. 

Further, Dr. Wilhelm Hack,1 in a paper on the power of 
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treated with carbolic acid possess many of the qualities of a 
recent wound as regards absorption. For instance, apomorphia, 
which was only absorbed by wounds treated with water dressing 
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by granulating wounds treated with carbolic acid; and therefore 
in the absence of information to the contrary, I should fear 
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unless it is used aseptically. 

Chloride of zinc applied to the cut surface has been already 
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plete. It is further useful, according to Hack's experiments, 
in that the slough caused by it does not permit the absorption 
of substances from the wound. When used in the treatment 
of wounds, a dilute solution (1 or 2 grs. to the ounce of water) 
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Boracic acid is too weak an antiseptic to be of much service 

' a 1879 
1 Ueber das Eesorptionsvermogen granulirender Flachen. L ip&ig, 
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as an injection, but the boracic ointment and the boracic lint 
act well as dressings. 

One of the best antiseptic lotions is made with sulphurous 
add. This is a powerful germicide. It is also non-irritating 
and perfectly free from any poisonous qualities. It is used as 
a solution which is made by mixing together equal parts of 
the sulphurous acid of the pharmacopoeia and water or glycerine. 
This may be still further diluted if necessary. 

The chlorinated soda solution is mentioned by Dr. Cabot as 
standing next to 1-20 carbolic lotion in rapidity of action on 
bacteria. The strength generally employed is gss. to Jj of 
water. 

Alcohol is not a bad antiseptic, but in order to be effectual, 
it must be used strong. It has a further advantage, for Dr. 
Hack has shown that granulations treated with alcohol do 
not absorb at all or only very slightly ; and to this may be 
attributed, to some extent, the favourable course of the cases 
in which wounds are simply washed out with an alcoholic solu-
tion, and a rag, dipped in the same solution, applied outside. 

Mr. Jonathan Hutchinson, more especially, has had remark-
ably good results from the use of alcohol. His method is as 
follows ¡-Having carefully arrested all hemorrhage, chiefly by 
torsion, he washes out the wound with pure spirit. He then 
carefully arranges drainage tubes at the most dependent parts, 
and stitches up the rest of the wound. Thin compresses soaked 
m a lotion composed of 6 parts of absolute alcohol, a half part 
of liquor plumbi, and 16 parts of distilled water, are now ap-
plied. These compresses are kept constantly moist, either by 
a nurse or by means of a drop irrigator. The lint is changed 

•y- / n t h e treatment of important cases, such as com-
pound fractures and dislocations the rule observed is, never to 
allow the skin to become warmer than natural. His wounds 

infrequent 1 ^ ^ i n t e n t i ° n ' a n d s e P t i c Poisoning is very 

f t h e s e c a s e s "o doubt the wound may be aseptic 
om first to last. To apply an antiseptic to a wound, to stitch 

up immediately, and then keep an antiseptic dressing cou-
r t l y applied, is really to operate more or less aseptically, 
n(i 1 b e U e v e ' w i t h ^gard to Mr. Hutchinson's cases, that this 



partly explains the good results—the wound being aseptic, at 
least for a time. Then Hack's results have a strong bearing 
on these cases, for absorption does not take place readily. 
Mr. Hutchinson is also very particular to have free drainage O ' 
which powerfully helps to maintain the aseptic condition; 
and lastly, he carefully selects the cases for operation, only 
operating, unless in cases of necessity, where the patient 
is in good health. This selection of cases is a thing not 
necessary and not done-where complete aseptic treatment is 
employed. 

The method which I should think was the best, acting on 
this principle, is the following; it is practically what Mr. 
Lister employs with excellent results, only I would reject the 
carbolic acid. After the wound has been made, and before any 
stitches are inserted, the raw surface ought to be thoroughly 
sponged over with chloride of zinc solution (4,0 grs. to the oz. 
of water). In the case of operations on the extremities, this 
is best done before the tourniquet is relaxed, so as to ensure its 
thorough application, for otherwise the blood would wash away 
the solution or dilute it before it has had time to act. Silver 
wire stitches are then inserted—special care being taken to en-
sure free drainage, by the use of large drainage tubes. As a 
dressing in the first instance, till the bleeding has stopped, 
several layers of wet boracic lint (wet in boracic lotion) are 
applied. 

On the day following the operation, the lint is removed, the 
surface of the wound is thoroughly cleaned with sulphurous 
acid or chlorinated soda lotions, or with Hutchinson's lotion, 
and the drainage tubes are washed out with the same, though 
not removed. The dressing is now a narrow strip of the sali-
cylic, eucalyptus or full strength boracic ointments, thinly but 
evenly spread on calico, and outside this, overlapping it in al! 
directions, one or more broad layers of boracic lint. 

On the second or third day, the drainage tube is removed, 
and is washed in 1-20 carbolic lotion, the wound being then 
syringed out with the sulphurous acid or other lotion. After a 
day or two the ointment over the line of incision is changed to 
the half-strength boracic, or if salicylic or eucalyptus ointment 
was used, they are retained. These dressings are changed daily 

at first, but when the discharge diminishes, they may be left 
for two days. 

Terebene and sanitas are remarkably good applications 
where the smell is bad. 

The results of this treatment are of course not so perfect as 
those of the aseptic method, for, however carefully one washes 
out the wound, there are pouches in it into which the fluid does 
not enter, and pieces of slough cannot of course be disinfected. 

- Thus, prolonged suppurations may occur, caries may continue 
without tendency to cure, and even accidental wound diseases 
(pya?mia, &c.) attack the patient. 

With regard to the use of chloride of zinc, I ought to say 
that it is well not to apply it to wounds which must, if pos-
sible, heal by first intention, as, for instance, in incisions about 
the lips or face. 

It was on this principle, as we shall see, that Lemaire em-
ployed carbolic acid and coal tar; and his results, though very 
good, by no means correspond to those obtained by strict aseptic 
treatment. 

It was also on this principle that good results followed the 
use of balsams of various kinds in olden times. The most re-
markable example of the success of such attempts at rendering 
the wound secretions incapable of putrefaction by the use of 
balsams, was that of Bilguer in the last century. No doubt 
where the wound is shallow, and .possesses few recesses, and 

r e t h e b a l s a m o r other antiseptic employed fills up these 
recesses, we have really an aseptic treatment and an aseptic 

Bŷ  sprinkling powdered salicylic acid on wounds till no 
S t t losses out, Neudorfer manufactures a paste under 

,Ch h e *** t h a t h e a l l ° g m a J occur without suppuration. 

II. On Free Drainage as an Antiseptic Method. 
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of a wound from which organisms are not from the first excluder! 
is therefore of the utmost importance. I have already de-
scribed the use of india-rubber tubes, and I have referred to 
catgut and horse-hair. Since, in a wound not treated asepti-
cally, fermentation, most probably followed by suppuration 
generally occurs in the track of the drain, we must provide such 
a drain as shall permit the free escape of pus. Now, neither 
horse-hair nor catgut can drain pus, and, therefore, a tube of 
some kind or other must be used. This may be an india-
rubber one, or it may be made of various kinds of metal, per-
forated at its sides, and cut flush with the surface. The tube, 
of whatever material, must be removed from the wound at each 
dressing and washed with a strong antiseptic lotion, say 1-20 
carbolic lotion. If this be not done, portions of decomposing 
tissue, &c., remain inside the wound, and become more and 
more putrid till very soon they become caustic. 

Where the wound is not treated aseptically, the principle of 
having the most dependent opening possible must be carried 
out to the full. 

III. Irrigation and Immersion. 

The principle of free drainage is never of course used alone, 
other principles act along with it. Of these, one of the most 
satisfactory is that in which the discharge is not merely allowed 
to flow away, but is washed away, and the further addition to this 
principle of adding an antiseptic to the water used for the irri-
gation and of thus keeping the wound constantly bathed in an 
antiseptic fluid. The latter is the form in which irrigation and 
the water bath are now always employed, viz., by the use of an 
antiseptic solution. 

Irrigation is, as a rule, only practicable on the extremities, 
though it may be carried out on the trunk. For the latter, 
however, the continuous water bath is the most convenient. 

The wounded part having been arranged at perfect rest, a 
sheet of mackintosh is fastened to the limb, and so arranged 
that the fluid flowing from the wound shall be conducted to a 
tub; the vessel containing the fluid is fixed at a considerably 
higher level than the patient. The form of irrigator most 

generally used at the present time is Esmarch's. This consists 
of a cylindrical leaden or zinc vessel, which has a ring at its 
upper part to enable it to be affixed to the wall. From the 
side of this vessel, close to its bottom, a tube passes, and to the 
end of this tube is fastened a long piece of india-rubber tubing 
with a nozzle at its end. This nozzle is arranged so as to 
direct the fluid into the deeper parts of the wound. The fluid 
used is generally some weak antiseptic solution, such as chlori-
nated soda or sulphurous acid, or boracic acid. 

A very good apparatus can be made in an emergency (accord-
ing to Thiersch) by knocking the bottom out of a champagne 
bottle, and having the tube for conveying 
away the fluid passed through the cork. The 
bottle is inverted, filled with the solution, 
and fastened to the wall. The fluid used 
may be tepid or cold, as we shall see later. 
There is no advantage in using it very cold, 
as recommended by some. 

Where the fluid is dropped on to the 
wound, it is well to place a piece of lint 
over the part where the drop falls, to pre-
vent the constant irritation caused by the 
concussion. The skin in the neighbour-
hood of the wound ought to be coated with 
palm oil, in order to prevent maceration. 

The continuous bath is either a bath in 
which the whole patient can be immersed, 
or one in which the wounded part alone is 
placed. There are numerous methods of 
doing this, and the references to these will FlG. 7 3 . — T H I E R S C H ' S 

be given in the history of the subject. CHAMPAGNE BOTTLE 
T t L . i 1 , IRRIGATOR. 
I he advantages of the treatment by con-

stant irrigation are, that the discharges are removed as fast as 
they form, and at the same time, where an antiseptic is em-
ployed, the part is kept constantly sweet. Thus, where the 
cavity is small and uncomplicated, there may be a truly aseptic 
state of affairs. 

At the same time, where tepid water is used granulation is 
avoured, while pain and nervous irritation are very much 
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The favourable results of constant irrigation in preventing 
septic diseases are very remarkable, and, in this respect, it 
probably stands next to strict aseptic treatment. 

The disadvantages of these methods are for the most part 
the sodden state of the wound and the consequent (edematous 
condition of the granulations, the constant state of unrest of 
the wound and the inconveniences attending the application of 
the method. For the first reason they are discontinued when 
granulation is complete and has filled up the deeper parts of 
the wound, and when the time for blood poisoning has passed. 

ANTISEPTIC SURGERY. 

F I G . 7 4 . — A R R A N G E M E N T FOE IRRIGATION IN T H E UPPER LIMB. 

(After Esmarch.) 

diminished. Further, the parts are kept at absolute rest, the 
necessity of moving them in order to change dressings, &c., 
being avoided. 

As an antiseptic means, I should think that satisfactory 
irrigation is better than the continuous water bath, for in the 
latter there is not the same constant change of fluid, nor the 
same washing away of the discharge. 

IRRIGATION AND IMMERSION. 

That the good results of irrigation and immersion are 
not due to mere maintenance of temperature, as has been 

FIG. 75. A R R A N G E M E N T FOR IRRIGATION IN T H E LOWER LIMB. 
(After Esmarch.) 

supposed, is shown by the results of M. Guyot with his 
incubation method. Here the wounded part was enclosed in 

FIG. 7 6 . — A P P A R A T U S FOR CONTINUOUS IMMERSION. 

(After Esmarch.) (For the extremities.) 
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an incubating apparatus, and kept permanently at a high 
temperature. This method, though much lauded for a tune, 
really seems to have favoured considerably the development of 
septic diseases. 

IV. Concentration of the Fluids, and their Admixture 
with Oxygen. 

The method of treatment which has been the greatest 
stumbling-block in the way of the acceptance of the principles 
of antiseptic surgery is the open method, for surgeons have 
been unable to see how the success of this method could be 
reconciled with the germ theory of putrefaction. They have 
looked on it as the antithesis of aseptic treatment, as acting 
on the very opposite principle to that on which the aseptic 
method is based. And yet, when we come to consider the 
matter in the light of the true principles of antiseptic surgery, 
we find that the open method is an advanced method oi 
antiseptic treatment, Of course other principles such as that 
of perfect rest and free drainage, also tell markedly in this 

^ have stated that this open method acts antiseptically in 
two ways, and these I must now briefly consider. 

1 It acts antiseptically in that the discharges dry up, and 
become more concentrated, and thus become unfit soil for the 
growth of bacteria. 

That concentrated fluids are not suited for rapid development 
of organisms is well known. Thus Pasteur pointed out that 
organisms could not grow in sugary solutions which had become 
concentrated. This fact is made use of in the arts, m the pre-
servation of fruits. Sugar is added in large quantities and 
then the fruits can be kept for an indefinite l e n g t h of tune. 
It is not that the sugar is an antiseptic killing the organisms, it 
is merely that by its presence in large amount the fluid 
rendered unsuitable for development, _ 

The same principle is made use of in preserving milk, 1 
milk is evaporated to one-third of its original volume aB^ 
considerable quantity of sugar is added to it. AMtl,outW 
addition of the sugar, the condensed milk may be kept 

considerable length of time without the appearance of organisms 
in it; with sugar it may be kept indefinitely. 

The same is the case with other albuminous fluids such as 
the discharge from wounds. Concentrate pus, and it will be 
found that organisms develop in it only with difficulty. 

Then we know the contrast between cases of dry and moist 
gangrene ; how in the latter putrefaction rapidly occurs, or, in 
other words, organisms rapidly develop, while in dry gangrene 
putrefaction does not occur, i.e. organisms cannot develop. 

The same was seen in Cazeneuve and Livon's experiments 
on urinary bladders, mentioned before at p. 37. In that case 
organisms could not develop in the wall of the bladder, because 
the fluid was constantly evaporating. 

2. In the open method another antiseptic advantage is 
gained by the free admission of oxygen to the discharge. 

Some very remarkable effects of oxygen in retarding putre-
factive and other fermentations were published long ago by 
Pasteur. He pointed out that if a sugary solution were freely 
exposed to air in a thin layer, the yeast plant, though it grew 
luxuriantly, caused very little fermentation. On the other 
hand, if oxygen were excluded, only a small development of 
the yeast cells was necessary for fermentation. And he has 
shewn that other plants besides the yeast plant can cause 
alcoholic fermentation, if only they are deprived of free oxygen. 

With regard to putrefaction he has brought forward similar 
evidence. The organisms which cause putrefaction are, according 
to him, incapable of living in the presence of oxygen. If a 
putrescible fluid be freely exposed to the air in a thin layer, 
putrefaction does not occur, at least not for a very considerable 
time. Just as in the butyric fermentation, oxygen not only 
interferes with the fermentative process, but actually destroys 
the bacteria which cause it. Hence the free exposure of a 
putrescible fluid to the air results in comparative freedom from 
putrefaction, partly because the oxygen interferes with the 
development of fermentative changes, and partly because the 
oxygen directly kills the putrefactive bacteria. 

There are two methods of wound treatment which act on the 
principles alluded to above. The first is that introduced by Bart-
scherand Vezin, and carried out in the following manner : < After 
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evidence. The organisms which cause putrefaction are, according 
to him, incapable of living in the presence of oxygen. If a 
putrescible fluid be freely exposed to the air in a thin layer, 
putrefaction does not occur, at least not for a very considerable 
time. Just as in the butyric fermentation, oxygen not only 
interferes with the fermentative process, but actually destroys 
the bacteria which cause it. Hence the free exposure of a 
putrescible fluid to the air results in comparative freedom from 
putrefaction, partly because the oxygen interferes with the 
development of fermentative changes, and partly because the 
oxygen directly kills the putrefactive bacteria. 

There are two methods of wound treatment which act on the 
principles alluded to above. The first is that introduced by Bart-
scherand Vezin, and carried out in the following manner : < After 



all bleeding vessels have been tied, and after the stump has 
been cleansed from blood clots by means of a sponge and cold 
water, the patient, for whom two beds are provided close to each 
other, is put to bed, the stump is laid on a soft pillow, and over 
it a piece of gauze or linen is loosely placed in order to keep out 
the flies, the whole stump being freely exposed to the air.' At 
the morning visit, the surgeon pushes his hand under the stump, 
raises it, removes the pillow and applies a new one, or lifts the 
patient on to the other bed, without further cleansing of the 
wound. In this method all attempts at union by first intention 
are given up. 

Burow of Konisberg published his method in 1859. He 
attempted to obtain primary union as far as possible. This he 
did by bringing the surfaces of the wound into contact after a 
few hours by means of strips of plaster applied over part of the 
surface, all other dressings being avoided. 

Eose, whose results of open treatment have been specially 
published by Kronlein, adheres to Bartscher and Yezin's method, 
with this exception, that he daily washes out the wound with 
some antiseptic lotion. Crusts are removed, as they are never 
complete enough to prevent putrefaction, and only cause tension 
by their presence, and indeed protect the discharge underneath 
from the action of the air, or of the antiseptic lotion. Eose 
farther ventilates very freely, so as to have a plentiful supply 
of air to the stump. He employs this method in all wounds, 
except those on the face, where union by the first intention 
is desirable. 

The open method pure and simple is that introduced by 
Bartscher and Yezin ; for here, while the discharges are allowed 
to flow away freely, they are left to the unaided action of the air. 
The antiseptic effect of this method is no doubt increased by 
the addition of intermittent antiseptic irrigation. 

Burow's method cannot act nearly so perfectly, for in it dis-
charges must accumulate in various parts of the wound, and 
they are therefore not so conveniently placed for thorough action 
of the air. 

Among the objections to these methods are the following; 
in all, except Burow's, union by first intention cannot possibly 
occur, indeed no attempt is made to obtain it ; as a conse-
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quence of this, a long time is required for healing, while a larger 
scar is obtained ; the frequent formation of scabs and the con-
sequent tension also cause great annoyance. 

Closely allied to the open method stands healing by scab-
bing. This may be brought about chiefly in two ways. The 
crust may either be allowed to form naturally, or its formation 
may be aided by artificial means. 

This healing by scabbing acts in two ways. In the first 
place, the first principle of the open method of treatment comes 
into play ; the dischai-ge dries up and becomes an unfit soil for 
the development of organisms. In the second place the fluid 
underneath it is in such a thin layer that the living tissues in 
the neighbourhood prevent the development of organisms in it. 
Of course in many cases no living organisms would be there to 
develop, for the scab would form an absolute protection against 
their entrance. 

The natural formation of the crust can only take place effi-
ciently in small wounds, and only exceptionally where cavities 
and recesses are present. For in larger wounds, as we have 
seen, there is too much discharge for a sufficiently rapid and 
thorough formation of a crust ; and if the crust is not perfect 
and rapidly formed, putrefaction takes place underneath it, while 
at the same time, by confining thé discharges, tension and ulcera-
tion result in place of healing. 

But though this natural formation of a crust cannot be trusted 
to in most cases, yet by artificial means a satisfactory one may 
be obtained. 

The method in which this was done by Bouisson, was by 
blowing air on to the wound, and thus drying the discharges. 
This method will be described in the historical part of this work. 

The most common modes are by the application of various 
powders, such as starch, alum, flour, &c., to the discharge, so as 
to form a paste. The best substance which can be employed 
m this manner is powdered salicylic acid, as recommended 
by Neudorfer, and mentioned before under < Treatment by 
Antiseptics.' This is sprinkled on till no more fluid exudes, and 
it combines the advantages of a thorough crust with those of 
an antiseptic dressing.1 

1 For details of these various methods, see the historical part. 



Other attempts have been made to produce a scab by the 
application of various caustic substances to the surface of the 
wound. The crust so formed, containing as it does a strong 
caustic, is unable to undergo putrefaction ; and where the inflam-
mation caused by the application is not too great, and does not 
lead to accumulation of fluid under the crust, an excellent result 
is obtained. In this case, as no organisms are present under 
the crust (they were destroyed by the caustic), and as the firmly 
adhering crust prevents their entrance, we have the typical 
aseptic result—healing of an open wound without suppuration or 
granulation. There are, however, various objections to this 
method of crust formation, the chief of which is the loss of 
substance involved in the process, while the same disadvantages 
are present as in the open method proper, viz., slowness of heal-
ing and a large scar. 

Closely allied to this method of crust formation is that in 
which the crust is obtained by the application of the actual 
cautery. 

Crust formation is seldom suitable unless in the case of 
superficial wounds without recesses or cavities, for, if these are 
present, an opportunity is given for the occurrence of tension 
under the crust. It is a method by no means easy or universal 
in its application. Where it is employed I should recommend 
the use of Neudorfer's method, viz., the formation of a crust by 
the aid of salicylic acid powder. 

Alphonse Gutrin's Cotton-wool Treatment acts partly on 
the first part of the principle of the open method, but it hardly 
comes into the category of antiseptic methods. 

As originally used, the wound was simply washed with water, 
and a large mass of cotton-wool applied around it, and firmly 
bandaged on. 

At present the wound is washed with some antiseptic lotion, 
and layers of cotton-wool, containing camphor powder sprinkled 
in it, are applied. The deeper layer consists of wool moistened 
in carbolic lotion. 

More details of this method will be found in the historical 
part; but I may mention here a point which Guerin considers 
of great importance. The dressing should not be applied or 
changed in the ward, but in a theatre or side room, and the 
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packet of cotton-wool should not be opened till the time of 
application of the dressing. No doubt these precautions may 
prevent some infective material present in the ward atmosphere 
from settling on the wound or on the cotton-wool, but it is only 
a chance that such will be the case. 

This method can hardly be called ' antiseptic ' in the sense 
in which we have used the word, for the antiputrescent princi-
ples on which it acts are not very powerful. As the result of 

- these dressings, the discharge becomes thick and concentrated, 
and not a very good medium for development of organisms. 
Nevertheless this concentration of the discharge cannot occur 
to anything like the extent which takes place when it is left 
freely exposed to the air. The second principle on which it 
acts is that it ensures absolute rest to the wound. By means 
of this rest the granulations are not lacerated, and neither 
bacteria nor their products can be admitted into the body. 
This however is a principle relating to infective disease, a sub-
ject which we have not mixed up with the true antiseptic 
principle, which is solely that of preventing putrefaction in the 
wound. 

G-uerin's method cannot be recommended except in some 
exceptional cases of disease of joints with sinuses, and even 
here the retention of the putrefying discharges, and the conse-
quent irritation, render it of very doubtful value. 

I have already described the aseptic applications of pure 
cotton wool at p. 141. 

V. Assist the destroying Action of the healthy living Tissues 
on Bacteria. 

This principle may be aided in two ways, viz., by perfect 
mechanical rest, and by attention to the general health. 

By perfect mechanical rest, when the tissues are in perfect 
health, and the blood clot is undisturbed, the tissues and clot 
may be kept in such a state as to resist the development of 
organisms. This method, though without recognition of the 
antiseptic principle, has been long practised, and of late has been 
specially advocated by Sampson Gamgee.1 

1 On Hie Treatment of Wounds, 1878. 
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ANTISEPTIC S UR GER Y. 

It is, of course, a well-known fact that, without any antiseptic 
appliances at all, wounds, more especially about the face, heal 
frequently by first intention. How can this take place if blood 
or lymph, exposed to the air, putrefies as the result of the 
access of organisms ? For, during the operation, organism« 
enter the wound both as dust from the air and surround-
ing objects, and also from the water in which the sponges are 
soaked. There is also between the cut surfaces a layer of blood 
or lymph (which, however, must as a rule be very small in 
amount, otherwise healing by first intention does not occur) 
which, if it were exposed between two plates of glass, would 
probably putrefy in a short time. How is it that union by 
first intention can occur under these circumstances ? How is 
it that the blood does not putrefy between the cut surfaces 
of a wound ? 

Well, to use Mr. Lister's forcible arguments, the fact is that 
a thin layer of blood, although containing numerous causes of 
putrefaction, does not as a rule putrefy if it be placed between 
two healthy living cut surfaces. Or, to state the fact in an-
other way, these organisms, which are certainly present, cannot 
develop in a thin layer of blood or lymph placed between two 
healthy living freshly Cut surfaces. Or, to state the same fact 
differently (taking into consideration the different results when 
the same layer of blood or lymph is placed between two plates 
of glass), the living tissues, when in a healthy slate, have the 
power of preventing the development of organisms in their 
immediate vicinity. 

I have already had occasion, in a former part of this work 
(p. 252), to point out that if into a healthy living animal a 
small quantity of ordinary bacterial fluid be injected, the 
bacteria lose their vitality and disappear. I have shown how 
organisms cannot be found in the living healthy body (I except 
here of course specific pathogenic organisms, such as bacillus 
anthracis), unless a considerable amount of their products he 
introduced along with them. On the other hand I demon-
strated how, if the animal were out of health, organisms could 
live in their blood and tissues much more easily. The same 
is the case in union by first intention. If the part be of 
high vital power, and in a healthy state, and if there be an 
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extremely small amount of blood or lymph between the cut 
surfaces, union by first intention will almost certainly occur. 
If the part become inflamed, or if the patient be in a weak state 
of health, union by first intention, without aseptic means, 
becomes a matter of great uncertainty. 

Traube and Gscheidlen 1 have likewise found that blood 
taken with precautions from a healthy living rabbit into which 
24 or 48 hours previously, c.crn. of bacterial fluid had been 
injected, could be kept for months without undergoing putre-
faction. 

And, further, the facts which I have already mentioned, 
that the blood and tissues of healthy living animals do not 
contain living organisms, shew sufficiently that they have the 
power of destroying them, for otherwise there are frequent 
opportunities for the entrance of these into the circulation. 

This same principle was made use of by Mr. Lister in his 
experiments for obtaining unboiled urine (see p. 36). He 
simply washed the glans penis, and the meatus urinarius. He 
did not wash out the urethra at all. The urine passed in this 
way remained absolutely pure, showing that no organisms were 
present in the urethra. And yet the urethra contains mucus, 
putrescible outside the body, and there is sufficient time 
between the acts of micturition for bacteria to spread quite up 
to the bladder (this was experimentally determined by Mr. 
Lister); nevertheless they do not penetrate any distance into 

u r e t h r ; u I n other words, they cannot develop in this 
putrescible mucus, when it lies between two healthy living sur-
faces. Or, to state the fact otherwise, the healthy living tissues 
have somehow or other the power of preventing the develop-
ment of organisms in their immediate vicinity. 

Now blood clot itself may be looked on as a tissue, though 
one which is of very low vitality. That it is a tissue is well 
snown by Mr. Lister's experiments on coagulation of blood; for 

* i0Und , t h f a t u b e cup of blood clot acted in the same way 
as regards the prevention of coagulation as the living walls of 
he vessels. He further found that movement of the clot 
eamng to its laceration destroyed its vital power as a tissue. 

nfw r I i n M e d i c a l J o u r n a l ' f o r August 1879, Mr. Lister, 
after referring to this subject, mentions the following f a c t s : -

1 Loo. tit. 



' I have found, in experiments not yet published, that you 
may put into such purified glasses' (containing pure blood) 
' drops of water of considerable size; and although every 
hundredth of a minim probably contains a septic organism, and 
although the blood that flows into each glass is mixed with this 
septic water, yet the clot there formed, if protected from any 
other source of disturbance afterwards, remains sweet and pure 
for weeks together, proving that even outside the body the 
blood clot has the power in itself of resisting the development 
of septic organisms—a most important truth.' After applying 
this principle to union by first intention in cases of amputation, 
he says: ' But suppose such a stump attacked by muscular 
spasm churning up the blood clot, then the septic particles 
would develop, and then you would have putrefaction and septic 
suppurations, so that without antiseptic treatment in this kind 
of case, you are at the mercy of perfect immobility; and, as I 
have said before, even with the best means, you cannot secure 
this.' 

In his recent address at Cambridge, Mr. Lister refers to 
similar facts, but as he has not yet published them, and as the 
accounts given in the journals are very garbled, I cannot refer to 
them. It seems however that he confirmed the experiments 
just mentioned, and found that blood clot, when kept perfectly 
undisturbed, did not putrefy, even if 4 drops of tap water were 
placed in the flask before the blood was introduced. 

A very interesting experiment bearing on this subject is 
mentioned by John Hunter in his paper on ' The living principle 
of the blood.' 

After pointing out how fresh and living eggs resist putre-
faction, and referring to various facts which he thought were 
indications of the existence of a living principle in blood, he 
narrates the following remarkable experiment, showing that the 
blood of young persons resists putrefaction longer than that 
of old people; in other words, that the blood of young persons 
has greater vital power. 

' June 24t.h.—Some blood was taken from a woman twenty 
years of age, and its surface, after coagulation, was covered with 
an inflammatory crust, 

' On the same day some blood was taken from a woman a 

sixty, when the crassamentum was also covered with an inflam-
matory crust. 

' These quantities of blood were set by. 
' The blood from the old woman putrefied in two days That 

from the young woman kept quite sweet till the fifth day when 
it began to smell disagreeably; i n this state it continued two 
days more, and then emitted the common odour of putrid blood 

Several experiments were made in the course of the' 
summer of a similar nature with the last, in all of which it 
app^ed.that he blood from young people kept longer sweet 
than that which was taken from the old ' 

That healthy blood clot can resist putrefaction so long as it is 
kept at rest explains many remarkable cases which would other-
wise seem at first sight at variance with antiseptic principles. 
The following case, showing the contrast between blood clot 
when kept a rest and when disturbed, is worth narrating.-
flrm September 15 1870, a young officer whose left upper 
arm had been broken about its middle by a Chassepot b u l l t a t 
Noisseville seventeen days previously, arrived with an ambu 
lance tram at the Tempelhof military hospital. 

The plaster of Paris apparatus, which had been applied at 
ee on the battle-field, had become soft and broken, and aS the 

parent complained of pain in the arm, probably as the result of 

3 r a i r s o m e w h a t s w o i i e n > t h e 
When T na ri f e x a ™ t i o n made of the wound. 

tit I T ! ^ i n t ° t h e removal of th 
S i s ed V U r r 0 ? folgmentS ° f b o n e ' ' ^ t was, however, astonished to find no trace of pus, only coagulated blood. 

w i t h f ^ d o t i n itw f T f l ' a g m e n t S ' a 1 ) k s t e r 
a v i l l 7 S a p p h e d ; nevertheless, there now resulted 

of the wound^t 
rp, e t n r e a t e n e d the young man's life.' 
these views sufficiently reconcile the fact of union b y first 

S S ^ S T " n 0 U r e a t e d a s e P t - H y w i t h the germ theory 

capablTof1resisting" t h f d " T * ^ * ^ ^ « » 
diate vicm t T t l v f d e / e l o p m e n t o f b a c t ^ a in their imme-
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of perfect health. To attain this, the health of the patient 
must be attended to and kept good, and all causes which irritate 
and cause the wounded part to inflame or become weaker must 
be avoided. The causes which weaken the part are various 
forms of unrest, mechanical or chemical. 

To carry out this principle two things are required, viz., 
accurate approximation of the cut surfaces, and absolute immo-
bilisation of the part. Where accurate approximation of the 
cut surfaces cannot be obtained, the same principle of absolute 
rest must be carried out as regards the clot filling up the gap, 
and it may thus resist the development of bacteria in its sub-
stance. Were I compelled to treat any case on this principle 
alone, I should combine with it the open method, leaving the 
wound freely exposed to the air. The superficial layer of the 
clot, by drying up, would thus to some extent form an obstacle 
to the entrance of organisms. 

I have mentioned this as an antiseptic method, as the 
principle is of great importance in explaining certain otherwise 
puzzling cases, but I should not recommend it for adoption, for 
it is only in a few cases, such as in face wounds, where the 
vitality of the part is high, that this vital action of the tissues 
and blood clot can be sufficiently trusted. 

Such are the chief principles on which antiseptic surgery 
can be carried out. In the class of antiseptic methods to which 
I have referred in this chapter, the surgeon does not adhere 
strictly to one or other principle, partly because the principles 
on which he acts have not as yet been properly understood or 
appreciated, and partly because better results can be obtained 
by their combination. 

In many minor ways the antiseptic principle may be aided. 
Thus, by the use of catgut ligatures, we do not have a long 
septic thread hanging out of the wound, conducting putrefac-
tion into its interior and leading to deep-seated suppurations, 

The silver suture acts in the same way as compared with the 
silk. Silver does not absorb the putrescible materials, and thus 
putrefaction does not occur in it. On the contrary, silk absorbs 
blood and serum, which putrefy in it, and the silk which was 

at first unirritating, becomes very acrid and causes inflamma-
tion in its vicinity. 

What are the various means by which the general health 
and tone are kept up in septic cases, what is the careful 
selection of healthy individuals for operation, but imperfect 
attempts at antiseptic surgery ? 

What is ventilation but an antiseptic means ? The air being-
constantly changed, the foul emanations from wounds contain-
ing septic bacteria are diluted and swept away, while at the 
same time a better state of health is obtained. 

And so I might go on enumerating various minute points 
which have been, in ignorance of their true significance, adopted 
in the treatment of wounds, all of which, more or less, act on 
and promote antiseptic principles. 

We thus come to the end of our discussion of the Principles 
and Practice of Antiseptic Surgery. We have seen that anti-
septic surgery is simply a struggle with the causes of putrefac-
tion. I have not mentioned the germ theory of infective 
disease at all. That has no essential bearing on the principles 
of antiseptic surgery. All that is required of antiseptic 
surgery is to prevent the occurrence of all kinds of fermenta-
tion The germ theory of infective disease is, I say, an inde-
pendent view, and not part of those principles at all. It is 
from mixing up these two theories that the confusion, and 

Z e r v b % 1 a C C e p t i n g th<3 p r i n d p l e S 0 f - « s e p t i c 
Z f h 7 a : r - , T l m S ' f o r i n s t a n c e ' a s u r ? e o » - b o write, 
a good deal on this subject, after admitting to the full the germ 
theory of putrefaction, states that he refuses to accept the 
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Grariring that the same germs which would ine'dtaWv p r o d ^ 
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together the two germ theories—that of putrefaction with 
that of infective disease. But, as I have already pointed out, 
the germ theory of putrefaction is the only view at the 'mis 
of antiseptic surgery; and the author admits the truth of 
this theory, and yet rejects aseptic surgery! 

But let the germ theory of putrefaction be once admitted, 
antiseptic surgery and, where possible, aseptic surgery, is 
the logical, practical outcome. What does it matter for the 
principles of antiseptic surgery what the precise relations are 
which fermentations in wounds bear to the bad symptoms after 
wounds ? These are points to discuss in connection with the 
results obtained, but they are not the essential points to be 
considered in determining the adoption or rejection of anti-
septic methods. 

Leaving, out of view the question of infective disease, and 
supposing that we deny its connection with fermentations in 
•wounds, I would ask any surgeon who takes the above line of 
argument, whether he would view with satisfaction the en-
trance of causes of putrefaction into the peritoneal cavity? 
I venture to say that he would not, and that the following 
would be the result of his calmer cogitations: ' I do not 
care at all what relations fermentations in wounds bear to 
infective diseases, but I would rather not have putrefaction 
present in the abdominal cavity, and I must insist on your 
taking all possible precautions to prevent the entrance of its 
causes. In other words, I believe in the germ theory of putre-
faction, and I wish the methods of practice which follow 
logically from such belief to be fully carried out in this case; i.e. 
I wish the strictest aseptic precautions to be employed. If, at 
the same time, infective disease is also avoided, I shall be very 
pleased, but I do not understand the causes of it. I do under-
stand, however, the causes of putrefaction, and I wish no pre-
caution to be spared by which it may be avoided.' 

I venture to think that, with the mass of evidence now 
existing, there will be very few disbelievers in the germ theory 
of putrefaction ; and, as soon as a man accepts that view, he is 
bound, as a rational man, to put his belief into practice on one 
or other of the lines indicated here. He must do that, I say, 
whether he believes in the germ theory of infective disease or 
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not, were he indeed ignorant of the existence of such a view ; 
though no doubt the precise amount of energy which he will 
bring to bear in carrying out one or other method will to a 
certain extent depend on the view which he takes of the 
dangers which may arise from fermentations in wounds, and 
these we shall have to consider when we come to speak of the 
results of the various methods. 

u 



C H A P T E R X I V . 

HISTORY OF ANTISEPTIC SURGERY. 

Practice of the ancient writers. Attempts of the ancients to secure immedi-
ate union of wounds. Paré and Paracelsus: Delacroix: Arcseus: Progress 
of wound treatment in the sixteenth century. Seventeenth century:. 
Magatus: Wiseman : Colbatch: Progress in the seventeenth century. 
Eighteenth century and the early part of the nineteenth : Boerhaave: Col 
de Villars : Heister : Bilguer : Benjamin Bell : Abernethy : John Hunter's 
objections to the views of Bell and Abernethy : John Bell: opinions and 
practice of other surgeons : Conclusions : Yon Kern. 

ANTISEPTIC surgery being, as we have seen, a very wide 
term, in endeavouring to take a philosophical view of its his-
tory and development, we must trace the development of the 
methods of wound treatment during the last two centuries at 
least. In doing, so, and in order to avoid repetition when we 
come to consider the results of the various methods, I shall 
introduce into this historical part such details of the results 
obtained as seem to me advisable. 

Without entering into details on the practice of the ancient 
writers, we may look on their modes of treatment as more or 
less directed to making the wound heal. Thus, substances were 
applied to make the flesh grow, others to make the growing 
flesh firm, and others to make the wound cicatrise. Amid all 
these attempts, the tendency of the wound, itself towards 
healing was almost entirely lost sight of. It was supposed 
that without these applications all sorts of evil results 
would take place, and healing would not occur. These ideas 
reigned paramount for centuries; and we find them still ad-
vocated, not perhaps in such a glaring manner, up till very 
recent times. 

Nevertheless, there were surgeons who from time to time 
were bold enough or had insight enough to protest against 

these views. Amongst these we may mention PAUL D'EGINETA,1 

who lived probably in the seventh century. He proscribes the 
numerous plasters, by means of which, he says, the action of 
nature is choked, and he shows himself not ignorant that it 
is to nature herself that one must attribute the successive 
changes that wounds present. ROGERIUS,2 in the thirteenth 
century, also protested against the numerous dressings then 
in vogue, and used only wine and honey as local applications. 

The rule at that time was not to attempt to close the 
wound, even where that was possible, for it was supposed that 
all sorts of evil humours would be pent up, and cause constitu-
tional affections. On the contrary, wounds were distended 
with tents and plugs, which were covered with all manner of 
ointments, and imbued with various kinds of medicaments.. 
Attempts were, however, made from time to time to procure 
union. Among those who made these attempts may be men-
tioned BRUNO,3 in the thirteenth century, who treated wounds 
differently according as they were simple incised wounds, or 
wounds with loss of substance. The former he closed at once, 
while the latter were made to suppurate, except in cases where 
nerves were injured, where he thought that 'putrefaction might 
cause spasm:' already we see the germ of the idea, which is at 
present gaining ground, that there is an intimate relation 
between tetanus and septic changes in wounds. Similar views 
were expressed about the same time by LANFRANC,4 who wrote 
at length against the dangers of tents, and who states that the 
immediate union of wounds ought to be the first aim of the 
surgeon in all cases of simple wounds, except in the case of a 
bite by a mad clog. 

Dunng the next two centuries, surgeons seem to have for-
gotten, or not to have paid attention to, the teachings of Bruno 
and Lanfranc, and to have still continued the practice of 
endeavouring to remove morbid humours, and of altering the 
supposed poisonous state of the surface of the wound by 
numerous and varied applications. The most prominent surgeon 

THLS T I M E W A S HE CHAULIAC,5 the celebrated surgeon 

1 ^ e Portal's mtoire de VAnatomie et de la C/nrurme, 1770. 
Ihd. 3 Ibid. i. 178. 1 Ibid. i. 193. uim,m a Magn0y rest i tuta a L Jouberto> 158-



of Montpellier. He used no less than five different ointments 
in the treatment of a simple wound. 

At the end of the fifteenth century, or the beginning of the 
sixteenth century, a new writer appeared in the person of DE 
VIGO,1 who for a time exercised a great influence on the progress 
of surgery. It was he who elaborated the dogma that gun-
shot wounds are poisonous, and that they must be burnt. He 
speaks of the contact of the air with wounds as being very 
hurtful, and for that reason he unites the edges early, taking 
care not to leave any blood clots between the cut surfaces. He 
also objects to the imnecessaiy use of tents, and only introduces 
into the wounds lint covered with a digestive made with tur-
pentine. To the wound itself he applied various powders, some 
of them containing antiseptic substances, and these no doubt 
assisted to form an antiseptic crust. 

In 1 5 4 2 MICHEL ANGE BLONDUS2 wrote on the treatment of 
wounds by water. After arresting hemorrhage, and removing 
foreign bodies, he applied dressings soaked in water. 

From this period we begin the real history of modem 
wound treatment. The two men who were most influential in 
rescuing this department of surgery from the state into which 
it had fallen, and in laying the foundation for the more modem 
methods of treatment, were Paracelsus and Pare. 

PHILIPPE-AUREOLE - T n f OPHRASTE - PARACELSE-BOMBAST 3 was 
born in 1493 at Einsiedeln, near Zurich, and spent the early 
part of his life at Basle, as teacher of surgery. In his method 
of treating wounds, he only aimed at aiding nature. He sup-
poses that there is a juice, distributed throughout the body, 
which keeps the various tissues of the body in good health, and 
repairs them when they are injured. The whole aim of the 
surgeon ought to be to prevent alterations in this liquid, result-
ing either from its contact with air or from other accidents. 
Nature alone is sufficient for this, as is seen in wounds of the 
lower animals, and the essential thing is not to interfere with 
nature. Medicaments are only of use as preserving this juice, 
and preventing its corruption (putrefaction). In the treatment 

1 The Must Excellent TVorkes of GMrurgerye, &c., 1548, 
2 Portal's Histoire, i. 381. 
3 Optra Medico, CMmica, sive Paradoxa, 1603-5. 

of wounds he employed silver wire sutures, and bathed or in-
jected the wound with a solution of acetate of lead. 

These views were adopted by AMBROISE PARÉ ( 1 5 0 9 - 1 5 8 4 ? ) . ' 
He says:—'Le chirurgien, pour la curation des play es, se doit 
proposer une commune indication, qui est, union des parties 
divisées ' . . . ' Or ceste première et générale indication est 
parfaite par nature comme le principal agent, et par le chirurgien 
comme ministre de nature ; et si nature n'est forte, le chirurgien 
ne pourra venir à sa fin prétendue.' Paré mentions a variety of 
topical applications, but his great aim is to keep the part at 
rest. ' Preserve the temper of a wound by low diet, a little 
wine, and rest ; avoid venery, contentions, brawls, angers and 
other perturbations of the mind.' As is well known, he was 
the first to show that gunshot wounds were not poisonous. 
He simply enlarged these, and extracted any foreign bodies, and 
then applied suppurative medicines. He regarded wounds of 
joints as very fatal, and for the most part deadly, and here he 
counsels the application of Venice turpentine, and not of sup-
purative medicines. His views -with regard to air are interest-
ing. He looked on pure air as rather beneficial to the wound, 
and to the patient, but the air of sick rooms, camps, &c., is 
generally, as he supposed, loaded with miasms, and therefore 
very dangerous, and it is the miasms in the air rather than the 
air itself, which are the source of the danger. 

It was chiefly by the writings and teachings of these two 
men, that the ideas that the wound must be fed, that bad 
humours must be removed, and that wounds cannot heal 
without constant meddling, gave place to the true view that 
nature is the only agent in the healing of wounds, and that all 
that we can or ought to do is to remove anything which inter-
feres with its proper action. Paré looked more especially to the 
constitution. He strengthened the body as a whole, while 
removing, as far as he knew, any local disturbing causes. The 
former is, however, the point which he considered the most 
important. 

JEAN ANDRÉ DELACROIX ( 1 5 7 3 ) 2 was one of the most suc-

' Œuvres Completes, par J. F. Malgaigne, 1810. See also The Works of 
notfavious Chirivrgioti, translated by Thomas Johnston, 1665. 

mortal's Histoire, ii. 41. 



cessful surgeons of that time, and adopted the views just related 
as to the powers of nature. He used antiseptie substances 
largely. Thus he recommends strongly, a s applications to 
wounds, ethereal oils and substances containing alcohol Aft' 
the bleeding had been arrested and foreign bodies ¿moved 
he washed out the wounds with some ' detergent liquid ' - J 
then applied plasters containing chiefly pitch and oil of tm 
pentine. His results were exceptionally good. 

The bad effects of the air were much feared by WURTZ ' who 
m order to prevent its access to wounds, kept the doors 'of the' 
sick room closely shut-while he rapidly changed his dressings 

FALLOPI us2 also, about the same time, from the same fer 
ol the air, made a number of experiments on h e a W under i 
crust. & d 

The method of treatment employed by FRANÇOIS A R C S ® 3 
( lo74) was more simple than any of the others used up to that 
time. Having arrested bleeding, and removed foreign bodies 
he washed the wound with alcohol, or with wine containing 
myrrh or other similar substances, and brought the edges to-
gether with sutures, leaving an opening which could be kept 
open, if necessary, by a piece of lint introduced into it. Ile 
then applied a balsam, which afterwards attained great celebrity, 
and which he describes as follows : - < Prenez térébenthine claire 
et baume elemi une once et demie de chacun ; de la graisse d'un 
animal châtre, deux onces; vieille graisse de porc, une once. 
Faites foudre tous, ces ingrédiens à un feu modéré, et vous 
aurez un liniment que vous ferez foudre toutes les fois que vous 
voudrez vous en servir. Vous en oindrez la plaie avec une plume * 
et vous couvrirez le tout avec un emplâtre de Vigo.' He had 
some remarkable results by the use of this method, which really 
is a fair antiseptic method, and not far removed from an aseptic 
one. r 

VICARY " towards the end of the same century, washed out 
wounds with a balsamic water, stitched them up, and covered 

1 Practica der Wundarztney, Basel, 1596. 
2 Opera, Omnia, 1600-6. 

anJitHZl Method Wmndes in tlœ Head-
and ™ other Parts of the Body, translated by John Read, 1588. 

Hie Lnghshman s Treasure, 1626. 

them with various balsams, and he speaks of the excellent 
results which he obtained in this way. 

The great advance in this century was the reassertion of the 
part played by nature, and the abandonment of the ideas of 
feeding wounds or of making flesh. Here also we have the 
first strong recommendation to apply antiseptics to wounds, 
and the success of these applications, in the hands of Arcseus 
more especially, is vouched for by the fame which his balsam 
afterwards acquired. Nevertheless, as such methods were 
simply the result of chance, and did not arise from any glimpse 
of the true principles which were at work in obtaining the good 
results, they never became established modes of treatment. 
During this century, two writers more especially, Paracelsus and 
Wiirtz, looked on the admission of air to wounds as a very bad 
thing, while Paré went the length of ascribing the harm not 
so much to the air as to miasms contained in it. 

Seventeenth Century. 

The evil effects of air were, however, most prominently 
brought forward by MAGATUS 1 ( 1 5 1 6 ) , to whom also must be 
accorded the credit of having first thoroughly recognised the 
importance of rest in the treatment of wounds. He says that 
the air is charged with miasms, which infect the parts with 
which they come in contact. He points out as an instance of 
this, the rapid putrefaction of an egg if a hole is made into it. 
He also writes strongly in favour of perfect mechanical rest, 
for he thinks that movement is a frequent cause of the bad 
results which follow wounds. With the view of obtaining both 
objects, the exclusion of air and perfect rest, he recommends 
very infrequent changing of the dressings; indeed, he only 
changed them when it became absolutely necessary. He left 
spaces between the sutures for the escape of pus, but he 
objected strongly to the use of tents. Pie did not wipe away 
the pus from a wound, because he thought that it ultimately 
formed the cicatrix, and in the meantime protected the wound. 

These infrequent dressings, owing to fear of bad effects from 
the contact of air with the wound, were, as we now know, the 
outcome of a wrong theory; and although Magatus's teaching 
exercised great influence down to recent times, yet in the case 

1 Be rara Medicatione Vulnerum, 1616. 



of those who have studied and acted on his views, the reaction 
has been so great when they have discovered how insufficient 
they were, that the good points in his method were for a ono-
time likewise rejected. ° 

During this seventeenth century, there was but little pro-
gress made. The accumulation of dressings, which had been 
given up to some extent at the commencement of the century 
had been again introduced, chiefly as the result of Magatus's 
teaching on the bad effects of air. These dressings contained 
however, balsams and other antiseptics of various kinds and 
thus the bad effects which must have arisen from keeping 
putrid dressings in contact with wounds for a long time, may 
have been to some extent avoided. ' 

It is interesting to note, in reference to our future considera-
tion of the results of various methods of wound treatment, that 
Magatus's method by no means did away with the dangers of 
such injuries as incisions into joints. Thus, to quote from 
JAMES COOKE'S < Marrow of Chirurgery' ( 1 6 8 5 ) ; under ' Wounds 
of Joints,' he says: ' I f a wound associate to a dislocation so 
that the joynt be bar'd and a little thrust out of the skin; in 
great joynts 'tis deadly, in all bad: yea, after set, there oft 
follows inflammation, convulsion, &c., especially if withal there 
be a fracture near the joynt.' 

That advance was being made, and that the teachings of 
Magatus were not blindly followed, is evident, for example, from 
the writings of RICHARD WISEMAN 1 ( 1 6 9 2 ) . Wiseman's views 
on the healing of wounds and his methods of treatment were re-
markably good. In uniting the edges of a wound, he says that 
one must not force a pledget of lint between the lips, nor use 
violence. Unite the parts gently and equally; then 'preserve 
the natural temperament of the part, that thereby agglutina-
tion may be obtained.' Agglutination is the work of nature 
alone. Blood is the natural glue, and hence great care must be 
taken that it is good. Attend therefore to diet and regimen. 
Support the patient's strength. Do not stop strong drinks, if 
the patient has been accustomed to them. Do not purge ; but, 
if necessary, give gentle laxatives. He used as applications to 
wounds such remedies as turpentine, and outside this he applied 

1 Chvrwrgical Treatises, 1692. 

cooling and astringent lotions. Powders of various kinds were 
sprinkled over the larger wounds. 

At the end of the seventeenth century appeared a most re-
markable series of treatises by SIR JOHN COLBATCH,1 in which he 
describes results obtained by the use of a medicament, which 
he unfortunately does not mention, but which gave him results 
only comparable to the true aseptic results obtained at the 
present day by the use of the aseptic method. That he 
should have concealed the name of the substance employed 
cannot be too much regretted; but that nevertheless he was no 
ignorant quack, telling falsehoods simply to sell his wares, is 
shown by the position which he ultimately attained in his pro-
fession. The accuracy of his results are also attested partly by 
the publicity with which they were obtained, but chiefly by the 
clearness of the description which he gives of the progress of 
his cases-a progress which could not at that time have been 
imagined by any one who had not seen the facts. A typical 
aseptic course is described, while there is no doubt that he had 
observed vasculurisation of the blood clot, and its replacement 
by new tissue, just as has been described in the present dav bv 
Mr. Lister. J J 

In his preface he asserts ' that the method of chirurgery 
hitherto used is not the best; that all probes and tents, all 
digestive and suppurating medicines, all cauterizing and straight 
ligatures are injurious to the patients, and procrastinate their 
cure. His view is, that when a wound is made the ' nutritious 
juice' escapes from the vessels. ' Now all the medicines used 
m the common methods of chirurgery are of such a nature as 
to relax the divided fibres so much, that they cannot contain 
the nutritious matter brought to them, but let it pass into the 
wound, where it is by the same medicines corrupted and turned 
into that substance we commonly call matter. Now the corrup-
tion ot the nutritious juice cannot be performed without a sort 
offermentation, and it is the fermenting particles that, fretting 
me fibres, cause inflammation in wounds, and by entering- into 
ne OLooct, and dividing its texture, cause symptomatic fevers,, 

which frequently prove so fatal.' He then goes on to say that 
} " m e d , C m e s i n c°mmon use surgeons cause suppuration 

1 Ncmm Lumen chirurgicum, &c„ by Sir John Colbatch, 1704. 



and often mortification, ' and when nature is almost tired and 
oppressed, weak as she is, they leave her to do her own work.' 
In the cases where the cavities of the body are wounded, the 
patient is considered certain to die; ' for to bring a wound in 
the lungs, liver, guts, &c., to suppuration is to bring certain 
death, and to cure a wound without bringing it to suppuration, 
they don't pretend.' He then refers to the fact that in all 
wounds the patients were put on low diet, and more often than 
not blood was taken in large quantities, ' to the great weaken-
ing of their patients.' 

As to Colbatch's method. ' Suppose a wound be made with 
a sword, or other cutting instrument, the length or depth of 
which signifies nothing, I make a solution of my Powder in 
water, for want of which, in urin ; and as soon as conveniently 
I c a n —the sooner the better—I either squeeze, or with a syringe, 
if the wound be deep, inject into the wound some of the said 
solution; I then close the lips of the wound together, which, if 
wide and large, I stitch up. When I have so done, I apply a 
pledget of fine tow, wet in the said solution, to the wound ; 
not letting it go into it, but only to cover the edges of it, and 
lie all over it. And if there chances to be any large artery cut, 
I hold on the pledget close with my hand till the flux of blood 
ceases, which will be in a small time, otherwise not ' (he speaks 
of his medicine as a hemostatic); 4 afterwards I bind it on with 
a very easy ligature, then I give my tincture in wine.' In 
incised wounds one dressing, or at most two, were as many 
as were requisite, the second being applied at the end of three 
or four days. In wounds with loss of substance more dressings 
were necessary, and these were changed once in four days. 

As to his results, he says :— 
' First of all, my medicines never cause any pain, unless it 

be just when the external one is squeezed or injected into the 
wound, and that pain is little more than what would be caused 
by using spring water in the same manner. 

' Secondly, there is no pain afterwards, but the paxtb are 
pliant and easy, as if not hurt at all. 

' Thirdly, if there has bin great pain before, according as 
it has bin greater or less, so it has bin longer or shorter 
before taken off, but the greatest in a short time. As when a 

wound had bin long received, and had other applications to it 
before mine had bin much inflam'd and the parts adjacent 
much swell d, and consequently the party in great pain, all 
these symptoms have" bin totally taken off in twenty-four or 
forty-eight hours at furthest and many times in such cases the 
greatest pam taken off in a few minutes. But they have never 
bin the cause of pain, swelling, or inflammation, which bv the 
way is a certain argument they are no caustics, as some mali-
ciously and falsely report. 

'Fourthly, there has never any such thing as a fever, let the 
wound be internal or external, attended any who have ¿sed my 
medicine soon after they have bin wounded; but several who 

totally freed fiL £ £ 
ammg from flesh or wine, the more of which they drink so 

they keep witHm bounds, I always find them the better. ' 
fifthly, m all incised wounds, where my medicines hav* 

ni soon enough used, and no other 
hey are perfectly cured in a few days without suppuration and 
have frequently observed that at about four days m d Such 

ceived whTh 1 J- r , h a d t 0 d 0 w ith wounds long re-
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powder were an antiseptic, the method employed is 



practically the same as that which I have described when no 
spray is at hand : fill the wound with the antiseptic lotion ; 
stitch up and apply your antiseptic dressing. Neudôrfer, who 
also mentions Colbatch, thinks that this powder was a salicylate ; 
probably, on account of the smell of roses to which Colbatch 
refers, salicylate of ammonia. 

Thus in the seventeenth century but little real progress was 
made. The great aim was to exclude the air, and to avoid 
mechanical causes of unrest; the chemical causes of unrest 
were not at all understood. Colbatch's method seems to have 
been completely lost, no doubt on account of his concealment 
of the nature of the substance used. 

Eighteenth Century and the Commencement of the Nineteenth. 

AUGUSTIN BELLOSTE 1 ( 1 7 0 0 ) reiterates Magatus's teaching. 
He fears the contact of the air, chiefly on account of the 
miasms which it contains, and in order to exclude these, and 
also in order to obtain mechanical rest, he recommends in-
frequent dressings. He fills his wounds with charpie and 
follows Magatus in not washing away the pus. He advocates 
immediate union in cases where bones are divided. ' L'expé-
rience m'a fait voir,' says he, ' en mille occasions que quand un 
os est simplement découvert, tout consiste, pour en éviter 
l'altération, à le défendre des attaques de l'air. Pour cet effet, 
il faut procurer la réunion de la plaie le plus tôt qu'il sera 
possible, par le moyen des bandages propres et des remèdes 
balsamiques, sans la dilater avec les tentes et les bourdonnets; 
par là l'os se recouvre promptement, et on évite l'exfoliation, 
qui est absolument nécessaire quand on a donné le temps à l'air 
d'y faire ses impressions.' 

In 1 7 0 6 PARMANUS 2 speaks of a lotion which he uses for 
wounds, which ' resists putrefaction, prevents ill accidents, and 
takes away the inflammation and pain of the wound. His 
dressings were kept constantly moist with this lotion, and 
changed once in two or three days. 

In the same year ANEL 3 published an account of a method of 
1 Le chirurgien d'Hôpital, 1707. 2 Clnrurgia Curiosa, 1706. 

3 Portal's Histoire, iv. 398. 

evacuating abscesses by aspiration, without leaving an open 
wound. A similar kind of instrument for the purpose of re-
moving blood from the thorax had been previously described by 
Delacroix ( 1 5 7 3 ) . 

As we have seen, the dread which surgeons as a rule up to 
this time entertained of admitting air to wounds was not so 
much because it caused putrefaction of the discharges of 
wounds, but because it contained miasms which were hurtful 
to the patient. The connection between internal abscesses and 
wounds had been hardly as yet observed, and it was not till 
Boerhaave wrote, that this connection was recognised, and that 
a putrid discharge in a wound became a thing to be avoided.1 

BOERHAAVE2 ( 1 7 2 0 ) pointed out the frequency of internal 
abscesses after certain injuries, and he ascribed this to the ab-
sorption of pus by the open orifices of the veins of the wound. 
Boerhaave went further, and ascribed the evil effects to the 
putridity of the pus. This is very evident in the following 
quotations, which Jeannel (Pyohémie) gives from Boerhaave's 
aphorisms: ' Si turn relinquitur (pus) diü in loco clauso, attenu-
atur, acre fit, putrescit, augetur, vicina consumit, erodit, mole,' 
pondere et motu sinus fistulasque creat variis locis, varias, 
pessimas in intestino recto;' and also, 'Aut dissipata parte 
tenuiori reliquum durescens tumores duros, máxime circa glan-
dulos creat, vel denique (pus) venis lymphaticis aut sangui-
feris, per eroso osculo impressum absorbetur,' &c. Jeannel also 
quotes passages from Paré to show that he attributed the fever 
which accompanied wounds to a putrefaction of the pus. 

Boerhaave's views were adopted by L E D R A N 3 and HEISTER; 
and, in 1741, we find the necessity of frequent dressings, in 
order to prevent putrefaction, strongly urged by COL DE 
VILLARS.4 The latter author advises that if there be much 
suppuration, the dressing should be changed twice a day. He 

1 That wounds of the skull were apt to be followed by abscesses in the-
liver was long before noticed by Paré and others, but the significance of the 
fact was not understood. 

DewtTnS CmCernÍn° thC Cure of Disease, translated by 

^ Billroth, Historische Studien iibcr die Beurtheilmgen der Schusmundm, 

4 Cows de Chirurgie, ii. 1741. 



employed compresses soaked in wine or in balsams, such as 
the balsam of Arcasus, or covered with an ointment consisting 
of equal parts of wax, turpentine, and oil of hypericum, In 
order to avoid the contact of the air the dressing was changed 
as quickly as possible. 

HEISTER 1 (1753) used balsams very extensively, not because 
he held that they conduced to form new flesh, but chiefly be-
cause they removed everything that might hinder that pro-
cess, more especially putrefaction. In order to prevent the 
access of air, which he considered hurtful, the surgeon was in-
structed not to remove the old dressings till the new were ready 
for application. Heister attended to the drainage of his wounds, 
and, if necessary, he made a counter-opening into which he 
introduced a piece of lint covered with some sort of balsam. 
The edges of the wound were brought together either by stitches 
or by plasters composed of various balsams. 

The most important work, however, in which the action of 
antiseptics is especially recommended, was BILGUER'S2 (1764). 
His method of treatment in all kinds of wounds consisted 
essentially in filling all the recesses of the wound with antisep-
tics, and laying over the wound a piece of lint dipped in an 
antiseptic solution. His method is specially described in con-
nection with cases of mortification. He makes incisions through 
the dead parts, which incisions should be large and numerous, 
but should not touch the living part. He then squeezes out 
the corrupted humours, and pours in the following mixture: ' Of 
frankincense, mastick, sarcocolla, and myrrh finely powdered, 
true balsam of Peru, and genuine essential oil of cloves-
equal parts ; of balsam of Fioraventi, as much as may, after 
mixing all the ingredients over a very gentle fire, form a thin 
liniment.' Over this is laid some dry lint, thoroughly sprinkled 
with a powder composed of ' an ounce of myrrh finely powdered, 
half an ounce of sal-ammoniac, camphor and nitre—of each a 
drachm.' If necessary, fomentations may be applied outside this. 
These fomentations should be composed of ' a pint of lime-
water, 3 ounces of camphorated spirits of wine, and H ounce 

1 General System of Surgery, translated 1753. 
4 A Dissertation on the Inutility of the Amputation of the Limbs, with 

notes by M. Tissot, 1761. 

of sal-ammoniac.' A variety of other mixtures and methods of 
treatment are mentioned, but the quotations will show the 
essential points. 

In this method the thorough application of these sub-
stances would no doubt result in complete asepticism; and the 
results which he obtained are very remarkable. From his ex-
perience, he sets his fabe strongly against amputation. He 
says: 'The cutting off a limb being the severest means 
employed in surgery for the relief of mankind—an operation 
which every one beholds with horror—I cannot, I imagine, 
better accomplish my design, or do a greater service than by 
demonstrating that the cases wherein amputation is necessary 
are much less frequent than has been hitherto supposed, and 
that it may even be almost totally dispensed with.' 

With regard to his results he says : ' I have had under my 
care, during the course of the late bloody war, a great number 
of wounded limbs, torn and shattered by cannon and musket-
balls, by the bursting of bomb-shells and grenades, by grape-
shot, &c. I cured them without ever performing amputation 
. . . although there were bones broken and shattered* large 
blood-vessels divided, the flesh miserably lacerated, and limbs 
carried off; others in which the bones were split up as high as 
the articulation; all which circumstances might make us rea-
sonably apprehend a tedious and difficult cure, too plentiful a 
suppuration, hemorrhages, violent inflammation, excessive cor-
ruption, mortification, and death.' . . . 

' I had at one time, during the war, in a military hospital, 
6618 wounded persons, who were all treated according to my 
direction, and part of whom T attended myself. Of these, 5557 
persons were perfectly cured, and in a condition to support all 
the fatigues of the service ; 195 were able to do duty in garri-
son-what they call « half-invalids " - o r to work at any trade; 
, r e m a m e c l ^capable of any labour, civil or military, what 

they call « grand invalids," and 653 died.' 

The 195 and 213 invalids belonged to the class of cases 
, h a d t h e i r b ^ e s bruised, broken, or shattered. After a 

calculation which I need not go into, he very reasonably con-
cludes that 'much the greater part of these 408 men cured 

S e n t t 0 t h e Invalides would have died if amputation had 



been performed.' He compares this with the 'prodigious 
number of wounded men who at the beginning of the war had 
their limbs taken off on account of dangerous wounds, of vhom 
scarce one or two escaped with their lives.' He concludes 
thus: ' Further, if it be considered that many of those who died 
might have recovered, had they been taken care of anywhere 
else than in an hospital, where the air is very bad, and if it be 
called to mind at the same time, what some very eminent sur-
geons have observed, that two-thirds of those die who have 
their limbs cut off, I hope it will be readily acknowledged 
that my method of treating wounded limbs by saving them, is 
highly preferable to that of amputation.' 

As a contrast to this method I may refer to that used by 
PERCIVAL P O T T 1 (1768) in compound fractures. Where the 
limb is treated conservatively, he recommends immediate reduc-
tion, and then he mentions two requisites: 1. The mainten-
ance of a proper opening for the free escape of discharges—a 
counter-opening being made if necessary ; and 2. The preven-
tion of inflammations in order that the wound may heal, as far 
as possible, by first intention. His dressing was a piece of dry 
lint next the wound, and outside this a ' pledget spread with a 
soft easy digestive.' As the result of this treatment in com-
pound fractures, wounds of joints, &c., he thinks that the 
patient has the best chance by immediate amputation. Thus 
Bilguer, by his piles of dressings, but these acting more or less 
completely on aseptic principles, regards compound fracture as 
a much more favourable accident than does Percival Pott with 
his simple non-antiseptic dressings. 

Towards the end of this century, the evil influences of air 
on wounds was brought very prominently forwards, more espe-
cially in England. About this time PHINGLE 2 published a work 
on the diseases of the army, in which he speaks of diseases 
arising in consequence of foul air, and narrates a series of ex-
periments made with various antiseptic substances. 

In 1 7 8 4 BENJAMIN BELL 3 published his treatise on the theory 
and management of ulcers, in which he speaks very strongly 

1 Chirurgical Works, edited by Sir James Earle, 1808. 
2 Observations on the Diseases of the Army, third edition, 1761. 
3 Treatise on the Theory and Management of Ulcers, 1784. 

of the bad effects of air: ' The bad effects of air,' says he, < on 
every species of sore are well known to every practitioner, but 
its pernicious influence on a newly opened abscess is often 
really astonishing. It first occasions a total change in the 
nature of the matter, from perhaps a very laudable pus to a 
thin ill-digested sanies, and afterwards brings on a quickness of 
pulse, debilitating sweats, and other symptoms of hectic fever, 
which for the most part, when the collection has been con-
siderable, either carries the patient off in a short time, or ter-
minates in a confirmed phthisis, which sooner or later proves 
fatal.' How air acts he does not know, but he thinks that it 
may stimulate the absorbents to greater absorption of pus, 
'and it may likewise, by rendering the matter more putrid than 
before, give even to the same quantity greater activity in pro-
ducing the different symptoms of hectic.' On this principle 
(of preventing putridity) he would account for the operation of 
many of the remedies commonly employed at that time in the 
treatment of sores. As a means of avoiding all these dangers 
he recommends the introduction of a seton into an abscess' 
and he thinks that the progress of cases so treated is better 
than that of those in which the abscess is laid freely open. In 
hydrocele, however, he found that the use of the seton was 
followed by great pain and constitutional disturbance. From 
«hat has gone before it will be readily understood why such 
disturbance resulted, and also that, in the case of the abscess, 
no real benefit was derived. 

Benjamin Bell also used leaden drainage tubes. In incised 
wounds, after bringing the edges together, he applies 'no 
dressings except a thin covering of soft lint to protect the 
parts beneath from cold, and to keep out the air.' 

He is always reiterating the statement that ' nothing proves 
m ie hmt U1 to sores than exposure to the air ; ' and he directs 
H T l ° . f C U d i n g t h e a i r e l o s e l J applied ointments, &c. 
he i s t w d i S a ? r ° U S r e S U l t S ° f W 0 U D d s o f J ' - t s , and 
such Tmany a u t h o r s a d v i s e immediate amputation in 
fe " T i , ? Sma11 w o u«ds, however, he draws down the 
opening § * * ^ & ^ 0 S i t i 0 n a s t o ™ k e a valvular 

He proposes a valvular incision for the removal of cartilages 
x 



from joints where the cartilages are quite loose, but where they 
are attached to any part of the synovial membrane, and 'the 
pain is insupportable, he would advise amputation as 'less pain-
ful as well as less hazardous.' 

Similar views as to the bad effects of air on wounds were 
expressed by HUGH MUNRO 1 ( 1 7 9 2 ) ; and he agrees with Bell in 
attributing the disastrous consequences following wounds of 
joints and incisions into psoas abscesses to the entrance of air 
and the putrefaction of the discharge. 

ALEXANDER MUNRO 2 (1788) had previously written on the 
bad effects of air on serous sacs, but he thinks the coldness of 
the air is their chief cause. 

JAMES LATTA 3 ( 1 7 9 5 ) gives the teaching of the Edinburgh 
school, which is essentially that of Benjamin Bell. He says that 
the admission of air into abscesses ' is immediately attended 
with symptoms of putridity ; the pus, which at first was white, 
thick and free from any fcetor, becomes instantly thin, foetid, 
and corrosive ; a quick pulse and hectic sweats come on, from 
which the patient scarcely recovers, if the collection of matter 
has been very large.' 

In the ENCYCLOPÉDIE MÉTHODIQUE ( 1 7 9 0 ) Alexander Munro's 
idea as to the coldness of the air being the injurious factor is 
upheld, but, at the same time, the impurity of the air is also 
brought forward, and an attempt is made to prove its influence 
by citing the different results of amputations in town and 
country. 

The advocate of the bad effects of air who succeeded 
in turning his views to the best account was, however, 
ABERNETHY4 (1793). He first points out in his 'Essay on 
Lumbar Abscesses ' that ' whilst the condensed cellular sub-
stance which forms the cyst of an abscess remains entire, it 
continues free from inflammation, and the contained pus suffers 
no putrefaction, nor evident alteration of quality ; . . . when-
ever the abscess is opened, either by ulceration or by the hand 
of the surgeon, a sudden and generally considerable inflamma-
tion extends over the whole cyst. This is followed by a copious 

1 A Compendious System of the Theory and Practice of Modem Surgery, 
2 Bursa; Mucosa, 1788. 3 Practical System of Surgery, 1795. 
1 Surgical and Physiological Essays, 1703. 

discharge of frequently feticl pus.' Abernethy's writings are so 
well known, and so well worthy of perusal, that it is unnecessary 
for me to discuss them in detail. His principle of treatment 
was to reduce the size of the cavity to as small dimensions as 
possible by successive tappings of the abscess, and when this 
was done, the remaining sac was opened. This method was 
first carried out by drawing off the pus by means of a trocar 
and canula, but that was soon abandoned for a valvular incision 
Several cases are recorded which clearly show the advantages of 
the method. ° 

In investigating the reason why air does harm, Abernethy 
discusses the views as to whether it is on account of some 
irritating property which it possesses, or by causing putrefaction. 
He concludes, from observation of the phenomena seen in em-
physema, and also from Astley Cooper's experiments, in which 
he inflated the abdomen with air without causing any harm 
that the first supposition cannot be correct. Nor does he 
thmk that it is the putrid matter which does the harm for ' if 
the matter had only an incomplete discharge, if it was confined 
in a state of putrefaction, and thus applied to the surface of 

the o S 1 ' S U r e l y r U l d b e i n S O m e d e § T e e ^ u s , but « the outlet m general is. sufficient, and as the former matter 
^ h e d away by that which is newly secreted, this is not 
artfv I ° m m - n °C C U , T e n C e - ' H i s belief is that it is 
S r t P m n 7 " 1 J U r y t ° t h G C y s t W h e n * i s opened, but 

f | f C O n s t a n t a<*ion of the air. ' T h e circumstances 
however, he says, 'are different' (from those in Astley Cooper's' 

' W h e U , ? e , ™ i s P — t , a constant 
r z 1 18 P T '' a n d t h e R a t i o n of a matter so 
um^al to these surfaces, I am inclined to believe, does harm.' 
(1880\t J X Z ° V h e T h e ° r y a n d P l ^ t i c e of Surgery' 

ound)s vi1 I " ° b j e C t S t 0 b e a i m 6 d a t i n t h e treatment of 
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w e s f r e : ; t x ; i er'he covers them ^ -

The dangers of air, and the advantages of the valvular x 2 



method, were accepted by the leading German writers of this 
period. 

.JOIIANN CHRISTIAN ANTON THEDEN 1 ( 1 7 9 5 ) used a lotion for 
wounds, consisting essentially of sorrel water and alcohol. He 
speaks of washing out wounds with warm wine, then bringing 
the edges together, and applying compresses soaked and kept 
moistened in this lotion. He does not regard wounds of joints 
as so dangerous as other writers have made them out to be; and 
he mentions a case of compound fracture of the olecranon from 
a sword cut, in which there was but little fever and discharge, 
and the joint was ultimately only somewhat stiff. Three cases 
of removal of loose cartilages from the knee-joint are narrated. 
Pressure was made during the operation so as to prevent the 
entrance of air, and then his lotion was applied. Two cases 
did well, the third patient got a 'malignioses Fieber' after the 
operation, and died. Theden does not think that this bad 
result was a consequence of the operation. 

AUGUST G-OTTLIEB EICHTER ( 1 7 9 9 ) 2 advocates the free re-
moval of pus by counter-openings if necessary. He used various 
digestive ointments, and rather tended to the old style of stuffing 
an open wound without employing any special antiseptic means. 
It is interesting to note that with him the question of amputa-
tion in gunshot injuries and compound fractures is brought 
prominently to the front. He fears an absorption of pus, if 
attempts are made to save the limb, and this absorption is, 
according to him, always followed by death. He advocates 
Abernethy's method of opening lumbar and psoas abscesses. 

These views as to the bad effects of air on wounds and in 
abscess cavities were not allowed to pass unchallenged, and 
were especially objected to by John Hunter and John Bell. 

JOHN HUNTER ( 1 7 9 2 ) 3 ascribes the bad consequences follow-
ing a wound to the injury itself, and not to the action of the 
air. A disposition in the part to inflammatory action may also 
be superadded. In speaking of the view that air is a cause of 
suppuration, he says : ' Various have been the opinions on this 

1 -Vcue Bemerkungm und Erfahrungen zw Bereichervng tier Wnndamm-
kunst, 1795. 

'' Anfangs-griinde der Wundwrzncikwnst, 1799. 
* -Mtn Hunter's Works, Vol. III., edited by F. Palmer, 1835, 

subject' (the question of inflammation in wounds) ; 'and as every 
violence committed from without, under the circumstances 
before mentioned, is exposed more or less to the surroundin g 
air, the application of this matter to internal surfaces has 
generally been assigned as a cause of this inflammation ; but ail-
certainly has not the least effect upon those parts, for a stimulus 
would arise from a wound were it even contained in a vacuum. 
Nor does the air get to the parts that form circumscribed 
abscesses, so as to be a cause of their formation ; and yet they 
as readily suppurate in consequence of inflammation as exposed 
surfaces. 

'Further, in many cases of emphysema, where the air is 
diffused over the whole body, we have no such effect—and this 
air not the purest—excepting there is produced an exposure or 
imperfection of some internal surface for this air to make its 
escape by, and then this part inflames. Nay, as a stronger 
proof, and of the same kind with the former, that it is not the 
admission of air which makes parts fall into inflammation, we 
find that the cells in the soft parts of birds, and many of the 
cells and canals of the bones of the same tribe of animals, 
which communicate with the lung, and at all times have more 
or less air in them, never inflame ; but if these cells are ex-
posed m an unnatural way, by being wounded, &c., then the 
stimulus cf imperfection is given, and the cells inflame, and 
llte&f a l l o w e d ' b u t i f Prevented they then suppurate, granu-

'The same observation is applicable to a wound made into 
the cavity of the abdomen of a fowl, for there the wound in-
flames and unites to the intestines to make it a perfect cavity 
again ; but if this union is not allowed to take place, then more 
or less of the abdomen will inflame and suppurate. 

'If it was necessary that air should be admitted in order for 
suppuration to take place, we should not readily account for 
suppuration taking place in the nose from a cold, as that part 
« not more under the influence of air at one time than at another ; 
nor is the urethra in a gonorrhoea affected by the air more at that 
tmie than at any other; these parts being at all times under the 
same circumstances with respect to air. Therefore, there must be 
another cause.' Truly there is another cause, as has been 



already demonstrated, but not the one John Hunter supposed 
as we shall see when we consider the results of subcutaneous 
injuries and subcutaneous operations. 

John Hunter's treatment of wounds is very simple. He 
wished to allow nature to perform her work herself, simply 
applying poultices or ointments to allow the protecting dress-
ing to come off easily. 

It is in his views on healing by scabbing that we are mainly 
interested. He observed that when blood dried on a wound 
that wound often healed without suppuration ; and hence he 
concluded that a scab was an obstacle to suppuration, chiefly 
because it precludes the necessity for the formation of discharge 
to act as a covering for the exposed surfaces. He considered 
that it was the best practice to let superficial wounds scab 
over. Many deep-seated wounds also, where the deep parts 
are in contact, may be allowed to scab. This ought likewise 
to be done in eases of compound fracture with a small external 
wound. In large wounds this formation of a scab did not 
always succeed, but he did not think that there was any danger 
in trying to get it. In such cases the crust formation could 
be aided by the sprinkling of powders over the surface, such as 
chalk or làpis calaminaris. Where suppuration occurred under 
the crust, he did not even then remove it in the first instance, 
but pressed out the pus in the hope that the remainder might 
dry up. When, however, it was evident that harm was being 
done, he applied poultices and removed the crusts. 

JOHN BELL 1 likewise denied that the bad results of wounds 
were due to the admission of air. In the edition of his ' Prin-
ciples of Surgery,' edited in 1826 by Charles Bell, he opposes 
strongly the idea that air can in any way cause inflammation, 
and he criticises severely Munro's book on the ' Bursœ Mucosa.' 
He points out that in the case of abdominal wounds or of psoas 
abscesses air cannot enter the cavity. He further adds : ' That 
the air which we breathe, and which we feel upon the surface 
so bland and delightful, should have so opposite a relation to 
the internal parts, that it should there be a stimulus more 
acrid and more dangerous than the urine or bile, is not to be 
believed upon slight grounds : this misfortune of inflammation 

Principles of Surgery,, edited by Sir Charles Bell, ]826. 

running so quickly round all the surfaces of shut sacs, where-
ever they happen to be wounded, proceeds altogether from 
another source, simple and plain to the last degree. For, in 
the wound of any shut cavity, where the parts do not adhere, 
the inflammation spreads and runs its course by a law of the 
animal economy, which we explain very ill when we call 
adhesion, the adhesive stage of inflammation, representing, as 
the first stage of a most dangerous disease, that adhesion which 
is a natural and healthy action, the most natural in all the 
system, and the farthest from disease. Thus, in a. wound of the 
breast or belly, in a joint, or in any shut sac, if the parts, being 
neatly laid together, should once adhere, then there is no 
Swelling, no pain, no formation of matter, the parts are well 
and sound in the very moment in which they adhere; thus it 
is sometimes in narrow or slanting wounds. But if the wound 
be broad and open, or if the least thing keeps the lips apart 
from each other, or if they run into inflammation, then the lips 
turn away from each other, matter forms, the wound inflames, 
and not the wound only, but also the wounded cavity inflames' 
so that if it be in a vital part, the man dies.' 

In speaking of compound fractures and dislocations, after 
citing the opinion of French surgeons, chiefly Palfln and 
Duvemey, that amputation should always be performed, he says: 
' We do net comply with any such barbarous rule; . . . we know 
that nature will do wonders, but they are wonders, and we 
never enter upon the attempt of preserving a limb thus desper-
ately fractured without awful hesitation, and when we do venture 
to dilate the wound, and push back the bones, or saw them 
oft, we feel all the responsibility of what wc have just done.' 

Of wounds of joints he similarly says:1 < We here pronounce 
°P m i o n w h i c h w e have too often to deliver in common 

Practice, that openings into inflamed joints are fatal; and though 
there are in every book cases of anchylosed joints, we cannot 
orget that for one that has escaped by anchylosis, thousands 

nave died. Such are the results of his treatment, founded on 
e Vlews we have quoted. 

He says, with regard to the methods of treatment: ' When a 
modern surgeon allows himself to talk about the mundifying, 

' Discourses on the Nature and Cure of Wounds, 1812. 



incarning, and cicatrising of wounds, or directs how to fill the 
wound up with good and sound flesh and keep it to a fair and 
even level with the adjacent skin, he but proclaims hi own 
ignorance of the properties of the living body.' What we have 
to do, is to ' save the patient from immediate bleeding, and to 
lay the wounded parts so cleanly, so neatly, and so evenly in 
contact with each other, that they may adhere. The rest we 
leave to nature.' 

SIR CHARLES BELL,1 although imbued with his brother's 
teaching, recommends the valvular method in removing loose 
cartilages from the joints, and states that where the cartilage 
has escaped into the joint during the operation, the consequences 
are generally disastrous, on account of the exposure of the joint 

Such is a short abstract of the views held by the greatest 
surgeons of our country as to the effects of air on wounds; but 
whatever conclusions were come to, the good results of Aber-
nethy' s valvular method were so evident that it was generally re-
commended. As we have seen, Kichter and Theden, and, I may 
also say, ARNEMANN,2 adopted and advised it ; and SAMUEL 
COOPER3 (1807) says of it : ' I must consider it in the present 
state of surgery as the only one warrantable.' Cooper also 
recommends a valvular incision for the removal of loose carti-
lages. He does not think that the situation of the incision, a 
point on which great stress was laid by some at that time, is of 
any consequence, but he makes it in a valvular manner, brings 
the edges of the wound accurately together, and keeps the 
limb extended, and completely motionless. He considers that 
the dangers of such operations have been much exaggerated, 
' hut, making every allowance for the influence of prejudice, a 
man must be very sceptical indeed who does not consider the 
wound of a large joint like that of the knee attended with 
real cause for the apprehension of danger.' 

In 1 8 0 8 JOHN PEARSON4 wrote against Abernethv's method 
of opening psoas abscesses, and in favour of allowing them to 
burst. He says: ' The instances of those who perfectly recove; 
from the empyema psoadicum are few in number when com-

1 Principles of Surgery, edited by Sir Charles Bell, 1826. 
2 System der CMruryie, 1798. 3 Treatise on the Diseases of Joints, 1807. 
' Principles of Surgery, 1808. 

pared with those to whom it proves fatal.' That his residts 
were not so good as those obtained by Abernethy's method is 
evident from his description of the course of psoas abscess. 
He says : ' Whether the abscess be opened artificially, or be 
permitted to open by a spontaneous rupture, a very large 
quantity of purulent matter, of the density of good pus, but often 
inclining to a cineritious colour, is generally evacuated from its 
cavity. The daily discharge of pus also greatly exceeds the 
quantity that might be expected from a tumour of that apparent 
magnitude. The sore frequently puts on a scrofulous aspect 
all the hectical symptoms increase, and the patient is gradually 
destroyed.' 

LEVEILLE 1 ( 1 8 1 2 ) advocated the direct incision for removal 
of loose cartilages. 

In America W M . GIBSON 2 ( 1 8 2 4 ) advised valvular incisions 
in operations for removing loose cartilages from joints He 
recognised, however, that 'wounds of the larger joints are 
among the most dangerous accidents in surgery ; ' and the same 
may be said of those'wounds of the smaller articulations, trivial 
m the eyes of the surgeon, but, in defiance of all calculations, 
sometimes followed by tremendous symptoms, and even death.' 

SIR ASTLEY COOPER3 ( I 8 L 9 and 1 8 2 7 ) does not seem to 
have expressed any definite opinion on the effects of air on 
wounds. His method of dressing consisted in applying a piece 
of hut dipped in blood along the line of incision. This 
was fixed by strapping. A cooling lotion was used if there was 
much inflammation. I may mention here his views on wounds 

joints. He advocates immediate and close union of the 
wound m the skin. Then he applies lint dipped in blood, and 
ove this strapping. He covers the knee with linen soaked in 

scdution of acetate of lead and spirit and places the limb on a 
• M As instances of improper treatment, he says : 4 ' If the 
1 rent has a poultice applied, or if the utmost attention be not 

synovial 6 " n r e a t e Cl0Sm"e ° f t l l e w o u n d ' inflammation of the 
ynovial membrane arises, and suppuration ensues. In young 

^ hour elle Doctrine ChirwrgicaU, 1812. 

' T',c *HnciTles and Practice of Surgery, 182-1. Un Dislocations, 1819. 
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and healthy constitutions, these wounds in the largest joints are 
recovered from, but in the aged and weak they destroy life. 
Recovery from these injuries, when inflammation has followed 
is by adhesion, so as to destroy the synovial surface, or else by 
granulation, when a partial or general ossifie anchylosis is the 
result.' 

LARREY 1 ( 1 8 2 9 ) does not believe that it is so much the pene-
tration of the air into the joint—for that very often does not 
occur—as the accumulation of blood and consequent tension 
which give rise to the bad symptoms. 

BOYER 2 ascribes the bad results of wounds to the action of 
air on them ; but he also considers that putrid pus is a bad 
application. His method of treatment- was accordingly to apply 
masses of charpie over the wound in the first instance, and to 
leave this dressing on for several days. In this way he excluded 
the air till granulations had formed, and he looked on them as 
sufficient protection of the wound against the influences of the 
air. He therefore afterwards changed the dressings frequently, 
in order to remove the putrid pus. 

I need not go over his results in compound dislocations, 
wounds of joints, &c. So far as they are given, they do not 
differ essentially from the results of others. Thus six cases of 
wounds of joints are detailed, of which four died, and Phil. 
Boyer, wdio edits the work, refers to ten cases, all of which ended 
unfavourably. 

I have included a few writers of the present century along 
with those of last century, because they merely speak of results 
obtained by methods practised at that time. The whole facts 
as yet stated may therefore be taken as showing the state of 
surgery up to the year 1809. 

Let us now methodise the results as yet obtained from an 
antiseptic point of view. 

The bad effects of the air, down to Priestley's discovery, 
were generally supposed to be due to the temperature of the air. 
Paré and others had, however, as we have seen, added to this 
view the further supposition that it carried miasms to the 

1 Clinique Chirurgicale, 1829. 
2 Traite des 'Maladies Chirurgicales, &c„ edited by P. Boyer, 1814. 

wound; while Benjamin Bell first spoke of the bad effects of 
the gases, more especially of the ' fixed air.' We shall see 
that this latter view has been more developed in recent times 

Others, looking on the putrefaction of the discharges as a 
potent source of evil, attempted to prevent this by the appli-
cation of various balsams and other antiseptics - and, in two 
instances (Colbatch and Bilguer), with very great success. 

Many surgeons, however, saw in the better results of their 
tune merely the effect of simplification of dressings, and act-
ing on this idea, they reduced their dressings to a minimum 
Among those who held this view, and who have not been men-
tioned, were LOMBARD ' and PERCY,2 who, in 1785, learned from 
an Alsatian that he had an infallible remedy for wounds. This 
turned out to be river water used along with certain magic 
utterances. Percy arid Lombard employed water henceforth 
m various ways, and became enthusiastic in its praise 

' A v L u f r J ™ V ° N ^ P U b I i s h 6 d a l i t t l e b 0 0 k t i t l e d Avis aux Chirurgiens, pour les engager a adopter une methode 
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Anwendung dieser Grundsätze werdet ihr den Kriegern unend-
liche Schmerzen und dem Staate Millionen ersparen.' 

Yon Kern's method, which was essentially water dressing 
—a septic dressing—and which I mention chiefly as a matter of 
history, was adopted by VON WALTHER in Bonn, and by FRITZE 
in Prague. It was brought to England more especially by 
LISTON, and up till 1 8 6 0 was pretty generally adopted in this 
country. 

It did not spread much in France ; and here is ROCHABD'S 1 

explanation, which is well worthy of careful attention : ' Si ce 
mode de traitement, si rationnel et si économique, n'a pas pu 
se généraliser en France, cela tient surtout aux conditions hygié-
niques des hôpitaux de nos grandes villes. Les Anglais, plus 
favorisés que nous, ne voient pas l'infection purulente incessam-
ment suspendue sur la tête de leurs malades, et c'est cette menace 
qui a de tout temps préoccupé les chirurgiens de Paris. Les 
pansements à Vécut ne leur ont pas offert contre elle une 
garantie suffisante ; il fallait des préservatifs plus certains,2 

ou qui du moins parussent l'être, et à l'époque à laquelle nous 
nous reportons (1860) ils se livraient à cette recherche avec une 
ardeur et une fécondité d'imagination des plus louables.' 

In the further history of this subject we must, up till quite 
recent times, confine our attention to the progress of wound 
treatment in other countries. In England, where better 
hygienic conditions prevailed, this subject was almost entirely 
neglected ; and the chief aim of the surgeon was to perfect the 
methods and instruments for operating, and to attain great 
speed and dexterity in the performance of operations. 

1 Histoire de la Chirurgie Française, 1875. 2 The italics are mine. 
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CHAPTER XV. 

HISTORY OF ANTISEPTIC SURGERY— {wMnxted). 

History of the various methods. Incubation: Guyot. Subcutaneous surgery, 
preliminary attempts : Stromeyer: Dieffenbach : Jules Guerin: Langen-
beck : Other authors. Occlusion : Jules Guerin : Chassaignac—Rochard's 
remarks : Pansement ouate—Alphonse Guerin, method and results—Oilier. 
Substitution of various gases for air : Demarquay and Leconte. Open 
Method: Bartscher and Vezin: Burow : Humphrey. Healing by scabbing: 
John Hunter: Neudorfer: Bennion: Lister: Bouisson : Bonnet, etc. 
Irrigation and the water-bath: early history: Josse: Berard: Mayor: 
Amussat: Langenbeck : Valette. 

WE must now trace the different modes of treatment to which 
the ideas as to the cause of the bad effects which often follow 
wounds have given rise. 

Incubation. 

As has been already mentioned, the view for a long time was 
that it was the cooling and drying effect of the air on the wound 
which had to be guarded against. Since Priestley's discovery 
this idea has been more or less abandoned; but in 1835 and 
ater, M . JULES GUYOT ' studied the effects of cold, and attempted 
to found a method of treatment on his views. Guyot adduces 
evidence from Pare and Larrey to shew that wounds cicatrise 
most rapidly in warm air. Larrey, in his ' Campagne d'Egypte,' 
states that the wounds in that hot climate cicatrise with as-
tonishing rapidity; and in his 'Campagne d'Allemagne' he 
makes the opposite remark as to the deleterious effects of 
cold. Guyot accordingly made a series of experiments on ani-
mals, and found that when wounds were kept at a temperature 
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184°;andZ* ^ Trait«' 



Anwendung dieser Grundsätze werdet ihr den Kriegern unend-
liche Schmerzen und dem Staate Millionen ersparen.' 

Yon Kern's method, which was essentially water dressing 
—a septic dressing—and which I mention chiefly as a matter of 
history, was adopted by VON WALTHER in Bonn, and by FRITZE 
in Prague. It was brought to England more especially by 
LISTON, and up till 1 8 6 0 was pretty generally adopted in this 
country. 

It did not spread much in France ; and here is ROCHABD'S 1 

explanation, which is well worthy of careful attention : ' Si ce 
mode de traitement, si rationnel et si économique, n'a pas pu 
se généraliser en France, cela tient surtout aux conditions hygié-
niques des hôpitaux de nos grandes villes. Les Anglais, plus 
favorisés que nous, ne voient pas l'infection purulente incessam-
ment suspendue sur la tête de leurs malades, et c'est cette menace 
qui a de tout temps préoccupé les chirurgiens de Paris. Les 
pansements à Vécut ne leur ont pas offert contre elle une 
garantie suffisante ; il fallait des préservatifs plus certains,2 

ou qui du moins parussent l'être, et à l'époque à laquelle nous 
nous reportons (1860) ils se livraient à cette recherche avec une 
ardeur et une fécondité d'imagination des plus louables.' 

In the further history of this subject we must, up till quite 
recent times, confine our attention to the progress of wound 
treatment in other countries. In England, where better 
hygienic conditions prevailed, this subject was almost entirely 
neglected ; and the chief aim of the surgeon was to perfect the 
methods and instruments for operating, and to attain great 
speed and dexterity in the performance of operations. 

1 Histoire de la Chirurgie Française, 1875. 2 The italics are mine. 

CHAPTER XV. 

HISTORY OF ANTISEPTIC SURGERY— {wMnxted). 

History of the various methods. Incubation: Guyot. Subcutaneous surgery, 
preliminary attempts : Stromeyer: Dieffenbach : Jules Guerin: Langen-
beck : Other authors. Occlusion : Jules Guerin : Chassaignac—Rochard's 
remarks : Pansement ouate—Alphonse Guerin, method and results—Oilier. 
Substitution of various gases for air : Demarquay and Leconte. Open 
Method: Bartscher and Vezin: Burow: Humphrey. Healing by scabbing: 
John Hunter: Neudorfer: Bennion: Lister: Bouisson : Bonnet, etc. 
Irrigation and the water-bath: early history: Josse: Berard: Mayor: 
Amussat: Langenbeck : Valette. 

WE must now trace the different modes of treatment to which 
the ideas as to the cause of the bad effects which often follow 
wounds have given rise. 

Incubation. 

As has been already mentioned, the view for a long time was 
that it was the cooling and drying effect of the air on the wound 
which had to be guarded against. Since Priestley's discovery 
this idea has been more or less abandoned; but in 1835 and 
ater, M . JULES GUYOT ' studied the effects of cold, and attempted 
to found a method of treatment on his views. Guyot adduces 
evidence from Pare and Larrey to shew that wounds cicatrise 
most rapidly in warm air. Larrey, in his ' Campagne d'Egypte,' 
states that the wounds in that hot climate cicatrise with as-
tonishing rapidity; and in his 'Campagne d'Allemagne' he 
makes the opposite remark as to the deleterious effects of 
cold. Guyot accordingly made a series of experiments on ani-
mals, and found that when wounds were kept at a temperature 

e t l t ? n T G i n t a U S d C Mideei™>VoL VIII. 1835. See also Be V.Incubation 
184°;andZ* ^ C^dansU Traits-



of about 35° C., they healed with great facility, and much more 
rapidly than similar wounds left exposed to the ordinary tem-
perature. 

He applied this method to wounds in man. His object was 
to surround the part with a uniform and sufficiently elevated 
temperature (about 36° C., and not below 28°-30° C.) He en-
closed the wounded part, without any dressing, in a box, into 
which a current of warmed air was constantly introduced through 
a pipe. The box had glass sides, so that the wound could be 
always seen. This treatment was continued for from ten to 
twenty days. At first there was a very abundant serous dis-
charge and by-and-by pus. The pus dried up, forming crusts, 
which were removed every two or three days. Guyot says that 
wounds thus treated heal more rapidly than by any other 
method, and also that wounds, such as some forms of ulcers, 
which refused to heal at the ordinary temperature, healed 
readily at a temperature of 36° C. 

This method only merits the term antiseptic to a limited 
extent, No doubt the heat made the discharge more concen-
trated, and possibly unfit for the growth of organisms, while at 
the same time mechanical rest was obtained. Nevertheless, the 
method did not fulfil the expectations of its introducer, and, 
partly for that reason, and partly also because it was so 
unwieldy, it has been completely abandoned. 

Subcittcmeous Surgery. 

A much more important outcome of the idea of the bad 
effects of the gases of the air was, however, the introduction of 
the SUBCUTANEOUS,method—a method which has maintained its 
place up to the present time and will probably always continue 
to do so to a certain extent. 

Already in the last century, and indeed earlier, the founda-
tion of this method had been laid. DELACROIX and ANEL, by 
their methods of aspirating cavities containing blood or pus, 
and more especially ABERNETHY, by his valvular incisions into 
abscesses and into joints, had earned out the principle more or 
less completely. Nevertheless it is to the introduction and 
practice of subcutaneous tenotomy that we owe the spread of the 
subcutaneous method. 

In 1 8 0 7 , Sir CHARLES B E L I advised the subcutaneous 
division of the ligaments by means nf a cataract needle in cases 
of irreducible dislocation of the thumb. There seems .to be no 
evidence, however, that he ever put his suggestion into practice. 

The first real attempt at conducting an operation under the 
skin was made by DELPECH in 1 8 1 6 . ' Delpech, in spite of what 
has been thought and said to the contrary, performed the opera-
tion of tenotomy in this way in order to avoid the contact of 
the air with the divided tendon. Of the air he says : ' Cet agent 
était au moins un stimulant de plus qu'il paraissait prudent 
d'éviter ; c'est dans ce dessein que nous avons pratiqué notre 
opération, de manière à ne point intéresser la peau qui recouvre 
le tendon.' The old method of dividing tendons was to make a 
longitudinal incision over the tendon, expose and divide it. 
Delpech made a small incision on each side, introduced a narrow 
knife, and divided the tendon without exposing it. Unfor-
tunately suppuration occurred in his first case. 

Probably in this same year BRANSBY COOPER divided the 
tendo Achillis subcutaneously. 

In 1 8 1 7 , BENJAMIN BRODIE applied the same principle to 
a case of varicose veins, which he divided subcutaneously. 
This operation was at a later period revived by KICORD. 

ASTLEY COOPER, probably looking at division of tendons 
from the old point of view, objected to subcutaneous tenotomy, 
but he recommended subcutaneous division of contracted palmar 
or plantar fascia, and in 1 8 2 2 BRANSBY COOPER performed such 
an operation. Neither surgeon makes any remark about the 
principle on which these operations ought to be performed. 

In the same year ( 1 8 2 2 ) DUPUYTREN performed the first 
subcutaneous myotomy. The muscle operated on was the 
sterno-mastoid. The account of the operation is not pub-
lished, so far as I can find, by himself, and the accounts given 
m various works differ much. It seems, however, to have 
been a case of contracted sterno-mastoid in a female, and 
Dupuytren divided the muscle subcutaneously, not from any 
idea of excluding the air, but simply with the view of avoiding 
a large scar. Indeed Iris incision seems to have been more 
tnan an inch long, so that only part of the operation was done 

' Be I'Orthomorphie, &c., 1828-29. 



subcutaneously, and it was not at all performed on the sub-
cutaneous principle. 

In 1830 DIEFFENBACH1 speaks of Dupuytren's operation as 
having been frequently performed with success, and SYME, 
among others, repeated it in 1832 strictly subcutaneously. 

The various attempts at subcutaneous surgery which I 
have mentioned remained, however, in the main fruitless, till 
STROMEYER, and after him DIEFFENBACH, took up the subject. 

STROMEYER seems to have performed his first operation in 
1831, and his first publication was made in 1833.2 He only 
operated on tendons. The object of his operation is distinctly 
stated to be the exclusion of the air by making as small an 
incision in the skin as possible. He looked on suppuration and 
sloughing of the tendon as the consequences were air admitted. 
He improved Delpech's operation by omitting one of the 
incisions, simply making a single incision of sufficient size to 
permit the introduction of a narrow-bladed knife. In his 
'Beiträge zur operativen Orthopädie,' published in 1838, he 
narrates a great number of cases of division of various tendons 
throughout the body. 

DIEFFENBACH, who had been performing Dupuytren's opera-
tion pretty extensively, no sooner heard of Stromeyer's results, 
than he at once adopted the practice, and his publication in the 
' Archives générales de Médecine,' in 1835, narrating numerous 
cases, excited the greatest interest, and along with Stromeyer's 
results firmly established the method. 

The most important writer on the subject, though in no 
way possessing any claim as its originator, was undoubtedly 
JULES (TUÉRIN. Though, as I have said, not possessing any 
claim as originator of the method, he was the first to study, 
and describe accurately, so far as the state of science at that 
time permitted, the principles on which subcutaneous surgery 
was based, and thus he paved the way for the more general 
application of these principles. In his ' Méthode souscutanée,' 
published in 1841, he describes his views m detail, and gives 
a. number of results. His first operations were performed in 
1836, and in these he remarked the constant absence of in-

1 See also Ueber die Durchschneidung der Sehnen und Muskeln, 1841. 
2 Ueber Durchschneidung der Achilles Sehne. Rust's Magazin, Bd. 3!). 

flammation, and the rapid organisation of the wound. Com-
paring his results in this respect with the details given by 
Dieffenbach, Lisfranc and others, in which the frequent occur-
rence of inflammation and abscess is mentioned, he came to 
recognise the principles of subcutaneous surgery to the full or 
at least so far as they could be recognised in the then state of 
science. He was thus led to establish the following law • 
'That all wounds made subcutaneously, whatever be their seat 
and the nature of the tissues divided, possess the property of 
subcutaneous injuries of tendons, that is to say, do not inflame 
nor suppurate, but undergo immediate organisation.' Both on 
man andI animals he found that the most extensive wounds 
such as division of the great mass of the dorsal muscles, were 
not followed by any trace of inflammatory symptoms 

He indicates some of the applications to which this principle 
o making the wound under the skin may be applied. Of these 
the following are the most important: Incisions into serous 
pouches; subcutaneous incision of commencing inflammatory 
swellings; subcutaneous removal of exostoses, leaving the Z 
ached p o r t l o n t 0 b e a b b e d j o r t o b e r e m o v e d g he d 

of he bone; opening chronic abscesses; numerous myotomTe! 
and tenotomies of all kinds. myotomies 

About this time various operations other than tenotomy 
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surgery, he quotes the following passage from PAGET : < For of 
the two injuries inflicted on a wound, the mechanical disturb-
ance of the parts, and the exposure to the air of those that were 
covered, the exposure, if continued, is the worst. Both are apt 
to excite inflammation; but the exposure excites it most 
certainly, and in the worst form, i.e., in the form which most 
delays the process of repair, and which is most apt to endanger 
life.' 

As pointed out by Dr. Henry Dick,1 Jules Guerin, by his 
operation for removing exostoses, must be looked on as the first 
to operate subcutaneously on bones. LANGENBECK, however, is 
the man who has popularised subcutaneous osteotomy. The 
idea first occurred to him during the Schleswig-Holstein war, 
in 1848, where he had introduced small straight pointed saws 
for section of bones. His first operations were not strictly sub-
cutaneous, but in 1852 he practised subcutaneous operations for 
anchylosis of the knee, and he soon extended his method to the 
division of rickety bones. MEYER seems to have operated more 
perfectly for rickety deformities. GROSS, in 1859, performed 
osteotomy for deformity of the femur. This operation was 
followed by abscess at the seat of fracture, but the patient made 
a good recovery. 

In 1869 ADAMS 2 extended this principle to division of the 
neck of the femur for anchylosis of the hip-joint. 

Quite recently OGSTON has divided the internal condyle of 
the femur subcutaneously in cases of genu valgum. Ogston 
however always operates with strict Listerian precautions, but 
other surgeons still practise the operation subcutaneously, 
without bad result. 

Occlusion. 

Attempts have been made at various times to apply the 
supposed subcutaneous principle of the exclusion of gases in 
the treatment of wounds, not in the first instance subcutaneous. 
Thus have been produced the various methods of treatment by 
occlusion. We have already become acquainted with the at-

' Adams' Subcutaneous Surgery. 
* A New Operation for Bony Anchylosis of the ffip-joint, 1871 
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les accidents consécutifs des plaies doivent être à peu près 
inconnus dans les hôpitaux de Paris, puisque tous les chirur-
giens qui y pratiquent se flattent de les éviter sûrement par la 
méthode qu'ils ont adoptée; mais on ne sait que trop bien à 
quoi s'en tenir sur ce point, et quant à ce qui concerne les 
cuirasses de diachylon, Broca rappela qu'il avait vu mourir 
d'érysipèle à Lariboisière, et dans le service même de l'inventeur, 
une femme qui avait été pansée de cette manière, à la suite 
d'une ablation du sein. Chassaignac, du reste, ne tarda pas à 
modifier son traitement en y introduisant un élément nouveau, 
qui absorbe bientôt tout le reste : on comprend que nous voulons 
parler du drainage chirurgical.' 

Collodion was introduced in America in 1848, as an applica-
tion to the surface of the line of incision. 

In 1866,1 Jules Guérin developed his ideas further, and 
described a complicated apparatus for the purpose, not only 
of excluding the air, but also of removing the discharge. He, 
unlike Chassaignac, had failed in obtaining any very satisfactory 
results from the methods formerly described, and he thought that 
this was because, though the impermeable material was closely 
applied in the first instance, it soon became lifted up by the 
discharges from the wound, and thus air got in. Then he also 
feared that by that method there would be accumulations of 
discharge, and that if these became putrid, their presence would 
be worse than that of air. I need not enter into a description 
of his method, which consisted essentially in applying an appara-
tus fitting the limb closely, and from which the air was pumped 
out. In this way none of the gases of the air were in contact 
with the wound, while the discharges flowed freely out. He 
stated that in cases so treated there had been no inflamma-
tion, or the inflammation had been shortened and reduced in 
severity. , . lQ(,72 

An absolutely identical method was brought forward m m t 
by MAISONNEUVE, as something quite new. The only difference 
was, however, that, instead of pumping out the air once for all, 
he was continually pumping it out, and he called this 'Laspua-
tion continue.' 

1 Gazette Médicale. 3 Compta-rendus, Vol. LXV. 1867. 

LANNELONGUE also published a method, in which he used a 
double-walled india-rubber covering, and pumped air into the 
space between its walls. The inner sac, applying itself closely 
to the limb and the wound, prevented any air from coming in 
contact with the latter. 

There seems to be no doubt that whatever credit accrues to 
any one for the introduction of these methods is due to Jules 
Guérin ; and as the logical development of the view that the 
noxious agents in the air are the gases of the air, these 
attempts, with their failures, are of great interest and import-
ance. 

In spite of the glowing terms in which Jules Guérin spoke 
of his method, it was not found to be of any use in the hands 
of others, while, what is of more importance, it broke down in 
the hands of Guérin himself during the siege of Paris. In a 
discussion at the Academy of Medicine of Paris, in 1875, 
on Alphonse Guérin's cotton-wool dressing, Jules Guérin was 
asked about his results during the siege. He stated that at an 
ambulance (l'ambulance des ponts et chaussées), to which lie 
was attached, he had treated only wounds by his method, but 
wounds which would otherwise have led to amputation. He 
said that his success was great, and that Nélaton, hearing of 
it, asked him to apply his method to his (Nélaton's) amputation 
cases. He tried it in three cases, all of which died, just as the 
amputation cases treated otherwise did. Jules Guérin then 
says : ' Cette effrayante mortalité avait sa raison dans l'infection 
générale de l'hôtel, qu'il était impossible d'aborder sans en être 
averti par une odeur nauséabonde. . . . Je me borne à dire 
qu'en présence de telles conditions j'ai refusé d'étendre au-delà 
de ces trois sujets l'application de mes appareils au traitement 
des amputations pratiquées dans un milieu aussi profondément 
infecté.' These remarks are very interesting, as showing how 
useless this method was to protect against such accidents in 
situations favourable to their development, and also as showing 
how very little confidence M. Jules Guérin himself had in it 
when employed under unfavourable conditions. 

A more important method of occlusion, and one which yields 
much better results, is the ' Pansement ouaté,' introduced by 
ALPHONSE GUÉRIN in 1 8 7 1 . We have already seen (p. 2 8 0 



that this is really a method of occlusion, and not an aseptic 
method, as asserted by its author. 

The first publication was made by HERVEY 1 in December 
1871, and several details of the method and results are there 
given. I shall, however, refer to this paper later, and in the 
meantime take some facts from BLANCIIARD'S ' Thesis,'2 pub-
lished in May, 1872., 

The mortality during the siege of Paris was excessively 
great; indeed, ITervey says that from September, 1870, till 
February, 1871, A. Guérin only saved one case of amputation. 
Guérin, who had for some time held the view that the cause of 
pyasmia was a miasm carried by the air to the wound, came to 
look on this miasm as particulate, though in 1869 he seems 
to have regarded it as gaseous. Acting on the view that the 
miasm was particulate, he applied large masses of cotton-wool 
in the hope of excluding it by filtration. There are two other 
principles on which this dressing acts, which are mentioned by 
Blanchard, viz., elastic compression and constant temperature. 

In using this dressing, ordinary rolls of cotton-wool are em-
ployed, and cotton bandages. The cotton-wool is applied in 
such mass as to allow the most energetic compression without 
pain, say from a half to two kilogrammes of the wool. A region 
more extensive than the wound must be enveloped in it. 
The two precautions to which I have referred before must be 
attended to rigorously, viz. (1) the dressing must not be ap-
plied or renewed in the ward, but in an amphitheatre or room 
at some distance from the wards; (2 ) the cotton-wool ought 
not to be opened in the wards, because there the air is always 
more or less contaminated. Let us suppose that we have to 
deal with an amputation wound. The ligatures having been 
applied, are cut short; the wound is then washed with tepid 
water, in order to see the bleeding points, and afterwards with 
some antiseptic liquid such as carbolic or alcoholic water; the 
limb is then dried and the cotton-wool is laid over all the 
surface of the wound, new layers being applied till the stump is 
completely filled. The limb is now enveloped with rolls of 
cotton-wool as far as the upper part of the thigh. Then the 

1 Pmmmewt a. VOmte. Archives Genérales de Médecine, 1871. 
2 Etude stir le Pansement ovaté, 1S72. 

bandage is applied, at first lightly, but afterwards more and 
more firmly. When it is sufficiently tight, the cotton-wool 
will not yield any more, and the note on percussion is tym-
panitic. If the bandage gets loose, apply a new one. If the 
discharge comes through, apply more cotton-wool outside the 
dressing. If the smell is very bad, wash the dressing with 
camphorated alcohol, or with carbolic acid, or place pieces of 
camphor in the bed. As a rule the first dressing is changed 
twenty to twenty-five days after the operation. After removing 
the external layers, the deeper parts are moistened with water ; 
the wound is then washed with an antiseptic lotion, and a 
fresh dressing is applied. 

The advantages which are claimed for this method are— 
suppression of pain, absence of traumatic fever, diminution of 
suppuration, and ease in moving the patient. 

Blanchard states that during tire first period, i.e. from April to 
the end of June, 1871, forty-one cases of amputation and resection 
were treated in this way, and of these seventeen died. 

Deaths 
12 amputations of the thigh . . . . 6 
11 „ leg 6 
6 „ upper-arm. 
4 „ fore -arm . 
3 disarticulations at the shoulder-joint . . 0 
5 resections . . • • • 

41 1 7 

3 of these cases died of pyemia. 
2 „ tetanus. • 
1 amputation of the thigh, from secondary hemorrhage after 

twenty-seven days. 
1 septicemia? no metastatic abscesses; 
1 „ shock. 
1 „ an infant of two months : could not 

be fed. 
Of the remaining eight fatal cases some were not under A. 

Guerin's care, and, according to Blanchard, were not well attended to. 
Others died of pyemia, even after they left the hospital. 

In the following period there were :— 
1 amputation of the thigh Healed. 
1 „ great toe » 



1 amputation of the middle and first finger . . Healed 
1 „ index . . . . . 
1 resection of a finger . . . . . . 
1 „ metatarsal bone . . . . 
1 wound of hand 
1 „ index 
1 „ thumb 
1 „ extremities of middle and ring fingers . 
(Truly a formidable series of cases to aid one in coming to a de-

cision on the advantages of the method ! ) 

1 compound fracture of the radius . . . . Healed 
1 „ humerus . . . >t 
1 „ olecranon with opening of 

the elbow-joint . . f 

Further statistics are given by ITervey :— 
1 compound fracture near the knee. 

Resection, afterwards amputation, 
exhaustion . . . . . Death. 

1 amputation of thigh. High tempera-
ture and general unsatisfactory pro-
gress ; injection of quinine . . 

1 amputation of first metatarsal bone Healed. 

Under M. Panas at Saint Louis :— 
1 compound comminuted fracture of 

both bones of the leg. Gangrene, 
amputation, rigors . 

1 amputation of fore-arm for disease of 
wrist. Advanced phthisis; diarrhoea 
before operation . . . . 

1 amputation of the thigh for white 
swelling ; eight days later 

1 amputation of crushed foot 
1 „ lower third of leg for 

frost bite. Ulceration, necrosis, re-
amputation at seat of election . „ 

1 amputation (secondary) for crushed 
foot 

1 amputation of thigh (limb torn off) „ 

I give these statistics here, but I shall refer to them after-

Death. 

Sudden death. 
Healed. 

wards. Of course, in judging them, the infected state of the 
atmosphere must be taken into account. 

In this method no attempt was made to obtain primary 
union, but in 1875, at the discussion on this method of dress-
ing at the Academy,1 M. Guérin stated that he then stitched up 
his wounds before applying his dressings, and that he frequently 
got union by first intention. He said also, that in the Hôtel-
Dieu he had been having good results, but he does not give any 
statistics which can be used. 

At that discussion, Pasteur and others pointed out that this 
was not an aseptic dressing, that bacteria and their spores were 
present in the cotton-wool when applied, and could be readily 
found in the discharge. Gosselin, who opened the discussion, 
mentioned similar facts, and he ended by saying that the dressing 
was good—(1) 'parce qu'il met à l'abri de l'inflammation suppura-
tive trop intense; (2) parce qu'il satisfait à cette indication par 
sa grande qualité d'être un pansement rare, qui maintient, sans 
interruption, l'occlusion, la protection, l'immobilité, la tempéra-
ture uniforme, l'insensibilité, et la satisfaction morale, toutes 
conditions qui, si la santé antérieure n'est pas trop mauvaise, et 
si l'hygiène atmosphérique n'est pas trop défectueuse, condui-
sent à ce résultat très simple, et cependant bien grand, la 
formation rapide et sans étrave d'une membrane pyogénique ou 
granuleuse essentielle et promptement réparatrice.' 

Of late Guérin has wet the deeper layers of the wool with 
carbolic lotion, and indeed in some cases uses a spray, for what 
reason it is difficult to imagine. 

VEENEOIL 2 also speaks very highly of this dressing, and 
attributes its good results to the absolute immobility which is 
maintained, for by this means the granulation layer is pre-
served intact, and thus neither bacteria nor their products 
can enter the blood. 

That it is not an. aseptic method is evident from the whole 
description, and that it is not a very powerful antiseptic method 
is also evident. M. Yerneuil, whose good results I have just 
alluded to, says of it : ' Quelle que soit l'épaisseur des couches 
entassées, le bandage, au bout de quelques jours, exhale un 
odeur désagréable. Le pus qui baigne la plaie est d'une 

' Bulletin de l'Académie de Médecin, 1875. » Amputations, 1880. 



extreme fétidité. Il renferme en quantité des vibrioniens et des 
bactéries, dont la putridité existe dans les profondeurs du 
pansement ; et si les germes du dehors sont arrêtés au passage, 
ceux du dedans sont, emprisonnés et forment à la blessure une 
atmosphère constante. Et qu'on ne dise pas que les matières 
putrides intérieures sont d'autre nature que les autres ; car il 
résulte des expériences inédites de M. Poncet1 que le pus du 
bandage inoculé à des animaux a toutes les propriétés des 
matières septiques.' He alludes to the following fact of extreme 
interest : ' Un élève de mon service, très bien portant du reste, 
était dans ce cas. 11 était chargé du pansement d'un malade 
atteint d'écrasement des orteils, et qui était traité par l'ouate. 
Chaque fois que Vélève renouvelait le bandage, il était pris de 
malaise et de diarrhée presque subite, exactement comme 
lorsqu'il faisait la dissection ou l'autopsie d'un sujet putréfié.' 

M. OLLIER,2 who soon saw the defects in this dressing, tried to 
remedy them by soaking the deeper layers of the cotton-wool 
in carbolic oil. He also applied a silicate bandage outside the 
cotton bandage. In August, 1872, M. Poncet gave the results 
of this modification. Of 10 patients operated on, 4 died—2 of 
septicaemia, and one of hospital gangrene. 

In 1875, Oilier stated that he had got great benefit from 
this modification. He said that he had seldom seen a case of 
erysipelas ; indeed in one winter, when it was very prevalent, 
only one case dressed in this way had erysipelas, while among 
the wounds treated otherwise he had 22 cases. He also thinks 
that when pytemia appears under this dressing, it is of a mild form. 

Substitution of various Gases for Air, 

Other attempts were made to avoid the supposed evil 
effects of the gases of the air on wounds by substituting other 
gases for them. According to Pochard, these attempts were 
commenced in Clifton's laboratory while Humphry Davy was 
there. PERCEVAL, then INGENHOUSZ, BEDDOES, and JOHN EWART 
tried to utilise the analgesic properties of carbonic acid on ulcers. 
These attempts were renewed by MOJON in 1834-, and by 
SIMPSON a n d FOLLIN i n 1 8 5 6 . 

1 Lynn Mid., 1875. - Comptes-rendus, Vol. LXXX. 

Two years later DEMARQUAY and LECONTE 1 published a 
paper giving the results of an elaborate investigation on the 
effects of injecting various gases into serous cavities, or'into the 

' cellular tissue.. The gases with which they experimented were 
air, nitrogen, hydrogen, oxygen, and carbonic acid. They came 
to the conclusion that none of these gases had any hurtful 
action when injected into the peritoneal cavity, or into the 
subcutaneous cellular tissue. 

As to their effects on subcutaneous wounds, they state that 
subcutaneous tenotomy wounds into which cm- is blown everv 
day organise much in the same manner and after the same 
lapse of time as simple tenotomies: Oxygen alone, when intro-
duced daily, delays matters somewhat, but it never produces 
the abnormal vascular conditions caused by hydrogen. Hydro 
gen retards the healing for an indefinite time ; indeed healinâ 
may be incomplete even after seven and a half months. Carboné 
« ^ favours m a high degree the cicatrisation and organisation 
of the wounds and healing is complete in a much shorter 
space of time than if the wound were left to itself 

From the result of these experiments they devised an 

S T T * wounds in ccuitact only 
In 1859 they say of the results : 'Many 

patients affected with gangrenous ulcers, with diphtheritic 
wounds or with wounds in an unhealthy state having resisted h e 
ordinary methods of treatment, have been treated by T dm " 
more than two years in the surgical department of the « 

z z ; h e a l i d 
Démarqua v and^T +' ^ e x P e m n e » t s to those of 
S S 7J R 6 W C R E P E I W D * MALGAIGNEIN 1 8 4 4 

^ Z i l ^ J Z L T * c o n c l u s i o n t h a t " s 

VELmn l d i S 7 i i 0 U ° D t h e i n f l u e n c e o f a i r o n rounds in 1857 2 

S l d r d t h a t a s s u c h was deleterious, and said : < Il y 
o * r P m L U r J e 7 SUiSattaChé à dém°ntrei' ^ Valors! 

d é l L t u l T r r m i f c a n f c d i r e e t ' m f " s m m f H ^ omposiUons chimiques qu'il provoque dans les liquides. 

^Courte,rendus, Vol. XLIX . See also ^ * Pneurnatoloyie Méd. Paris, 
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Ce sont ces liquides, et non pas l'air, qui, altérés, dénaturés 
deviennent irritants pour les tissus qu'ils touchent.' 

Open method. 
While these discussions on the influence of the air, and 

these attempts to exclude the air from wounds, were going on 
in France, a method of treatment, apparently of the very oppo-
site character, was being employed in Germany with better 
results. I refer to the open method of treatment. 

Though Yon Kern and Walther's methods were simply the 
use of water dressing, yet many of their wounds were left quite 
open. But the first to use the open method properly so called 
were BARTSCHER and VEZIN. The account of their method and 
work is published in the ' Deutsche Klinik ' for 1856 by Dr. Vezin. 

Thirty years before that time (abouti 826) Dr. Bartscher asked 
Yezin to assist him at his first amputation of the thigh. After 
the operation, the dressings were applied, and the patient was 
left. During the night, bleeding having occurred, Vezin 
was called. He removed the dressing, and tried to find the 
bleeding point, but could not do so. He therefore concluded 
that the hemorrhage was due to the pressure of the dress-
ing, and accordingly he did not apply a new dressing, hut 
simply brought the edges of the wound together by means of 
strips of plaster. Next morning this plaster had slipped, and 
the wound was quite open. îso further dressing was applied, 
and the wound healed well. 

They soon found that wounds healed perfectly well, if left 
to themselves, without any interference on the part of the 
surgeon ; and ultimately they laid down the following as the 
best method :—Insert no stitches, apply no dressing, simplj 
throw over the wound a piece of linen to exclude the flies, 
and use a cage to keep off the bed clothes. The pillow on 
which the stump lies is changed daily, but no attempt is 
made to cleanse the wound. During the first fourteen days little 
progress is made. The wound becomes covered with crusts, 
which crack and let the pus flow out. Healing is generally 
complete in eight weeks. Their cases were treated in a small 
hospital, each patient generally having a room to himself in the 
first instance. 

Twenty-eight cases were treated in this way, with three deaths, 
consisting o f — 

14 amputations of the thigh . . . No death. 
6 „ leg . . . 2 deaths. 

(6 and 36 days after). 
4 „ upper-arm . . 1 death. 

(28 days). 
„ fore-arm . . No death. 

2 „ great toe, metatarsal „ 
The causes of death are not given. 

In 1859 BUROW 1 published his method, which differed from 
the other in that the wound was only left open for half an hour 
or so till all oozing had ceased. The edges of the wound were 
then brought together by means of stitches and plasters, and a 
piece of lint was laid over it to keep out the flies. The stump 
swells up enormously during the first few days, and Burow 
thought that this was a good thing. He says that healing is 
much quicker by this method than by any other. In 1866'2 he 
gives details of ninety-four amputations performed by himself 
or his pupils, with only three deaths. (Two further deaths 
are excluded, viz., one from tetanus which was present before 
the operation, and the other in which the patient lost a great 
deal of blood, and where Burow did not himself complete the 
after-treatment.) 

These cases were :— 
Amputation of thigh (upper third) 9 cases (1 death). 

„ „ (lower third) 12 cases (2 deaths), 
leg 18 „ 

„ metatarsal and tarsal 
hones . 7 „ 

„ close to shoulder . 4 „ 
„ upper arm (upper 

third) . . 5 „ 
„ upper arm (middle) 7 „ 
» „ (lower third) 7 „ 
„ fore-arm (upper 

third) 4 „ 
» „ (lower 

third) 24 „ 
1 Deutsche Klinik, 1859. * Deutsche Klinik, No. 24. 



In 1859 Burow discusses the causes of death in cases where 
dressings are applied. lie says that the bandages prevent the 
swelling of the soft parts which was so very noticeable in his cases. 
Plugs of blood clot of a certain size form in the veins. When 
the bandage is removed, the limb swells, and these plugs become 
too small for the veins, and may be carried away, and cause 
emboli and pyemia. Burow also refers to the bad practice of 
using unclean sponges, instruments, &c. 

In a later paper1 (1876) he speaks of his great success in 
excision of the mamma. He had operated on 53 cases dru-ing 
the last ten years, without a single death. In these instances 
however, he washed out the wounds immediately before stitch-
ing them up with a mixture containing chiefly acetate of 
alumina, which we now know to be a powerful antiseptic (see 
p. 139). He also dressed suppurating wounds with pledgets of 
lint soaked in this solution and covered with gutta percha; 
and he himself speaks of the powerful effect of the solution in 
arresting putrefaction. These cases were, therefore, not treated 
by the open method, but by the addition of an antiseptic 
substance to the discharge, in many cases, no doubt, by com-
plete exclusion of bacteria, i.e., on the Listerian or aseptic 
principle. 

The chief advocate of the open method in England has been 
Dr. HUMPHREY, of Cambridge, whose great success at the 
Addenbrooke's hospital is well known. In a lecture on the 
treatment of wounds without dressings (1867),2 he says: 'What 
is the great requisite—the sine qua non—for the immediate 
union of wounds ? Obviously, adaptation of the cut surface. 
Unless these are placed in apposition, they cannot easily unite. 
Hence the want of union is commonly proportionate to the 
want of apposition of the surfaces ; and one great object in the 
treatment must be to secure as exact an apposition of the cut 
surfaces as possible, and to reduce to the minimum all sub-
stances, blood, dressings, ligatures, &c., that may intervene 
between them, and keep them apart. In the case of small and 
superficial wounds, there is little difficulty about this. Some 
simple method answers, and they heal at once.' In large 
wounds, the edges are brought together by means of sutures, 

1 Archivfiir Klin. (Mr. X X . 2 British Medical Journal. 

and afterwards no application is employed with the exception 
of warm water dressing or poultices (rather opposed to the 
antiseptic element!), which are occasionally applied after a few 
days. 

On the influence of air on wounds, he writes: ' But I am 
sometimes asked, is it not better to exclude the air ? Is not the 
air a source of mischief ? Is not the well-doing of subcutaneous 
wounds due in great measure to the exclusion of the air ? To 
this I reply that it is certainly well to exclude air from the 
interior of the wound, where it keeps the surfaces apart, and 
promotes the decomposition of the fluids, and perhaps of the 
solids. On the surface of the wound, however, that is on the 
skin, it does not act as an irritant, and we should scarcely 
expect that it would. We have long been in the habit of 
leaving wounds of the face uncovered, and they usually heal 
remarkably well. Why should we not follow the same practice 
in other parts of the body? ' Humphrey used acupressure 
instead of ligatures. 

The open method was for a time pretty generally adopted in 
Germany and Kussia, and to Krdnlein's work on the subject I 
shall have to refer later. Of late, however, it has almost, 
entirely given place to one or other mode of treatment with 
antiseptics. 

Healing by Scabbing. 
As we have already seen at p. 279, this is a nearer approach to 

aseptic treatment than the open method. As I have previously 
stated (p. 3 1 0 ) , JOHN HUNTER made extensive use of this prin-
ciple in the case of small wounds. He sometimes applied 
various powders to aid the formation of the crust. 

Since Hunter's time numerous attempts have been made to 
carry out his principle of applying powders to aid the forma-
tion of crusts, but though they have answered very well in 
small wounds, they have not succeeded in large. Discharges 
collect beneath them, and tension is the result. 

Among the substances employed in this way, have been 
various antiseptics, and of these may be mentioned NEUDORFER'S 1 

powder. He uses salicylic acid, in the form of a powder, 
1 Die Chirwrgisohe Bchandlung dcr Wundcn, 1877. 



mixed with other substances, such as starch, zinc oxide, &c. 
He dusts the wound with the powder, and rubs it up with the 
fluids of the wound. Thus a mass is formed, which is again 
rubbed up with fresh powder till no more fluid comes; then 
over the whole some pure salicylic acid is applied, and a bandage. 
This crust is left on, and if on pressure on it some fluid exudes, 
more powder is applied. This is generally necessary five or six 
times during the progress of a case. This method is really only 
of use in small wounds. The objections to its use in large 
wounds are that the pain is great, the material is expensive, 
and there is very apt to be confinement of discharge. Neu-
dorfer states that there is no bad smell in the cases treated in 
this way. Among them he has had no bad case of pyaemia, 
hospital gangrene or tetanus. He cannot say much about 
erysipelas. As a rule, in the cases which were attacked, it was 
generally some other part of the body which was affected. 

Both JAMES MOORE and ASTLEY COOPER tried to obtain crust 
formation by means of charpie, and the same sort of method 
was employed by SYME. The latter surgeon, after bringing 
together the edges of the wound, covered it with a piece of 
dry lint, which was left on for several days. 

The combination of a piece of lint with an antiseptic was 
the method employed by BENNION of Oswestry. To quote 
Wm. Adams, who mentions this treatment in his publication in 
1857,1 Bennion's method in compound fracture was— 

' 1st. Immediate reduction; and in securing a good apposi-
tion of the fractured surfaces, he would frequently employ more 
force than many surgeons might think prudent, so that he very 
rarely had occasion to saw off any portion of bone. 

' 2nd. He cleared away all the blood from the wound, con-
sidering that it interfered with the reparative process, and 
brought the edges of the wound into apposition. He then 
covered the wound with a large bit of lint, saturated with 
compound tincture of benzoin, and bandaged the entire limb, 
firstly by itself, whilst extension was being kept up by an 
assistant, and then to a well-fitting splint adapted to the case; 
in the lower extremity he used a straight splint. 

' 3rd. He put the patient at once under the influence of 
1 Subcutaneous Surgery, 1857. 

opium, upon which he placed great reliance, and kept up its 
action for a considerable, time, according to the circumstances 
of the case. 

'4th- He never disturbed the first dressing or bandage, unless 
urgent symptoms indicated the necessity for so doing. If such 
symptoms did not appear, he would allow the first dressing to 
remain a month.' It seems that Bennion had some very re-
markable successes by this method. 

Mr. LTSTER'S first attempts to form a crust by means of 
carbolic acid have been already alluded to on p. 128. 

Crust formation has been aided by the drying of the dis-
charges. This occurred in GUYOT'S cases, though he did not 
aim at it. It was, however, the principle in the often miscon-
strued method of BOUISSON,1 the so-called 'ventilation of 
wounds.' Bouisson's method consisted in blowing air on to the 
surface of a wound by means of a caoutchouc bag. He generally 
directed the patient to do this himself. The ' ventilation' 
lasted a variable length of time, according to the extent of the 
surface and the quantity of fluid, A quarter of an hour 
generally sufficed for each stance, and this was repeated four 
or five times a day. The first crust which formed was rarely 
sufficiently thick or firm, but by-and-by the crust became of 
sufficient thickness, and when this was obtained, the ventilation 
was stopped. If the crust seemed to be confining the discharge 
and doing harm, it was softened and removed, and the process 
begun again. 

Such was Bouisson's method of obtaining a crust, and as 
this method has been often quoted as shewing what a slight 
effect atmospheric dust exercises on a wound, it is interesting 
to note the advantages he claims for it. These advantages 
are: 1. A sedative action. Bouisson says that the pain di-
minishes so much that the patients often continue the ven-
tilation for a long time. 2. Astringent action, so that the 
vessels are constricted and there is less tendency to inflam-
matory congestion. 3. Drying action, i.e. the formation of a 
crust. 4. This crust exercises a protective action, protecting 
the wound from the air, and also lessening the quantity of 
secretion, o. Antiseptic action: from the evaporation and 

1 Comjites-rcndus, t. 47, 1858. 



concentration of the fluids, decomposition cannot occur. He 
says : ' Le contact de l'air et de ce liquide ' (the discharges 
from a wound) ' sous l'influence de la chaleur animale déter-
mine la formation des produits putrides sulfhydriques ou 
ammoniacaux, isolés ou combinés, et leur abondance contribue 
à faire naître des phénomènes typhiques ou ataxiques chez ceux 
qui se trouvent placés dans ces fâcheuses conditions. La ven-
tilation des surfaces suppurantes a nécessairement pour effet 
de prévenir ou d'empêcher de pareils résultats, et l'on peut 
dire qu'à ce titre elle est autant un moyen d'hygiène générale 
dans les hôpitaux qu'un artifice local pom prévenir la resorption 
putride.' 

In his conclusions, in which he lays stress on the points 
already mentioned, he says that wounds and ulcers so treated 
heal sooner and with fewer accidents, either primary or second-
ary, than wounds treated with dressings, or with any sort of 
medicament. He lays special stress on the avoidance of danger 
from a septic state of the pus. He recommends the use of 
this method in all small or medium sized wounds, ulcers, 
burns, &c. 

The last mode of forming a crust which it will be necessary 
to mention is by cautérisation. This has been resorted to by 
various surgeons ; first, I believe, by FAURE. An exhaustive 
paper on the subject was published in 1843 by BONNET.1 The 
cauterisation may be done in various ways, either by caustics 
or by the actual cautery. Of caustics Bonnet finds that the 
Vienna paste or chloride of zinc alone are the best. The latter 
was extensively used by M. CANQUOIN and also by M. G ENSOUL. 
Bonnet remarks that after its use he has never seen decomposi-
tion occur in the wound, or phlebitis and pyemia. Bonnet 
preferred the actual cautery for various reasons. He attributed 
its good effects in the main to desiccation of the tissue, and he 
used the actual cautery more especially in Wounds which had 
taken on a bad action. 

Irrigation and the Water Bath. 

These are very efficient antiseptic methods, and indeed, I 
believe, stand next in order of efficiency to strict aseptic mea-

1 See also Traité pratique do la Cautérisation, d'après Venseignement cMnuptt 
de A. Bonnet de Lyon. Par R. Pliilipeaux, 1856. 

sures, more especially when the water used is impregnated with 
an antiseptic. 

Without entering into the older history, I may mention that 
Onus in 550 praises the use of cold water in recent injuries, 
and in some cases used more or less continuous irrigation. 
Again PALATIUS in the sixteenth century recommends the use of 
continuous irrigation with cold water, and speaks of having in 
this way obtained excellent results. 

Two centuries later SMITH 1 in England ( 1 7 2 5 ) and LAMORIER 
in France ( 1 7 3 2 ) advocated its use. Lamorier, indeed, pre-
ferred prolonged water baths to irrigation. LOMBARD and PERCY 
used irrigation, and the former also employed water baths 
pretty extensively. It was not however till the publications of 
JOSSE and BERARD on irrigation in 1 8 3 5 , and of MAYOR on the 
water bath about 1836, that these methods were fully re-
cognised. 

During the further progress of this method, the various 
questions which have been agitated are, as we shall - see, 
whether the irrigation or the water bath was the best; whether 
these ought to be continuous or intermittent; what the tem-
perature of the water should be ; and whether or not some 
antiseptic substance should be added to the water. 

The first, as I have said, who in recent time called attention 
to this subject, was JOSSE ; his work containing his views was 
edited by his son in 1 S 3 5 . 2 His reason for using irrigation 
«-as, that in this way a continuous and more perfect application 
of cold could be obtained. He used it in all the larger wounds, 
and in all inflammatory states. The apparatus which he em-
ployed was essentially the same as that now in use. 

In the same year BERARD 3 (junior) published, quite indepen-
dently, a paper on the use of cold water as an antiphlogistic. 
He also employed irrigation in order to obtain a constant diminu-
tion of temperature, which cannot be clone, he thinks, by the 
application of cloths dipped in cold water, even though they 
are impregnated with substances which volatilise quickly. He 

' r/if Curiosities of Common Water, 1723. 
= manges de Chinergie pratique, Sfe., 1835. 
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mentions several cases which did very well. The only com-
plication, which he thinks is really to be dreaded, is death of 
the tissues from the continuous cold ; but he says that this 
rarely occurs except in severe contusions; 

In 1 8 3 8 NIVET 1 published a paper giving some of the results 
of this method. He mentions, among other cases, nine com-
pound fractures so treated, of which seven recovered, five of 
these without any local or general inflammatory symptoms. He 
mentions various accidents which may occur, of which the fol-
lowing are examples: Pain (this generally soon disappears); 
paralysis (observed in one case); oedema (combat by bandaging),' 
phlebitis (very rare); inflammation of the parts around the 
fracture ; gangrene (generally only where the parts are much 
injured); anchylosis or stiffness (where the partis kept for a 
long time in one position). 

About 1 8 3 4 M . CHARLES MAYOR published his work en-
titled ' De la Localisation des Bains sur les diverses parties du 
Corps humain.' I have been unable to obtain this work, and 
have had to content myself with a work published in 1846 
called ' Les Bains sans Baignoires et ramenés à leur belle sim-
plicité.' His wish was to provide a permanent warm bath in 
imitation of nature, for he says : ' Is it with pledgets of charpie, 
with rags spread with various ointments, with compresses and 
with bandages, cold and dry, that nature carries out the cure ? 
Nature, wise and simple nature, contents itself with calling to 
its aid a warm and permanent bath, which furnishes it plenti-
fully with lubricating fluids, thoroughly diffused over the 
wound, and constantly being renewed.' He points out that 
this bath keeps up an equable temperature, and that nature 
uses it after removal of the tonsils, after operations for harelip, 
after tenotomy, cataract, abdominal section, &c., and it is to 
supply its place in external wounds that he proposes the use of 
the permanent warm bath. Mayor described a variety of 
apparatus for use in different situations. He did not place the 
whole body in the bath, but merely the diseased or wounded 
part. His apparatus was so constructed as to permit the 
renewal of the water without removal of the apparatus. The 
temperature of the water was about 22°—25° C. The baths 

1 Gazette médicale de Paris, 1838. 

were employed for several days, till in fact there was no fear of 
the occurrence of accidents. 

The advantages of irrigation were admitted by NÉLATOX, 
and more especially by MALGAIGNE,1 who thought it best to use 
it intermittingly, and so introduced < intermittent irrigation.' 
Malgaigne considered that the temperature of the water ought 
to be regulated by the first sensations of the patient, and 
that as- a rule it ought to be tepid, i.e. about 20° C. Mal-
gaigne's term < intermittent irrigation ' applied, however, more 
to a sort of water dressing than to irrigation proper, the cloths 
applied to the wound being soaked in water and changed at 
frequent intervals. 

Although at first the use of water was greatly resorted to, it 
soon began to go out of fashion, chiefly, it was said, on account 
of the accidents to which it might give rise, and when AMUSSAT 2 

fils wrote his elaborate thesis on this subject in 1850, it was 
but little practised. In this thesis Amussat deals chiefly with 
the question of the temperature of the water. He and his 
father, after long investigation of the subject, came to the 
conclusion that many of the bad effects attributed to the em-
ployment of water were due to its being used cold. They found 
that cold water from 0°-10° C., was a powerful antiphlogistic 
and sedative, but that it was liable to do harm. Water at 
30°-35° C. relieves pain in an inflamed part and promotes 
suppuration : it however tends to cause congestion. Water 
at 18°-25° C. has all the advantages of cold water without 
its disadvantages : it abstracts heat, but does not cause con-
gestion. They recommend the use of soft water and water 
containing few salts. Amussat considers that immersion is the 
most effectual mode of applying water; next to that comes 
irrigation, and, lastly, a form of water dressing which he 
describes in detail. 

Looking on irrigation and the water bath simply as a means 
ot abstracting heat, ESMARCH,3 in 1 8 6 0 , writes very strongly in 
avour of cold, and he recommends iced water and even ice 

• He mentions several cases in support of his views. 

1842.^ Vini9ation dans les ">al«dies chirurgicales. Thèse de concours, Paris, 

3 2 f e Ve'"Plm de Veau en chirurgie, 1850 
Arehivfiïr Min. Chirurgie, I860. 



In 1872 ISAMBERT 1 also writes in favour of cold irrigation 
but as there is nothing new in his work, I need not refer 
further to it. 

While this discussion as to the temperature of the water 
was being carried on, others were using the water bath with 
the view of excluding the air and avoiding putrefaction. I 
refer especially to the attempts of STROMEYER, LANGENBECK and 
VALETTE. 

In spite of the writings of Mayor and Amussat, the perma-
nent water bath made but little progress till it was taken up 
by LANGENBECK. Since 1839 Langenbeck had made several 
attempts to exclude air from wounds. These attempts resem-
bled those of Jules Guérin and others, previously mentioned, 
but they were not successful in Langenbeck's hands, owing to 
the confinement of the discharges. Accordingly, during the 
Schleswig-Holstein war in 1849, Langenbeck commenced the 
use of the warm water baths with the view of excluding the 
air. At the same time also STROMEYER made similar experi-
ments. During the next few years Langenbeck perfected his 
method, and at length, in September, 1855, he published an 
elaborate paper on the subject.2 

Just before the publication of Langenbeck's paper, PICARD,3 

who had been visiting Langenbeck's clinique, published an ac-
count of his practice and results in the ' Gazette hebdomadaire de 
Médecine et de Chirurgie.' In this paper he speaks very highly 
of the method, showing how it relieves pain, how there is hut 
little local inflammation or constitutional disturbance, how the 
appetite remains good, how granulations form rapidly, so as 
indeed at times to be exuberant, how there is no odour, and 
how this method seems to protect the patient against the 
chance of pyemia better than any other. In contrast with this, 
he describes, in a very graphic manner, the course of a wound 
treated by the ordinary methods—a course common at that 
time, and indeed, as I have myself seen, by no means uncom-
mon at the present. He says : ' Déjà, grâce au chloroforme, la 

1 Considérations cliniques sur les bons effets de Virrigation continue d des 
applications froides renouvelées dans le traitement des fractures are j>luie-
Thèse, 1872. 

2 Deutsche Klinih, No. 37, 1855. 
3 Gazette hebdomadaire de Médecine et de Chirurgie, 1855. 

douleur disparaît au moment décisif ; l'homme vivant est 
insensible sous le bistouri ; ses lamentations ne viennent plus 
interrompre l'opérateur. Mais après avoir dépassé le seuil de la 
salle d'opération, dès que la torpeur anesthésique s'est dissipée, 
le patient, abattu, affaibli, voit s'ouvrir devant lui tout un 
avenir de souffrances. La douleur, un moment comprimée, se 
déchaîne avec violence. Plus de repos, plus de sommeil. Les 
terribles secousses de la fièvre inflammatoire épuisent le malade 
et compromettent le succès de l'opération. Les tortures quo-
tidiennes du pansement viennent aggraver cet état général. 
Qui n'a pas eu le cœur serré en entendant les plaintes ar-
rachées par le moindre mouvement de la partie opérée, par le 
tiraillement des brins de charpie agglutinés, par la pression 
grossière et inégale du bandage, sans compter l'atmosphère 
infecte clans laquelle le malade et ses voisins sont condamnés 
à vivre, les souillures des draps et des couvertures ? Enfin, la 
nature est dérangée dans son travail réparateur ; chaque tour 
de bande change les conditions de la plaie, et le chirurgien ne 
peut lui-même diriger la guérison.' 

Langenbeck placed the wounds in the bath immediately 
after operation. Where possible, he stitched up the wound, 
leaving a space at the angle through which discharges passed, 
and through which the ligatures were brought out. During 
the first twenty-four hours, the limb was simply suspended in 
a bath, and was not arranged in one of the apparatuses which 
are apt to constrict the part and cause bleeding. When the 
edges could not be brought together, charpie and a bandage 
were applied for the first twenty-four hours to prevent bleeding. 

The permanent bath was continued till granulation was 
complete, and till epidermic formation had commenced. The 
limb and granulations were apt to become œdematous, but this 
subsided in a few hours after the removal of the part from the 
hath. The apparatus was emptied night and morning, and 
the walls of the vessel carefully sponged with water con-
taining chlorinated soda or chloride of lime. When the stump 
had been closed at first, the wound was daily injected along 
the course of the ligatures. The temperature of the water 
was at first 10°-12° C., but it was raised, as the patient could 
bear it, to 31°-37° C. The skin of the stump had a thick 



layer of grease over it, to prevent the action of the water on the 
epidermis. Where the whole body had to be immersed, the 
immersion was continued for a half to one hour daily in water 
at the temperature of 34° C. Water dressing was employed 
towards the end of the case. 

Langenbeek gives the following as the advantages of the 
permanent water bath :— 

1. It diminishes pain in the wound, and also does away 
with all painful dressings. 

2. The intensity of the fever is less. 
3. Stagnation and decomposition of discharges are com-

pletely prevented. 
He says that in wounds so treated, union by first intention 

is rare, though not unknown. 
Among the cases treated in this way he had had, during a 

period of five or six years, no instance of pyemia, although, as 
he says, some of the cases were very well suited for its occur-
rence, and although pyemia was prevalent at the same time in 
other wards and even in cases in the same ward. He says: 
' Cooling of the wound, retention and putrefaction of the dis-
charge, and miasmatic influences (hospital air) are the causes 
of pyemia. These noxious agents can be completely excluded 
by the careful employment of a water bath.' He also believes 
in the spontaneous occurrence of pyemia, through constitu-
tional and blood defects, and he does not think that these rare 
cases would be prevented. Then, also, decomposition of the 
discharges in a complicated wound is quite possible, even in a 
water bath, and might lead to pyemia. He mentions several 
(7) cases to show the good results. It is interesting to note 
that one of these—the only fatal case—was one in which, 
during the removal of a tumour, the knee-joint was opened. 
Violent inflammation and suppuration of the joint followed and 
the patient died on the twenty-first day. 

Langenbeck's paper was followed a month later by one by 
Dr. FOCK.1 He confirmed Langenbeck's good results, compar-
ing together cases of PirogofPs amputations treated by the 
warm bath, with others treated by the ordinary methods, much 
to the advantage of the former. He mentions also that Dr. 

1 Deutsche Klinik, Oct. 1855. 

WAGNER of Dantzic, who had adopted it, reported that formerly 
pysmia was very prevalent in that hospital, but that since 
the introduction of the warm water bath it had almost entirely 
disappeared. 

In a paper in 1 8 5 6 , Picard1 mentions that GOSSELIN and 
LAUGIER had adopted this method, and Fock also refers to 
ULRICH. 

In October 1 8 5 6 , ZEIS of Dresden published a note entitled 
'Beitrag zur Würdigung des permanenten warmen Wasser-
bades,1 2 in which he advocates the use of a still higher tempera-
ture than that recommended by Langenbeek. Zeis finds that a 
permanent bath below the body temperature is seldom endured 
by the patient. The best temperature is 37°-42° C. For am-
putations 35°-37° C. may be sufficient. 

It is unnecessary for me to pursue the history of Langen-
beck's method further. It is the one generally adopted where 
immersion is employed, and for some time it was very exten-
sively used in Germany. It has of late gone out of use, not 
because its results are not good, but because it is difficult and 
inconvenient of application, and because it can now be replaced 
by more effectual and simpler methods. 

Before leaving this subject, however, I must do justice to a 
method m which the antiseptic element was more fully recog-
nised, and in some respects better carried out, but which has, 
very strangely, not attained any prominence, probably because 
the name of its author was eclipsed by the better known name 

Langenbeek. I refer to the method proposed, and, while he 
had opportunity, carried out by VALETTE of Lyons.3 

cntarip S V i 7 W a s t h e f o l l o w i n g : 'The safety of sub-
^neous wounds sufficiently demonstrates that the presence 

ot the air m the wounds is the primary cause of their bad course.' 

M i r ' 6 a i r f C t ? T h i S iS a d G l i c a t e gestion, but the M wing is the explanation which appears to me to be the fairest. 
w i T ^ ™ iS fini8hed t h e b l 0 0 d a Q d t h e liquids 
the m l T ' h e S u r f a c e o f the wound, decompose under 

influence of the contact of the air. Sulphuretted hydrogen 

3 1 8 5 6 " 2 D c M e l a i n i ] ' > October, 1856. 



and putrid gases, if you will pardon this expression, are formed 
and absorbed in part, and exercise a deleterious influence 011 
the body. In a word, there is a true poisoning of the patient, 
which the constitution often withstands,'though not always, 
especially when the patient is placed in unfavourable hygienic 
conditions, as is the case in the wards of our hospitals. In 
these cases the phenomena, of cicatrisation do not proceed in a 
favourable manner, suppurative phlebitis occurs, and pus passes 
into the circulation; purulent absorption is an accomplished 
fact, and death is, one may say, an almost inevitable conse-
quence.' 

To avoid these dangers Valette immersed the wounded part 
in baths containing water impregnated with tincture of benzine, 
creosote, alcohol, or perchloride of iron. The last gave the best 
results. There was no putrefaction of this fluid, and he seems 
to have had great success. He was especially struck with the 
absence of traumatic fever. 

PUPIERJ1 who wrote his thesis in 1 8 5 5 on Valette's method, 
mentions a number of cases which did well, and states that, in 
order to prevent the water from getting too warm, it was in 
one case changed as often as thrice daily. 

Valette had only a limited opportunity for carrying out his 
experiments, for after a short time he was placed in charge of a 
children's ward, where he could no longer practise this method. 

P un traitement consécutif spécial, des amputations. Thèse, 1855. 
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THE last point to which we have to refer is the use of antiseptics. 
As we have already seen, various antiseptics have been in 
use for many centuries as applications to wounds, and some 
surgeons indeed have ascribed the good results, derived from 
hen- use, m the main to their anti-putrescent properties. In 

spite, however, of the attempts of surgeons at different times 
to draw attention to these properties, it was not till the publi-
ca ionof Gorneand Demeaux's method in 1859 that general 
interest m the subject was aroused. 

h a b i t s t h e s u b s t a n c e s f o r m e r l y employed, alcohol was pro-bably th^ o n e i n t e x t e n s i v e u s e j a n d ^ t h e J 

U S " r ; ° t h e fr0nt' ^ W a S freel? e m ^ e d - some quaiteis. As I have just said, alcohol was formerly used in 

the comno' ^ * ^ ^ WaS r e a 1 1? t h e active basis of 
celebrated r ° ^ ^ T h U S t h e b a l s a m o f Fioraventi-a 
m l i a H ? t l 0 n t 0 w o u a d s consisted of turpentine, 
S t S t a quantity of alcohol, and several unim-

K l s i TS" ° f t h G V a r i 0 U S l 0 t i 0 1 1 s have i.* s l )0l )Ular a t different times had a similar constitu-
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BATAILLÉ > published a little pamphlet in 1859 
the use of alcohol, but it was U extensively a ^ S ? 
ÎSÉLATON m 1863, and also by LE FORT 1 D BY 

CHEDEVERGNE* in 1864 published a detailed account of 
Ne lato n s practice with the result, which he had o b i t 
R a t o n ' s method was to soak charpie with camphoz ld Í ? " 
and apply l t 0 , e r t h e w o u n d g ¡ Q ^ ¿ ™ h 

either kept wet by frequent arrosion, or were covered ZtTlt 

overlapping- layer of impermeable tissue, or in some cal f t 
dressing was changed twice daily. Patients treated n t 

- a y remain m good health, the edges of the wounds 5h 
^ granulations are formed, but the wound becomes Z 3 
; " I T ' ° J T P l m d e r W h i c h i r i s a t i o n rapidly 0 « 

onen I / t ' ^ ^ a b ^ e l y constant oVe 
open wounds the granulations can scarcely be seen. The 
is an abundance of coagulable lymph, almost no appreciab 
suppuration and no bad smell. In some cases t h f Z 

Chedevergne says that, for more than a year, operation 

alcohol, 01 with pure spirits of wine, and that during that time 

a P b s e n t l a a O f 0 ^ ^ b e e » enth" 
" : ° f f o r < f eight patients who had undergone severe 

ope ations, only three died; one of tuberculosis, one of hypo-
static pneumonia, and one of pyemia. 

w J ° n Z T 3 g i V 6 S l a t / r s t a t i s t i c s > m which he shows that there 
Z r Z 7 r r S f P y œ m i a ' a n d five o f erysipelas. Good success m the Hôpital des CHniques ' 

° r p T ? s p a g e (p-269) 1 w r e w d ^ Hum. 
INSONS method of using alcohol. He mixes it with acetate 
of lead somewhat after the manner of Astley Cooper. 

Glycemne was used pretty extensively in England after 
1840, but was introduced in the treatment of wounds mainly 
by DEMARQUAY in 1855.* He first employed it in cases of hos-

Juil'l Ct dCS COmiméS ah00li«ves en Chirurgie. Tar MM. Bataillé et 

» Uc'T ffénéral de Th(raPewti1ue' vo1- Ixvii. 1864. 
4 Gazette des Hôpitaux, October, 1855. 

pital gangrene, and he found that they rapidly began to im-
prove under its use. He then extended the treatment to 
ordinary wounds. He claimed all sorts of advantages for it. In 
1859, more especially, he stated that it was a specific against 
erysipelas, pyemia, hospital gangrene, &c. He thought that it 
was the best antiseptic substance, and indeed a universal 
panacea. Since that time it has, however, been extensively 
tried and found wanting, and has, as Pochard says, for a long 
time been justly relegated to the modest place in therapeutics 
which nature had assigned to it. 

Chlorine and its compounds have been used as disinfec-
tants ever since its discovery in 1774. CRUYTON, in 1795, re-
commended its use in hospitals by fumigation, in order to 
destroy miasms. The Liquor de Labaraque, which attained 
considerable notoriety as a disinfectant, consisted mainly of 
chlorinated soda. In more recent times the chlorine com-
pounds, more especially chlorinated soda and chloride of lime, 
have been employed in the treatment of wounds, the wounds 
being washed or syringed out with the solution, and dress-
ings applied which were frequently moistened with the same. 
HERVIEUX applied a sponge soaked in the solution to the 
wound, and this, according to him, not only disinfected the 
discharge, but also absorbed it. M. GUERSANT also used it 
largely. 

CHALVET 1 recommends the introduction of chloride of lime 
into the superficial layer of the charpie. Chlorine is given off 
from this, and prevents the decomposition of the discharges. 

We have already mentioned chloride of zinc, which, as we 
have seen, was extensively employed as a caustic by CANQUOIN 
and GENSOUL. BONNET also used it, and remarked on the absence 
of putridity in the wounds made by it. In more recent years 
CAMPBELL DE MORGAN has again used it as a caustic, and also 
made the same remark as to its antiputrescent powers. It thus 
came to be employed as a lotion in the treatment of wounds, 
hut it has never become extensively used. The chief use to 
which it is put nowadays is by Mr. LISTER in disinfecting foul 
ulcers or sinuses (see pp. 65 and 116). 

1 Des désinfectants et de leur application à la Thérapeutique et à VHygiene, 
-ue,notre de l Académie impériale de Médecine, vol. xxvi. 1863. 



VELPEAU in 1 8 5 9 stated that Iodine had been in use as a 
topical application for over thirty years. On the contrary 
DUKOY asserted that it was only as a consequence of a com-
munication made by him in 1854 that iodine was first em-
ployed in wounds. Iodine has at times been used in the prac-
tice of various surgeons. Thus Mr. Spence of Edinburgh at 
one time painted the surface of stumps with iodine, and 
thought that he got good results from i t ; however, he soon 
took to painting stumps with other things, and the iodine 
fell into disuse. 

The only preparation of iodine which is now employed in 
the treatment of wounds is Iodoform, which is of great "use in 
chancres or foul ulcers. I have already referred to the method 
in which it is applied in the latter cases (pp. 65 and 94). 

Various metallic salts have been from time to time intro-
duced, such as Chlorate of Potash by MILTON. This acts very 
well in ulcers in the mouth, but is not of any very great value. 

Perchloride of iron was employed as a disinfectant by 
DELEAU, and I have already referred to the use which VALETTE 
made of it (p. 346). 

Nitrate of lead, subnitrate of bismuth and other powders 
have also been spoken of at various times. 

During the middle of the present century there had been 
constant efforts made in various directions to diminish the 
great mortality in French, more especially in Parisian, hospitals 
by means of some method of wound treatment. We have seen 
how at first it was chiefly the action of the air on the wound 
which was guarded against, but in 1859 it had come to be fully 
recognised that the chief thing which, was required was to 
prevent decomposition of the discharges. It is therefore not a 
matter of surprise that when Come and Demeaux in that year 
brought forward a powder which they believed to be capable of 
attaining this object, attention was at once directed to the 
subject, and not only did debates occur in the scientific 
societies, but experiments were also made in the various hospi-
tals with this and other antiseptic substances. 

Already in 1815 the antiseptic and disinfectant properties 
of coal tar had been recognised by CHAUMETTE, and GUIBOUIT 
(1833) and SIRET (1837) also wrote on the subject. In 1846 

BAYARD introduced an excellent disinfectant, of which the chief 
ingredient was coal tar. 

In 1858, 31. CORNE took out a patent for a powder which 
he had for some time employed as a disinfectant, and in the 
same year DEMEAUX 1 used this powder in the treatment of 
wounds. The powder employed by Corne and Demeaux 2 had 
the following composition: of ordinary plaster of commerce in 
very fine powder, 100 parts; of coal tar (obtained from dis-
tillation of coal in the manufacture of gas), 1 to 3 parts. These 
substances were readily mixed together in a mortar, and then 
olive oil was added till they acquired the consistence of paste. 
This paste was applied to wounds, more especially to foul 
wounds, and it was found that it disinfected (deodorised ?) the 
discharges at once, and that it also absorbed them. They 
stated that, ' the action of this disinfectant substance seems to 
arrest the work of decomposition ; it keeps away the flies, and 
prevents with certainty the production of worms.' Their ex-
periments were made partly in private practice, and partly in 
Velpeau's wards. VELPEAU observed that in the cases treated 
in this way suppuration was also diminished. 

In the discussion which ensued at the following meetings 
of the Academy, various opinions were expressed as to tire use 
of antiseptics in general, and as to the action of this particular 
powder.3 M . CHEVREUL found that the coal tar powder did 
not destroy the odour, but rather cloaked it, while, on the other 
hand, hypochlorite of lime in large quantities made it disappear. 
He thought however that the coal tar powder would act in 
preventing putrefaction. M . BUSSY called attention to the 
fact that other disinfectants were in constant use, and were 
also employed to prevent putrefaction. Such were carbon, 
chloride of lime, soda or potash, creosote, &c. M . RENAULT 
stated that as long ago as 1840 he had published a memoir on 
disinfection of wounds ; for at that time he had come to the 
conclusion that the putrefaction of blood and discharges, and 

contacfc o f these putrid materials with the wound, were the 
cause of the bad after-consequences. He had found that 
hypochlorite of lime was the best/though in some cases the 

^ Union medicate, 1860. * Bulletin de VAcademic de Medecine, 1859. 
UL : see also Gazette medicate de Paris, 1860. 



disengaged chlorine irritated the lungs. Hence he welcomed 
the' coal tar powder, but he stated that vegetable tar acted as 
well and had a less disagreeable odour. CALVERT had previously 
shown that carbolic acid, which was present in coal tar, was a 
powerful disinfectant, and, at a later meèting of the Academy, 
he stated that it had been used in Manchester in 1857, in the 
preservation of dead bodies, with success. DUMAS had stated, at 
a previous meeting, that carbolic acid was present in coal tar 
in small quantities and that the least trace of carbolate of 
soda was sufficient to preserve animal matters. 

After the reading of Corne and Demeaux' paper and the 
subsequent discussion in the Academy, a commission was ap-
pointed by the Academy to enquire into the matter. This com-
mission consisted of CHEVREUL, J. CLOQUET and VELPEAU. As 
the result of their investigations, they concluded that this 
powder was most useful for disinfecting substances, but that 
it was not a convenient application to wounds, that its odour 
was disagreeable, that it had often to be renewed and that it 
soiled the linen. LEMAIEE also adds that it solidifies and pre-
vents the escape of pus. 

The commission tried various other substances which had 
been mentioned, such as glycerine, sugar, chlorate of potash, 
etc., but found that they were not much better than ordinary 
cerates. Tincture of iodine was found to act fairly well, but 
to cause too much pain ; chlorine and the hypochlorites were 
good. Sub-nitrate of bismuth or perchloride of iron used in 
the form of an ointment (8 grains of the liquor to 30 grains of 
lard), were excellent applications. 

Corne and Demeaux'powder soon disappeared from the list 
of remedies, but nevertheless attention was attracted by it to 
the subject of antiseptic applications to wounds. 

Among those who spoke at the debates was L E BŒUF, who 
in 1850 had found that substances insoluble in water, but 
soluble in alcohol, could be made into an emulsion by the 
addition of saponine. Such emulsions were very fine and very 
stable. Le Bœuf proposed that coal tar should be emulsionised 
by the aid of this tincture of saponine. 

JULES LEMAIRE at once took advantage of Le Bœufs sug-
gestion, and in 1860 he published a paper on ' Coal tar sapo-

nine. 1 The tincture of saponine, to which reference has just 
been made, is an alcoholic extract of the bark of Ouillava 
mponana and contains other substances besides saponine A 
tincture of < coal tar saponine ' was made by mixing together 1 
part of coal tar with from 2 to 4 parts of tincture of saponine 
With this an emulsion was made by mixing 1 part of the 
tincture with 4 parts of water. This emulsion retained all the 
properties of coal tar, and is the substance which was used bv 
Lemaire. Lemaire investigated the activity of its various 
constituents and found that it contained saponins which 
acts as an antiseptic; alcohol, also an antiseptic; carbolic acid, 
a powerful antiseptic, but apt to cauterise the tissues ; 
which is an irritant; naphthaline, which is a sedative, and 
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the influence of air and give birth to a series of phenomena due 
to one and the same cause, fermentation.' He believed that 
pus at the commencement is simply serum of the blood con-
taining fibrin, that fermentation occurs in this from contact 
with the air and that pus corpuscles correspond in their nature 
to yeast cells and are the result of this fermentation. Now coal 
tar saponine at once arrests this fermentation and consequently 
this formation of pus cells. I have already referred to Le-
maire's experiments on putrefaction and other fermentations 
(p 218). He concludes that the two principal properties of 
coll tar saponine are disinfection and arrest of fermentations. 
' A third i m p o r t a n t property which seems tome to be the cause 
of the arrest of the fermentations, is the toxic action which 
it, exercises on vegetables and on the lower animals.' It 
favours h e a l i n g by disinfecting the wounds and arresting the 
fermentation of pus. He concludes that the germ theory of 
fermentations is true, and that coal tar arrests and prevents 
fermentation bv its toxic effect on the lower organisms which 
cause them. He says again: 'These facts make me think, that 
it is on account of its toxic properties on vegetables and on 
the lower animals that coal tar can prevent or arrest fermen-
tations. The opinion of Schwann and of several other physio-
logists, a view which in the present day has received great 
support from M. Pasteur, appears to me to be true.' . . . 'As 
the ferments appear to be the infusoria and the microscopic 
vegetable organisms which exist in abundance m the atmo-
sphere, and as the « coal tar saponine" d e s t r o y s them, let not 
physicians forget this precious property. Perhaps it may 
permit them to make important discoveries, and to rend® 

a great servicc to humanity: 1 

While Lemaire was using this coal tar saponine he was also 
experimenting with carbolic acid. He found that carbolic add 
could form a 5 per cent, solution in water, and could also m 
dissolved in oil and alcohol. He found too that it was much 
more powerful than coal tar, but that its volatility audits 
powerful action on wounds were disadvantages. On the o 
hand, with carbolic acid he had a solution of known and constan̂  
strength, which mixed with the discharge and soaked into 

1 The italics are mine. 

tissues more readily than the emulsion of coal tar He nnh 
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without foundation, for Lemaire began his work before Declat, 
and Declat was well acquainted with Lem aire's -work before 
publishing. 

We must in a few words enquire what is Lemaire's exact 
position in reference to antiseptic surgery ? how much does 
the present advance of antiseptic surgery owe to him? It is 
a question which for a time has been much debated and 
variously answered. 

In the first place we find, as I have already stated, that 
Lemaire recognised the true basis of antiseptic surgery, the 
germ theory of fermentation, and also that he was the first to 
use carbolic acid extensively in the treatment of wounds. But 
we do not find any method of how best to add the antiseptics 
to the discharge or how best to exclude organisms altogether. 
All that we find is that certain results —absence of smell—were 
attained, and the explanation was that the carbolic acid had 
destroyed the causes of fermentation. Then, also, look at the 
aimless way in which he applied carbolic acid to all sorts of 
diseases. There was no definite plan, no clear purpose, in 
these attempts. 

On the other hand, we must remember Lemaire's opportuni-
ties. He had no hospital appointment as surgeon; no oppor-
tunity, therefore, for seeing a sufficient amount of surgical 
practice to realise the necessity for systematic action. Would 
he have elaborated any aseptic, or even thorough antiseptic 
method had such opportunities been given him ? I cannot say, 
but I doubt it, for his experiments shew the same want of 
purpose and imperfection in inference, while his views on pus 
cells, and many other points, show an imperfect appreciation of 
the elementary facts of physiology and pathology. 

I am not, however, concerned with what he might have been, 
but with what he was ; for indeed, as Carlyle well remarks, 'it 
comes that these same ivoulcl-have-beens are mostly a vanity, 
and the world's history could never in the least be what it 
would, or might, or should, by any manner of potentiality, but. 
simply and altogether what it is: Lemaire was the first to use 
carbolic acid, and was the first to realise the truth of the germ 
theory as applied to wounds. He tvas an advanced treater of 
wounds with antiseptics, nothing more. 

The use of carbolic acid in the treatment of wounds was 
for some time tried extensively on the continent, and in Eng-
land it was also employed by one or two surgeons (Wood, 
Spence); but, applied in the way recommended by Lemaire, 
it failed to give satisfactory results and soon began to drop out 
of use. Indeed, as early as 1867, Dr. Kingston, who had been 
travelling on the continent, stated, at the Dublin Meeting of 
the. British Medical Association, that ' he had found that the 
use of carbolic acid in surgery was now being discontinued in 
places where it was formerly in vogue.' 

The result of these centuries of work on the subject of 
wound treatment, may be summed up as follows. The old 
views, that wounds could not heal without active intervention on 
the part of the surgeon, had been thrown aside, and, after many 
oscillations of surgical opinion, it had at last become generally 
recognised that nature was the sole agent in the reparation of 
wounds; it had, however, become apparent to most men that 
the decomposition of the discharges in wounds was a source of 
danger to the patient so great as to demand active interference 
for the puipose of preventing it as far as possible. The various 
attempts which were made with this aim are most interesting 
and important, although they were all more or less ineffectual. 
On the supposition that the gases of the air were the active 
agents, numerous methods (occlusion, crust formation, substitu-
tion of other gases, &c.) had been devised for the purpose of 
excluding the air, but these had all failed in producing any 
permanent benefit; it was rendered clear from these researches 
that, the gases of the air were not the injurious elements. 
Subcutaneous surgery, though based on this erroneous view, 
had become firmly established, and it was universally recognised 
that, if an operation could be done subcutaneously, it was to a 
great extent free from danger; unfortunately, the applicability 
of this method was very limited. Then, at first with the view 
of regulating the temperature of the wound, various forms of 
irrigation and water-baths were introduced. Some of the 
surgeons, however, who employed them observed that decom-
position was less, and that this was due in great measure to the 
washing away of the discharges. Drainage had also to a certain 



extent, though imperfectly, been introduced.1 On the other 
hand, it had been found that, by the addition of various 
substances, hence termed 'antiseptics,' to the discharges of 
wounds, decomposition could be markedly interfered with, and 
at the time to which we refer, in France more especially this 
idea was the most prominent in the treatment of wounds. One 
surgeon, indeed, Lemaire, had announced the view that anti-
septics acted by destroying ' the vegetables and lower animals ' 
found in these discharges, and which appeared from recent re-
sèarches to be the active agents in producing decomposition. 
Lemaire, however, failed to follow out his views, and thus missed 
the discovery which was very shortly afterwards announced by 
Mr. Lister. 

Such was the state of matters when Mr. LISTER, who had 
been working for more than two years independently of any 
knowledge of Lemaire's experiments, published his first papers 
on aseptic surgery, which at once threw a flood of light on the 
confused subject of the treatment of wounds. The develop-
ment of his system in his own hands has already been traced. 
Mr. Lister's writings have stimulated surgeons to the study of 
the whole subject, and have led to the introduction of improve-
ments in every detail of wound treatment. These improve-
ments, acting on better principles, have brought even the older 
methods to a high state of perfection, and numerous researches 
have since been made which have enabled us to reduce to order 
and show the true principles underlying the various attempts at 
wound treatment which had been previously carried out. 

It would be hopeless to attempt to follow out all that has 
been said and written on this subject since that time, and it 
would not only be hopeless but also profitless, for the greater 
part of the statements rest on imperfect understanding or know-
ledge of Mr. Lister's writings, and imperfect acquaintance with 
the scientific advances of the present clay. In Germany, where 
science is more advanced than in' other countries at the 
present time, this method has been almost universally accepted 
and introduced, and some of the leading German surgeons are 
amongst the most enthusiastic supporters of it. In our own 

1 Chassaignac : Traité, pratique de la Suppuration et du Drainage Chirur-
gicale. 1859. 

country on the other hand, the necessity for a protection against 
infective disease has not been so much felt, on account of the 
much better hygienic conditions of our hospitals; while, 
owing to our so called practical nature, the scientific problems 
involved have been allowed to fall out of notice and have 
been imperfectly appreciated when noticed. Perhaps the 
greatest obstacle to the acceptance of the principles of antiseptic 
surgery is the confusion which has somehow or other arisen 
between the germ theory of fermentation and that of infective 
disease. ' Indeed at the present time nine surgeons out of ten, 
if questioned, would give the germ theory of infective disease 
as the foundation of the principles of antiseptic surgery, 
while, as we have seen, it in reality has no necessary con-
nection with these principles at all. The common argument 
brought against the aseptic theory is, ' How is it that after 
such an operation as removal of a finger, or excision of the 
mamma, not performed aseptically, the patient does not as often 
die of infective disease as after amputation of the thigh ? ' 
Now such a question shows the confusion between the two germ 
theories. The real question to put is ' How is it that putrefac-
tion does not occur in all wounds not treated with aseptic pre-
cautions ?' This I have already explained in considering the 
principles of antiseptic surgery, but I have nothing to do, in 
looking at these principles, with the former question. In con-
sidering the results, I shall demonstrate -that the exclusion of 
bacteria from wounds is followed by the avoidance of infective 
disease, but I do not care whether any one believes that bacteria 
are or are not the cause of the infective disease. All I would 
ask is that bacteria be excluded, because they cause fermenta-
tions ; and if this be done, as I shall presently show, the causes 
of infective disease will also be excluded. If one prefers to 
go out of one's way to suppose that not the bacteria, but some-
thing else, excluded at the same time, are the causes of infec-
tive disease, well and good ; it does not matter for the -principles 
of antiseptic surgery. 

There are, however, one or two phases in the history of this 
subject to which I must briefly allude. 

Firstly, attempts have been made to show that Mr. Lister 
has no claim as introducer of aseptic surgery. Such statements 



rest on Disappreciation of the meaning of that term. Most of 
these writers look on aseptic surgery, and the treatment of 
wounds by carbolic acid as one and the same thing, and then 
they point out that Lemaire and others used carbolic acid 
before Lister. 

The first attempt of this kind was made by Sir JAMES 
SIMPSON, in the < Lancet' for 1867. He says : ' Mr. Lister in 
his letter to the ' Lancet,' October 5, states that all his recent 
visitors to the Glasgow Royal Infirmary had viewed his treat-
ment of wounds, abscesses, compound fractures, &c., and " not 
one," lie adds, "had ever expressed the slightest doubt that the 
system in question was entirely new . . . ! " While I regret 
the strange and almost incomprehensible want of knowledge 
with which Mr. Lister charges his professional visitors, I am 
fortunately not answerable for it, and if Mr. Lister had taken 
the slightest trouble to search English medical literature alone, 
he would have easily convinced himself of his own grave error 
in this respect.' He then proceeds to point out that carbolic 
acid had been extensively used in surgical treatment before Mr. 
Lister published, and that Lemaire and Déclat had also under-
stood the principles on which it acted. Had Sir James Simpson 
underlined the word system, and not the words entirely new, 
and had he continued the quotation which runs as follows, 
'the novelty, I may remark, being not the surgical use of 
carbolic acid (which I have never claimed), but the methods 
of its employment with the view of protecting the reparatory 
processes from disturbance by external agency,' he could hardly 
have fallen into such a gross blunder. I need not waste time 
in refuting Sir James Simpson's accusations. 

Several similar mistakes have been committed by other 
writers ; but the only other one which I need mention, as it is 
also the most virulent attack of all, is that by IGNAZ NEUDOREER 
in 1877.1 His work is a very strange one indeed. He rejects 
the germ theory of putrefaction and supposes that the bodies 
which fall into wounds and cause fermentation are not bacteria, 
but ferments coming from previously fermenting substances. 
Strange to say, though holding this view, he rejects also the 
Listerian method, which one would think would be as natural a 

1 Die chirurgiscJie Beliandlung der Wwiden, 1877. 
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sequence of such a view as of the germ theory. He also 
attempts to show that Lemaire had anticipated Lister in all 
particulars, but his statements rest on the same fallacious 
foundation as Sir James Simpson's. He falls into the common 
error of supposing that Mr. Lister teaches that catgut becomes 
revivified, instead of, as Mr. Lister has shown, being eaten 
away and disappearing under the action of the neighbouring 
living tissues; and he is very severe on this subject. In-
deed here his bitterness against Lister and his teaching crops 
up in an unwarrantable and most offensive way: and I will 
quote his statement here as an example of Neudörfer's writings. 
He says : 'Es ist auch hier, wie bei der Wundbehandlung, nur 
die Darstellung Lister's welche ganz einfache und klar zu Tage 
liegende Verhältnisse in ein mysteriöses Dunkel hüllt, so wie 
das Bestreben Lister's an die Stelle der wissenschaftlichen 
Erörterung inspirirte Dogmen als Orakel hinzusetzen, welches 
die Fachgenossen blenden soll, die seinen sonstigen Ver-
diensten nicht wenig Abbruch thut.' 

Mr. Lister's merit in this respect is well stated by Bardeleben 
in his lectures ' Ueber die Theorie der Wunden.'1 He says : 
' Lange schon wusste man dass ein Magnet Eisen anzieht, lange 
genug auch, dass ein Eisenstab magnetisch wird, wenn durch 
einen denselben umkreisenden, aber nicht berührenden Draht 
ein galvanischer Strom geleitet wird, aber die Anziehung des 
Eisens durch den vermittelst des galvanischen Stromes magnet-
isch gemachten Eisenstab für die Telegraphie zu benutzen war 
doch eine Entdeckung.'—' So steht es auch mit dem segensrei-
chen Fortschritte welchen wir Lister zu danken haben. Joseph 
Lister hat weder die Bakterien entdeckt, noch die Karbolsäure ; 
aber er hat mit eiserner Konsequenz die Thatsache dass 
Fäulniss nicht entsteht ohne Einwirkung von Bakterien, oder 
wie, er um botanischen Spitzfindigkeiten zu entgehen, lieber 
sagt, von Keimen (und dass solche Keime in der Luft schweben) 
er hat diese Thatsache angewandt auf den lebenden und 
namentlich auf den verwundeten menschlichen Körper. Und 
das Ergebniss dieser Anwendung war auch eine Entdeckung, 
eine Entdeckung wohl werth den grössten Fortschritten der 
ärztlichen Kunst angereiht zu werden.' 

1 The passage would lose by translation. 
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362 HISTORY OF ANTISEPTIC SURGERY. 

Another phase in the history of this subject to which we 
must allude is the introduction of various modifications. 

I have already described the modifications and improve-
ments introduced by Mr. Lister. I have also mentioned the 
newer methods of drainage, more especially the use of ab-
sorbable drains introduced by Mr. Chiene, and carried out by 
him by means of catgut, and by Neuber by decalcified bone 
tubes. 

Neuber has made several attempts to obtain a dressing 
which may be left on for a long time. The advantage of such 
a dressing is, of course, evident, more especially in the case of 
compound fractures, &c., and in country practice. He uses 
bone tubes as drains, and catgut for stitches. The drains 
in three or four days become soft, and in about ten days have 
generally entirely disappeared. Large quantities of gauze 
(Kriillgaze) are applied next the wound and fastened with a 
gauze bandage. Outside this comes a mass of salicylic wool 
soaked in the lotion, also fastened with a gauze bandage, and 

- then outside this the regular carbolised gauze dressing. The 
first dressing is left on in the case of large wounds for about 
two days. Then the gauze and the salicylic wool are removed, 
the deeper gauze dressing soaked with the lotion, and a fresh 
dressing applied. This may be left on for ten days or a fort-
night, provided no discharge appears at the edge. This is one 
of many ways in which a similar result may be obtained. Of 
late Neuber has treated several cases with one dressing alone. 

With the view of cheapening the materials, various modifi-
cations have been introduced: thus BRUN'S gauze, mentioned 
before, and also a gauze introduced by Miinnich are outcomes 
of these attempts. MUNNICH uses glycerine and spirit instead 
of paraffin. He also in some cases adds stearin. He uses jute 
instead of gauze. This carbolised jute is much cheaper than 
carbolised gauze, and has been extensively introduced. Bar-
del eben has used with great success jute soaked with carbolic 
lotion and kept moist by frequent addition of lotion. This is 
covered with impermeable tissue. 

Modifications of the method have been made with the view 
of applying it in war, and I have described previously the sug-
gestions of Mr. LISTER and Professor ESMARCII. A paper will also 

OBJECTIONS TO THE SPRAY. 3 6 3 

be found on this subject by Dr. BURCHARDT in the ' Deutsche 
militairarztliche Zeitschrift.' 

Various other antiseptics have been introduced as substi-
tutes for carbolic acid. Among these I may mention the use 
of salicylic acid by THIERSCH. This I have already described. 
Thymol was introduced in 1 8 7 8 by Dr. RANKE of Halle, and 
he speaks very highly of its usefulness. It has, however, been 
fried by several surgeons, among others by Mr. Lister, and 
has not been found to be a trustworthy antiseptic. Quite 
recently H. FISCHER and Professor M A A S have advocated the 
use of acetate of alumina. Maas uses a 2-5 p. c. spray, and 
after applying protective to the wound, he covers it with com-
presses soaked in this solution, and covered with an imper-
meable tissue. He says that the cases follow an aseptic 
course, and that, as the antiseptic causes no irritation, the dis-
charge is very slight and the dressings only require to be 
changed at rare intervals. 

Then of late objections have been made to the necessity 
for the spray in aseptic work, and TRENDELENBURG 1 has recently 
published a paper giving the results of some operations per-
formed without the spray. Indeed for four years he has per-
formed all operations strictly aseptically, but in none has he 
used a spray. The mode in which this has been carried out is 
that indicated before. During and after the operation the 
wound is washed out with carbolic lotion and, while the wound 
contains this lotion, it is closed. During the changing of the 
dressing Trendelenburg adopts Mr. Lister's former method of 
allowing fluid to flow more or less constantly over the wound, 
and more especially over the orifice of the drainage tube. I 
shall discuss this question at a later period. 

Some years ago Mr. CALLENDER published results obtained 
by a slight modification of Mr. Lister's method, or rather by the 
use of Mr. Lister's carbolic oil dressings. I shall also allude to 
these later. 

With regard to these attempts, we have already seen that 
the spray is the least essential detail of the system; and I have 
described how its use may be done away with with safety. And 
tins brings me to the last point in connection with the history of 

1 Arohivfur Klinischc Chiruryie. 



this subject, viz.: that the method has been objected to on 
various grounds, but chiefly because those who have failed in 
their attempts have looked on the spray as the essential element, 
and on aseptic surgery as the performance of operations or 
dressings in a spray of carbolic acid. There cannot be a more 
fatal error than this, for the spray is in the great majority of 
cases merely a convenience, and not a necessity, and those who 
look on it as a necessity are apt to forget the really essential 
details, and to trust too much to the spray. I say it is not 
essential, for if the wound'be easily accessible, and be thoroughly 
washed out during and after the operation, the great probability 
is that an aseptic result will be obtained. Only it must be 
remembered that if the spray is not used, this washing out 
must not be neglected. But to deluge the wound with carbolic 
lotion is an undesirable thing; and it is for this reason, and also 
because the feeling of certainty as to the result must be greater 
when the spray is used than when it is not, that I would advo-
cate its continuance. 

Other surgeons look on the gauze as an essential element, 
and that this is equally an error is evident from a consideration 
of Mr. Lister's earlier methods, and also from the results at 
present obtained by the use of other materials. One surgeon 
has indeed gone so far as to use the term ' spray and gauze 
method ' as synonymous with Listerian or aseptic surgery; in 
other words, to define aseptic surgery by two of its least or even 
non-essential elements. Aseptic surgery is not treatment by 
spray, nor by gauze, nor by spray and gauze, nor by carbolic 
acid, but is any method of treatment which aims at and 
succeeds in excluding the causes of fermentations from 
wounds. 

CHAPTER XVII. 

RESULTS OF ANTISEPTIC SURGERY. 

Chief poinls for consideration. How far do (he various methods prevent 
fermentations in wounds ? How to ascertain the true value of any individual 
method. The value of the various methods in guarding against infective 
disease: meaning of the term 'infective disease.' Relations of aseptic 
surgery to infective disease. Mr. lister's results in Glasgow. The recent 
Glasgow statistics. Mr. Lister's results in Edinburgh ; results in septic and 
aseptic cases—Mr. Space's practice—Mr. Syme's results-Mr Listers re-
sults at King's College Hospital ¡-Volhnann-Nnssbaum-Socin-Sa-.ctoiph 

Esmarch — Hueter Czerny—Lucas-Championniere— Gross—Liticrant 
—Punas Sehede Reylier Spencer Wells-Keith-Thornton. Thiersch's 
results with salicylic acid. Thymol. The relations of other forms of 
Antiseptic Surgery to these Ah^es-Treatment by Antiseptics-11 ehdier-

Nelaton Hutchinson. Occlusion-Jules Gueri,i^Alphonse Guenn 
treatment by irrigation and water bath-Langenbech- Valette. Open 
Method BaHscher and Vexm—Buroro—KrorOem. Results where no 
antiseptic measures were a d o p t e d - B i U r o t h - M a l g a i g n e - P a u l - H o b n e s 
-Arichsen. Results of c l e a n l i n e s s - , W / y - J / c Vail-Bardenheuer. 

IN looking at the results of the various methods of treatment, 
the following are the chief points which present themselves for 
consideration. 

1. Results of the various methods as to saving life 
0 ) by preventing infective disease. 
(b) by preventing profuse suppurations and consequent 

exhaustion. 
0 ) in other ways, such as by rendering operations on weak 

or diseased individuals possible, or by enabling the 
. surgeon to undertake with safety by one method opera-
p trons which by other methods would be unjustifiable. 

- hesults according as one or other method enables the 
surgeon to render the patient a more useful member of society. 



this subject, viz.: that the method has been objected to on 
various grounds, but chiefly because those who have failed in 
their attempts have looked on the spray as the essential element, 
and on aseptic surgery as the performance of operations or 
dressings in a spray of carbolic acid. There cannot be a more 
fatal error than this, for the spray is in the great majority of 
cases merely a convenience, and not a necessity, and those who 
look on it as a necessity are apt to forget the really essential 
details, and to trust too much to the spray. I say it is not 
essential, for if the wound'be easily accessible, and be thoroughly 
washed out during and after the operation, the great probability 
is that an aseptic result will be obtained. Only it must be 
remembered that if the spray is not used, this washing out 
must not be neglected. But to deluge the wound with carbolic 
lotion is an undesirable thing; and it is for this reason, and also 
because the feeling of certainty as to the result must be greater 
when the spray is used than when it is not, that I would advo-
cate its continuance. 

Other surgeons look on the gauze as an essential element, 
and that this is equally an error is evident from a consideration 
of Mr. Lister's earlier methods, and also from the results at 
present obtained by the use of other materials. One surgeon 
has indeed gone so far as to use the term ' spray and gauze 
method ' as synonymous with Listerian or aseptic surgery; in 
other words, to define aseptic surgery by two of its least or even 
non-essential elements. Aseptic surgery is not treatment by 
spray, nor by gauze, nor by spray and gauze, nor by carbolic 
acid, but is any method of treatment which aims at and 
succeeds in excluding the causes of fermentations from 
wounds. 

CHAPTER XVII. 

RESULTS OF ANTISEPTIC SURGERY. 

Chief points for consideration. How far do the various methods prevent 
fermentations in wounds ? How to ascertain the true value of any individual 
method. The value of the various methods in guarding against infective 
disease: meaning of the term 'infective disease.' Relations of aseptic 
surgery to infective disease. Mr. lister's results in Glasgow. The recent 
Glasgow statistics. Mr. Lister's results in Edinburgh ; results in septic and 
aseptic cases—Mr. Space's practice—Mr. Syme's results-Mr Listers re-
sults at King's College Hospital.— Volhnann-Nnssbaum-Socin-Sa-.ctoiph 

Esmarch — Hueter Czerny—Lucas-Championniere— Gross—Liticrant 
—Punas Sehede Reylier Spencer Wells-Keith-Thornton. Thiersch's 
results with salicylic add. Thymol. The relations of other forms of 
Antiseptic Surgery to these Ah^es-Treatment by Antiseptics-11 ehdicr-

Nelaton Hutchinson. Occlusion-Jules Gueri,i^Alphonse Guenn 
treatment by irrigation and water bath-Langenbech- Valette. Open 
Metlwd BaHscher and Vezm—Buroro—KrorOem. Results where no 
antiseptic measures were adopted Billroth—Malgaigne—Paul—Holmes 
-Arichsen. Results of c l e a n l i n e s s - , W / y - J / c Vail-Bardenheuer. 

IN looking at the results of the various methods of treatment, 
the following are the chief points which present themselves for 
consideration. 

1. Results of the various methods as to saving life 
0 ) by preventing infective disease. 
(b) by preventing profuse suppurations and consequent 

exhaustion. 
0 ) in other ways, such as by rendering operations on weak 

or diseased individuals possible, or by enabling the 
. surgeon to undertake with safety by one method opera-
p trons which by other methods would be unjustifiable. 

- hesults according as one or other method enables the 
surgeon to render the patient a more useful member of society. 



Here I shall have chiefly to consider the bearing of the various 
methods on conservative surgery. 

3. Method of healing in various cases, and also the behaviour 
of sloughs, ligatures, blood clots, &c. 

4. The bearing of the various methods on constitutional 
disturbance after operations or wounds. 

5. Discussion of the objections against the various methods, 
and other points. 

Before entering on these questions, I must say a few words 
as to how far these methods answer the purpose of preventing 
fermentations in wounds. 

The aseptic method, when properly carried out, does this 
completely. There is no putrefaction, and no other kind of fer-
mentation; and, as I have shown, organisms can be entirely ex-
cluded if it be wished. No doubt in ordinary practice one form 
of organism does sometimes get in, but this is only generally 
towards the end of the case, and it does not cause putrefac-
tion, while the products of its growth seem to be but little 
irritating. 

Treatment by antiseptics does not prevent fermentations or 
the entrance of organisms, unless, indeed, it is so thorough as to 
render the wound aseptic. The specimens of bacteria which 
are figured on Plate I. were taken from wounds treated with 
antiseptics. Although, however, fermentations are not alto-
gether prevented, yet from the frequent removal of the organ-
isms and their destruction by the antiseptics employed, fer-
mentation does not, as a rule, occur to any great extent. 

The open method hinders the putrefactive fermentation, 
more especially because the discharge flows rapidly away and 
also because it becomes too concentrated and too freely ad-
mixed with oxygen. Nevertheless, whenever the discharges 
are retained, they undergo fermentation, showing that the 
causes of fermentation are constantly present. 

Treatment by irrigation or by water bath is more effectual 
than the open method, because the discharge is removed still 
more rapidly and thoroughly ; but, nevertheless, unless a 
sufficiently strong antiseptic solution be employed, the causes 
of fermentation are always present in the wound, and may act 
if they have opportunity. 

The various methods of occlusion are the most imperfect of 
all, and I have already referred to the stench and the state 
f the pus m wounds treated by Alphonse Guerin's cotton-wool 

method. 

In determining whether any instrument or any method is 
safe and suitable for use in the ordinary circumstances in which 
it will be employed, one does not simply content oneself with 
using it under such circumstances, but various tests are applied 
to it, i.e. it is subjected to trials greater than those which it 
will have to undergo in every-day work. A gunmaker is not 
satisfied with a gun if it does not burst with an ordinary 
charge; he overcharges it, and if it withstands this test, he very 
properly concludes that it will be efficient and safe as Ordinarily 
used. A boilermaker does not send out a boiler as trustworthy 
.11 he has subjected it to pressure such as it may never have 

to bear afterwards, but which it might, under rare circumstances 
have to endure. ' 

In considering the value of the various methods of wound 
treatment as protectors against death, we must in like manner 
consider how they behave in the very worst circumstances, ^ 
— r ,m 7 ^ n e V 6 r ° r v e r ) ' rarely have 
to be employed ; for a method which is effectual under unfavour-
able circumstances ought to be employed in all, unless there is 
ome special and valid objection to its use. The tests, ri ere 
ore which I shall apply to these methods (so far as I can 

m a t f a l ] W i f c h t h e ViGW determining how 
a one or other may be depended on as a guard against the 

S o S T l ^ ° f ° p e r a H ° n S ' - behaviour in 

ferns wlficb W h a V f 6 ? 1 t h e * P r o t e c t Patients after opera-
~ W P e C U h a r 1^ l i a b l e to be followed by serious con-

K e a d w ' n ^ 1 t h r C g a r d t 0 I n ^ ' C t i v e D i s $ * ' Under this 
Gan rfn and Hospital 
I vodd ' . ! W f t 0 t h 6 S e i s S e P t i c Intoxication, which 
t i r f m e , i ' T M a ? 6 W S D u n C a*> S a P ~ . For hough * c rdI r rfof a chei#ai ¿fa * - a l s d e p e n d e n t for its occurrence on fermentation in 



wounds, and it must, therefore, be included in this group. I 
do not add Tetanus, because I do not think that there is suf-
ficient evidence as yet to justify us in classing it among septic 
diseases, though several eminent surgeons, more especially in 
Germany, hold that view. 

I shall first consider 

THE RELATIONS OK ASEPTIC SURGERY TO THESE DISEASES. 

The first record which I can find—and it is a very striking 
one—is a paper published by Mr. Lister himself, in which he 
gives his results in Glasgow up to the time when he went to 
Edinburgh. This will be found in the ' Lancet' for 1870. In 
this paper he describes the progress of his cases and the state 
of his wa»rds in the Glasgow Infirmary before and after the in-
troduction of aseptic surgery. He tells us that on account of 
the constant presence of infective diseases in that hospital when 
he went to Glasgow, he had to diminish the number of beds in 
each ward, and he states that infective disease was so com-
mon, that whenever a case of compound fracture was admitted 
into his wards, he at once ordered the internal administration 
of sulphites, which were at that time much used as prophylactics 
against these diseases. In some of the other wards these 
diseases became at times so prevalent that the wards had to be 
closed. 

Mr. Lister gives the following statistical table of his results 
in amputation cases before and after the introduction of aseptic 
surgery. The statistics before the introduction of that method 
include the results of two years' practice (1864 and 1866, the 
report for 1865 being imperfect). During that time the 
following amputations were performed, with the following 
results:— 

Cases Heaths 
Through the shoulder-joint . . . . . 3 2 

upper arm 3 2 
elbow-joint 1 1 
forearm 5 1 
hip 5 4 
thigh 10 ^ 
knee-joint 3 
ankle 5 2 

Total . . 35 
A mortality of 4.r 7 p. c. 

MM. AZASCOW ST A TISTIC8. M 

The causes of death arp nn+ , 
were due to i n f e c t i v e ^ * S S f c " ^ ^ ^ 
• mputations of the upper e x t r e m £ four^^ef^ 
and one to hospital gangrene. 6 t o P ^ m i a 

In contrast to this Mr T ^ 

were the amputations performed tallowing 

Shoulder-joint. 
Upper-arm 
Forearm . 
Hip-joint-. 
Thigh . . 
Knee 
Ankle 

Cases • 
3 

6 
2 
4 

1 -Î 1 .) 
9 

Total . • 40 

Deaths 

The causes of death in nil tv,^ „ 
- amputation at the h i " ^ t d T d T ^ * 
knee—death occurred f r i l l at the 
also states that two of he d ths , f ^ ^ ^ ^ e r 
one of these the p y j £ £ 1 ^ P } " m i a ' b u t » 
tion of the thread), Z 

nee) did p y ^ arise after thi n ( a mPNation at the 
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hospital practice during ^ * ^ L i s t e ^ 
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Here we have a very valuable piece of statistics ; and it is so 
much the more striking as the results were obtained in the 
early days of aseptic surgery before any of the recent improve-
ments had been introduced. During a period of three years, 
there occurred only two cases of pyasmia, one case of erysipelas 
and one or two cases of mild hospital gangrene, and this result 
was obtained in unhealthy wards in which these diseases were 
previously common, and in wards which, towards the end of the 
aseptic period, were in much more unfavourable hygienic con-
ditions than before the commencement of that period. Looking 
at only one class of operations, the mortality after amputations 
was reduced from 45-7 p.c. to 15 p.c., and that reduction was 
in the main or altogether owing to the abolition of infective 
disease. I say that these statistics are of the greatest value, and 
it is strange that they have been allowed to pass unnoticed by 
those who have cried so loudly for statistics ; for they answer 
almost all the requirements. They are results obtained by the 
some surgeon in the same wards in successive years. And the 
result cannot be ascribed to better hygienic conditions ; for, as I 
have just pointed out, there was no improvement in the hygienic 
arrangements during the aseptic period, in fact, rather the con-
trary, for the annual ward cleaning was done away with, while 
an increased number of beds was introduced. Nor can the 
results be ascribed, as is so much the fashion in some quarters, 
to cleanliness alone, to the cleansing of the instruments after 
each dressing, &c.; for long before Mr. Lister had thought of the 
aseptic method, he had striven to prevent all such contamina-
tion, being fully impressed with the evils of putrefaction, and 
with the necessity of avoiding it, as far as possible. Neverthe-
less, though cleanliness had been tried, it had failed. 

While speaking of Glasgow, I may mention here the recent 
statistics given by Mr. MacEwen in 1879.1 They are merely 
numerical, but nevertheless, they are striking, and when con-
sidered along with the other results which will be referred 
to presently, they will be seen to be of great value. Mp 
MacEwen, thinking that pure air was of more value than aseptic 
treatment, asked the medical Superintendent of the Glasgow 
Infirmary to compile comparative statistics of cases treated asep-

1 British Medical Journal, 1871). 

tically and of those treated in other ways. To his surprise the 
facts showed the opposite of what he had expected Th„ i 
thenars 1875, 1876, 1 8 77 and 1 8 7 8 , S ^ f e 
strictly aseptically under the care of Dr. Cameron md „f , i , 
or 2-93 p.c. died During the same p e r f o H S h ^ S 
of wards under Dr Morton's care, 1884 cases were treated n 0 

aseptically, and of these 110 or 5-84 p.c. died, the cases in ea ch 

instance being practically of the same character. Ami not 
only was the mortality in the latter case more (it was double 
than m the former for the whole period taken together bu a 

similar difference was found when the results of ( * 
W W at separately. Thus the P g ^ J 

3-29 p. c. 
7-63 „ 
3-28 „ 
0-91 „ 
3-68 „ 
5-13 „ 
2-93 „ 
3-96 „ 
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1875 was, among aseptic cases 
» non-aseptic cases . 

aseptic cases 
» non-aseptic cases . 

1 8 , 7 » aseptic cases . 
" » non-aseptic cases . 

» aseptic cases . 
" " non-aseptic cases . 



eially as I intend presently to allude to some of the facts in 
detail. 

From the end of 1871 to the middle of 1877—a period of 
about five and a half years—Mr. Lister treated 553 cases 
aseptically. Of these 2, or -36 per cent., died of blood poison-
ing. During the same period, Mr. Lister treated 292 cases 
in other ways, some with antiseptics, some without, and 
of these 4, or 1-36 p. c., died of blood poisoning. Now this alone 
is a very striking statistical fact, as it shows that the same 
surgeon, in the same wards, during the same time, lost four 
times as many patients from blood poisoning in cases not 
treated aseptically as in those which were treated on strict 
aseptic principles. And when we look at the nature of the 
cases in each instance, this difference will become much more 
apparent. 

Of the 553 cases treated aseptically, 29 died. 

Among these were 80 major amputations, of which 9 died—6 from 
shock within a few hours, 1 from diphtheria in the throat nine 
weeks after operation, when the wound was almost entirely healed; 1 
from cerebral hemorrhage three months after the operation; and 1 
from hemorrhage into the thigh from a malignant tumour of the femur 
three days after amputation at the shoulder-joint—the amputation 
wound was doing well. 

The following is a complete table of Mr. Listei-'s amputations :— 
For disease 

Primary and secondary Total 
to injury 

I-Iip . 
Thigh 
L e g . 
Ankle 
Shoulder 
Upper-arm 
Forearm 

* Died in a few hours from shock; f died from diphtheria; { from cere-
bral hemorrhage; § from haemorrhage into the thigh. 

There were also 21 excisions of the larger joints performed asep-

Cases Deaths 

Total 16 

1* 
2 * 

0 
0 
1* 
0 

Cases 

2 
26 

5 
16 
1 
6 
8 

64 

Deaths tases 

2* 
If 
0 
It 
1§ 
0 
0 

3 
29 
8 

18 
5 
9 

ueauis 
3 
3 I 

! 
2 ' 
Si 

tically without a death (7 of knee, 2 of shoulder, 10 of elbow 2 of 
wrist). ' 

Thirty-seven excisions of the mamma were performed aseptically 
with two deaths, both from infective disease. One of the deaths was 
from septicemia occurring after the removal of a very large portion 

f " I a i ; 1 1 , ; : f , c o n t e n t s o f t h e a x m a - W ^ n g went z 
perfectly till the tenth day, when a mistake was committed in the 
dressing; putrefaction occurred, and septicemia commenced On 
post-mortem examination no abscesses or infarcts or other marked 
appearances -were found. The other patient died of erysipelas 
Among these 37 case» there were 24 in which not only the mamma 
but also the fat and glands from the axilla were removed 

There were 27 operations for un-united, or badlv „niwi f,..w 
Without a death These consisted of 8 o p i ^ ^ ^ 
the bones of the leg, 4 on the humerus, 5 on the bones o f T e f o t 
arm, and 1 on the clavicle (removal of a projecting splinter of bone 

There were 14 operations on healthy joints, in which the joints 
k e p t o p e n for s o m e ^ * — o f a 

<J,nV- T V 0 ™ 8 W 6 r e m a d e infc0 d i s e a s e d joints in which 
S r r 0 4 ^ - ' e were cases of mmmsrn 

t t r s t j r r ™ 1 K 
I t » M i r - r 1 ^ ? 1 1 ^ ^ No death. ° f t h e J O m t COuId b e into apposition. 

in 7 £ x s r w a s divided for w k - w 
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was torn and hemorrhage occurred into the axilla. Mr. Lister at once 
cut down and ligatured the artery, but the patient died the same night 
from exhaustion, owing to the loss of a large quantity of blood. 

There were 2 cases of excision of the thyroid gland. No death. 
There were 4 cases of excision of the testicle. No death. 
There were 9 cases of strangulated hernia, with 3 deaths. The 

gut was gangrenous in all the fatal cases. 
There were 30 cases of abscess (psoas or lumbar) connected with 

disease of the spine. Of these 4 died-2 from phthisis, 1 from ex-
haustion, and in one case the lumbar abscess was almost absolutely 
healed when a little glandular abscess formed ii» the neck. This was 
opened without aseptic precautions, and the wound was attacked 
with erysipelas, of which the patient died. Though this was an 
aseptic case, yet the erysipelas did not attack a wound treated 
aseptically, and therefore the death from infective disease is in-
cluded among the cases not treated aseptically, and not among the 
aseptic ones. 

There were 91 cases of acute or chronic abscesses. These included 
a great variety of abscesses, but they were all more or less extensive. 
There were 2 deaths; one death occurred in a case of peri-renal 
abscess. The patient was in a very low state when operated on, had 
diarrhoea, &o., and he sank in ten clays. On post-mortem examination 
the typical scrofulous kidney was found. The other death occurred 
in a case of abscess in the right lumbar region, but in which there 
was no disease of the spine. The abscess was opened on May 20, 
1873, and went on very well till July. There was then only a small 
sinus, and the patient was permitted to get up. During autumn the 
discharge was allowed to putrefy, and it afterwards increased rapidly 
in amount and became purulent. For some days before her death, on 
November 15th, the patient had very severe pain in the right ilia; 
region and the right limb, and following this the leg and foot became 
gangrenous (phlebitis1?). 

There were five cases of empyema. No death. 
There were eight cases of chronic bursitis, in which incisions were 

made and drainage tubes inserted. No bad result. 
There were twelve cases of removal of exostoses without-a death. 
There were forty cases of removal of large tumours from various 

regions. No death, (There were also a number of cases in which 
smallish tumours, fatty or otherwise, were removed. These are not 
included among the forty.) 

There were three cases of suprapubic lithotomy, with two deaths, 
one fatal case, an adult male, the peritoneum was intentionally open«* 
below the umbilicus, the bladder incised through its peritoneal coa , 

and the stone extracted. The wound in the bladder was then stitched 
up, as was also the wound in the, abdominal wall. The patient was 
doing well till the second morning (about forty hours) after the opera-
tion, when he got out of bed, or was made to get up. As a result of 
this exertion the intestines protruded between the stitches. They 
were returned as soon as the accident was discovered, but the patient 
died of shock on the same day. In the other fatal case, a little boy, 
the peritoneum was also opened, but the stone was not removed. The 
child cried incessantly after the operation, and in spite of the close 
stitching of the wound in the abdominal wall, the intestines escaped 
between the stitches. The patient died on the following day from 
shock. 

There were three cases of spina bifida, into which minute drains in 
two cases horse-hair (two or three threads), and in one a drainage tube 
were introduced. The patients apparently died as the result of the con-
stant draining away of the cerebrospinal fluid, although as soon as bad 
symptoms were evident, the drains were withdrawn. In two cases no 
raacroscopical appearances were found to account for death. (I do not 
know what the microscopical appearances of the cord may have been ) 
In one case the sac was congested, and contained a little turbid fluid 
but there was no violent inflammation, and the little which was pre-
sent did not apparently spread up the canal. In fact, the appearances 
found could not explain the fetal result in any of the cases, and there-
fore it is possible that the disturbance due to the constant draining 
away of the cerebrospinal fluid had something to do with death! 
he first two cases died in two and nine days respectively. The last 

died in five days. 
One case of chronic hydrocephalus was treated in this wav (by 

drainage) and died in six days. There was no trace whatever of in-
flammation. The ventricles were extremely distended, containing 
forty-two ounces of clear cerebrospinal fluid. Apparently the fatal 
result was due to the same cause as in the former instances, viz, the 

s^nal fluid C°nSeqUent ° n t h e C O n s t a n t d r a i n i n § a w a y of the cerebro-

These are the most important of the 553 cases. (Although 
there were only two deaths from infective disease after aseptic 
operations, and although that fact was all that was necessary for 
our present purpose, I have thought it well to mention all the 
causes of death, and to indicate the sort of cases treated.) 

he 292 cases not treated aseptically contained a very much 
larger proportion of trivial operations, such as removal of 
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necrosed bone, fistula in ano, haemorrhoids, &e. There were 
ten deaths, of which two were from pyaemia, one from septic-
aemia, one from erysipelas, and six from exhaustion (?). 

The cases of pyemia occurred, one after a plastic operation on the 
nose, and one after amputation of the penis. The case of septicemia 
occurred after excision of the tongue. The case of erysipelas occurred 
after the opening of a small abscess in the neck without aseptic pre-
cautions; this case is mentioned among the psoas abscesses (p. 373). 
One case of excision of the hip-joint (set. seventeen) died twenty- nine days 
after the operation, apparently of exhaustion from the profuse discharge. 
One case of excision of the mamma (a?t. sixty-three), where putrid sinuses 
were present before the operation, died in three days of exhaustion. (May 
not the fatal result in this case have been due to sapremia'!) One case of 
excision of the upper jaw (set. sixty-three), died twenty-three days later, 
apparently of exhaustion; there were no marked symptoms during life, 
and no post-mortem appearances; there were hemorrhages on various 
occasions after the operation. One case of excision of the tongue 
(set. seventy-five) died in ten days without any special symptoms, 
apparently of exhaustion; no morbid appearances were found on 
post-mortem examination. One case in which the floor of the mouth 
was removed for malignant disease (an old woman) died apparently 
of exhaustion. One case of old standing, necrosis of the ilium (set. 
twenty), died twenty-three days after an attempt to remove the dead 
bone. He is also saicl to have died of exhaustion, but there is no 
record of the post-mortem examination, and he had coffee-ground vomit-
ing during the forty-eight hours preceding death. (Several of these 
cases of exhaustion were probably cases of sapremia or septicemia.) 

If we compare the causes of death in the two instances and 
the nature of the operations, the case in favour of the aseptic 
method becomes much stronger than if we simply compare the 
deaths from infective disease. In the septic cases the patients 
either died of septic disease or of exhaustion, the result of pro-
fuse suppuration, again the result of putrefaction. If we con-
sider the aseptic cases, on the other hand, we get a very 
different result. Thus, among the deaths after amputation 
there was not a single case where any method of treatment 
applied to the wound could possibly have saved the patient. 
The two deaths from tubercular meningitis, the three cases of 
hernia in which the gut was gangrenous, and the two cases of 
phthisis were all independent of the treatment of the wound. 
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The case of peri-renal abscess was also hopeless, and so also, 
possibly, the case of abscess in the loin where gangrene of the' 
foot occurred. In the case of exhaustion after psoas abscess 
the disease was extremely extensive. But suppose we include 
this case, the two cases of infective disease, the three cases of 
spina bifida, the case of hydrocephalus, and the two cases of 
suprapubic lithotomy, we have only nine instances of what we 
may term preventive deaths. In the last six cases, however, 
it was rather to the direct surgical interference than to any-
thing in the after-progress of the wound, looked at from our 
present point of view, that the deaths must be attributed ; and 
here, of course, we are not considering the former point. 
Leaving then out of view the question of the surgical inter-
ference, there are only three cases among these, which can be 
considered in connection with the method of wound treatment 
alone. Indeed, I doubt very much if it is fair to include the 
case of exhaustion after psoas abscess, for the disease was of 
such a nature, so very extensive, as to render it doubtful 
whether recovery was possible under any circumstances.1 

On the other hand, among the fatal septic cases, there were 
none independent of the after-progress of the operation wound, 
unless indeed we exclude the case of necrosis of the ilium 
m which probably waxy degeneration of the internal organs 
had occurred extensively before the operation. This leaves 9 
out of 292 septic cases, of which a large proportion were trivial 
operations m which death occurred on account of the course 
which the wound followed, while in the former instance, in 
the 053 aseptic cases, a very small proportion of which were 
trivial operations, there were only, at the most, three such in-
stances. 

During this same period there were treated aseptically in 
hospital seventy-two cases of injury (wounds, compound 
fractures, and wounds of joints), of which four died. 

, 'fh''ee o f t h e s s d e a t h s occurred in cases of compound fracture 
t-eated conservatively, and in all death took place within 48 hours 

T 7 - °CCU1Ted i n a c a s e i n w M c h t h e attempt to eradicate 
u etaction was unsuccessful, and where the patient is saicl to have 

died of bronchitis and cardiac disease. 
1 See the list of psoas abscesses, No. 21, Chapter X X . 



Here again, there is only one case of possibly preventive 
death, and that in a septic case. Among those which were 
rendered aseptic no death occurred which was preventible by 
any known method of wound treatment. 

We have fortunately the opportunity of comparing these 
results with those obtained by another surgeon—-Mr. Spence—in 
the same hospital during the same time, by the use of methods 
of treatment which were not aseptic but which consisted 
sometimes in the application of water dressing, sometimes of 
boracic lint, and in some cases no dressing was used. I cannot 
give a name to the method of treatment. It was a mixture of 
principles, in fact a sort of mongrel method. There were certain 
differences in the hygienic conditions which will be presently 
alluded to, but these were all more favourable to Mr. Spence. 

Mr. Spence's report extends from October 1872 to April 
1878 with the exception of the winter session 1874-75.' I 
regret that I cannot find any report for this session, as during 
it there was a virulent epidemic of erysipelas in Edinburgh, 
and it would have been interesting to know how Mr. Spence's 
cases progressed during that time. Taking, however, the 
period so far as it is given, but always remembering that 
a very testing winter included in Mr. Lister's results is not 
present here, we find that during this time 328 more or 
less severe operations were performed with fifty-eight deaths, 
and that three cases of compound fracture were treated con-
servatively with one death. What proportion of these deaths 
were due to infective disease, we shall, I suppose, never know. 
In sixteen out of the fifty-eight cases the cause of death is not 
stated at all; five died within thirty hours, and may therefore 
be left out of consideration ; while in eight the fatal result is 
directly assigned to septic poisoning. In twenty-nine of the 
cases no distinct causes of death are given, though such state-
ments as the existence of irritative fever, unhealthy action in 
the wound, uncontrollable oozing of blood, &c., lead us to sus-
pect that infective disease was also at work in these instances. 

These results form a marked contrast to Mr. Listers. 
1 See Medical Times and Gazette, March 13, 1875 ; the same journal for 

October 28, 1876; and the November and December numbers of the Edinburgh 
Medical Journal for 1879. 

Here we have a percentage mortality of nearly eighteen p.c. as 
compared with Mr. Lister's percentage mortality in aseptic 
cases of nearly five p.c.. i.e. a mortality in septic cases 3-7 times 
greater than in aseptic ones. And further the cases of death 
which are distinctly stated by Mr. Spence as having been due 
to septic diseases were eight in number or 2-4 p;c., that is to 
say, eight times more than the mortality from similar causes in 
Mr. Lister's aseptic practice. And, as I have just indicated, the 
mortality, from these causes in Mr. Spence's practice was 
probably very much greater; and this difference is not due to 
greater severity of the operations in Mr. Spence's practice, as 
we shall see from the following statement of the nature of his 
cases. 

During this period Mr. Spence performed 97 amputations, of 
which 25, or 25-7 per cent., died. (Compare this with Mr. Lister's 
mortality of 11-25 percent, after amputations performed on aseptic 
principles.) 

The following table gives Mr. Spence's results in major amputa-
tions :— 

Hip. 
Thigh . 
Knee-joint 
Leg. 
•ànkle 
Shyulder . 
Arm 
Fore-arm . 

Total 

Secondary to rrimary injury and Total for disease 

Cases Deaths Cases Deaths Cases Deaths 

0 0 3 1 3 i 5 3 26 6 31 9 1 0 0 0 1 0 4 0 Í) 2 13 2 1 0 24 2 25 2 
1 1 3 1 4 2 2 1 7 2 9 3 2 2 2 2 4 4 

16 7 74 16 90 23 

From tins table I have excluded 6 partial amputations of the 
loot, with 2 deaths, and 1 partial amputation of the hand. These 
are included by Mr. Spence among his major amputations, but I 
nave already excluded such operations from Mr. Lister's list 

As to the causes of death in these cases, one patient on whom am-
p Mionat the hip-joint was performed rallied after the operation, 
tmt sank suddenly next day. One case of primary amputation of the 
thigh died from shock, and 1 from pyemia: 1 amputation of the 



thigh for disease died of tubercular meningitis; 1 died 5 days after 
the operation, and it is stated that he had diarrhoea; in 1 case oozing 
of blood came on 2 or 3 days after the operation. One secondary 
amputation at the ankle-joint died from septic poisoning, ana 1 had 
diarrhoea and tabes mesenterica. One fatal case of amputation at the 
shoulder-joint had repeated hemorrhages from the wound. One case 
of amputation through the upper arm died 2 days after the operation 
having had continuous oozing of blood; in 1 case general oozing 
began on the 6th day but was arrested by styptics, and the patient 
died on the 7th day. One primary amputation of the fore-arm died 
from pneumonia, and 1 had fever, traumatic delirium, diarrhoea and 
vomiting, and died on the 10th clay; 1 died from erysipelas and 1 
from pleurisy and pneumonia. The causes of death in the other 
fatal cases (S in number) are not referred to. 

Among the other cases treated were 57 excisions of various joints, 
of which 7 died; 34 excisions of the mamma with 2 deaths; 10 cases 
of lithotomy with 1 death ; 44 cases of removal of tumours with 8 
deaths; 9 complete or partial excisions of the tongue, 4 deaths; 
4 cases of tracheotomy, no death ; 31 operations for necrosis, no 
death; 1 operation for badly-united fracture of the femur, no 
death ; several miscellaneous severe operations, 6 deaths ; 3 excisions 
of the lower jaw, no death; 3 castrations, no death; 2 cases of 
trephining. 

On comparing these cases with Mr. Lister's we find that 
the operations were not more severe, and yet the mortality was 
nearly four times as great. 

Mr. Spence had thirty-one amputations of the thigh against 
Mr. Lister's twenty-nine, but nine deaths against three. 

The total number of cases in which bones were operated on, 
such as for ununited fractures, excisions, &c. was greater in 
Mr- Lister's practice, and yet he had no death as compared 
with Mr. Spence's seven fatal cases. This difference is the more-

remarkable when it is remembered that many of Mr. Lister's 
operations were performed on healthy bones, while the greater 
number of Mr. Spence's were performed on diseased bones. It 
is less dangerous to operate on the extremity of a bone than on 
the dense shaft, especially where the medullary cavity is 
opened. And the dangers of the operation are diminished if 
the bone be previously the seat of chronic inflammation, for a 
chronically inflamed bone is well advanced on the road to 

granulation, and granulation is, therefore, much sooner com-
plete after the operation than in the case of healthy bone In 
other words, the time during which there is risk of absorption 
from the wound is shorter in the case of chronically inflamed 
bone than in the case of healthy bone, while the risk is from 
the first less, because in the diseased bone a partial barrier is 
present from the beginning. 

Then, among Mr. Spence's cases there is not a single in-
stance of simple incision and insertion of a drainage tube into 
a healthy joint, a diseased joint or a suppurating joint, while 
Mr. Lister had seventy-six of these cases. 

Then, also, Mr. Spence does not seem to have treated a 
single case of psoas or lumbar abscess. 

Thus, however we look at the matter, the contrast between 
septic and aseptic surgery is very markedly in favour of the 
latter. This is well seen in Mr. Lister's own hands, in which 
the results of cases treated aseptically were much better than 
of those treated in other ways, these results being obtained bv 
the same surgeon, in the same wards, and during the same 
time. The same contrast in favour of aseptic surgery is shown 
by the results obtained by another surgeon, in the same hospital 
during the same time, and under circumstances in every way 
more favourable, both as regards the severity of the cases and 
he hy g i e mc conditions under which the patients were placed 

M regard to the latter point, it must be noted that Mr' 
(pence a wards were well ventilated and at the top of the build-
ing; Mr. Lister's wards were at the lower part of the building 
some on the basement floor. Mr. Spence did not overcrowd 

7 a r d s ' " T-ter had as a rule nearly seventy p S ^ n 
wards containing fifty beds, and these beds were mor c ^ e W 
packed than Mr. Spence's. (The way in which this Z 
managed was, that those adult patients who were well enough 
to be up during the day, slept on mattresses placed in varied 
a t of the ward at night, while children were placed two, t h " e 

and sometimes even four in a bed.) Then, las ly, Mr. Spence's 
wards were thoroughly cleaned out once a year Mr. Lister's 

h a n d ' d i d n o t ' a t h i s - — 

That the wards in which Mr. Lister worked were unhealthy 



wards, is shown by the results obtained by Mr. Syme during 
his last four years. Of amputation cases (120 in number) he lost 
twenty-five from infective diseases alone, while Reyher,1 who pub-
lished these comparative statistics, states that Mr. Lister, up till 
the end of 1873, in 123 amputations, had not lost one from infec-
tive disease, unless indeed we include a case of tetknus as such. 

These statistical facts fulfil the conditions required by Mr. 
Holmes in his recent utterances, and they are therefore 
deserving of careful consideration. 

I shall now pass on to consider Mr. Lister's results in King's 
College Hospital, from November 1877 till November 1880. 
During this period there were 207 operations performed asepti-
cally, of which fourteen died. All of the operations were more 
or less serious, and the following is a sample of them, with the 
causes of death in the fourteen cases. 

There were 3 amputations at the hip-joint for disease, with 1 
death. This case died from shock half an-hour after the operation. 

There were 4 amputations of the thigh for disease, of which 3 
died :—1 got suppression of urine on the second clay and died; his 
kidneys were extremely fatty, and the fact that he had marked albu-
minuria had been overlooked before the operation. One case died of 
pneumonia; he had a slight cold before the operation, caught from 
draughts in the ward; afterwards he got pneumonia, which was 
apparently distinctly traceable to exposure during the energetic ven-
tilation of the wards in the intense cold of winter. (Such ventila-
tion is, I need hardly say, unnecessary in wards where aseptic treatment 
is carried out; the comfort of the patients is the point to be attended 
to rather than the constant flow of a current of air through the 
wards.) A post-mortem examination was not allowed in this case 
The third case was One of spontaneous gangrene of the foot and leg, 
where amputation of the thigh was performed. Gangrene recurred, 
and the patient died on the 4th day after the operation. 

There were 2 amputations of the fore-arm. No death. 
There were 16 excisions of the mamma and axillary glands, with 

2 deaths. Both operations were very extensive, and both patients 
died from shock within 36 hours. 

There were 13 incisions into healthy joints, no death; 5 in-
cisions into joints affected witli synovial degeneration, but without 
suppuration, no death ; 3 incisions into joints affected with synovitis, 

1 Arvhivfur Klin. Chirurgic, Bel, xvii. p. I'Jl). 

no death ; 9 incisions into suppurating joints, 2 deaths, one of which 
was due to tubercular meningitis, confirmed on post-mortem examin-
ation, and 1 occurred in a child admitted with acute abscesses in 
various joints, m fact with pyemia after scarlet fever; he died 2 
days after admission. 

There were 31 operations on healthy bones for deformities 
ununited fracture, &c. No death. ' 

There were 8 abscesses (lumbar or psoas) connected with disease 
of the spine One death. This case putrefied, and the patient was 
sent home, but died at home from exhaustion a few weeks later 
Though not a death in hospital, it is a death in a case treated at the 
fast aseptically, and I have therefore included it. Putrefaction occurred 
owing to the circumstance that the patient suffered from carbolic 
acd poisoning, and hence the dressings were left on longer than 
usual and thymol dressings were ultimately substituted for the 
carbolic gauze, with the result that the discharge putrefied 

There were 4 cases of strangulated hernia with 3 deaths. In one 
fatal case the bowel was gangrenous j the gangrenous portion was cut 
away and the divided ends of the gut united by suture; the patient, 
who was collapsed at the time of the operation, died in 2 or 3 hours 
In one case the patient, an old woman, was ina state of collapse at the 
time of the operation and never recovered, dying within 24 hours Tn 
one case the gut, which was in a suspicious state at the time of'the 
operation gave way 60 hours later, and its contents escaped into the 
peritoneal cavity. The patient died in a few hours 

There were 3 operations for radical cure of hernia, in which the 

N o " h . S a C ^ CUt ^ ^ ^ « ™ 

d 0 J f ~ 3 C 7 \ 0 f a C U t e neCt'°SiS W h e r e i n c i s i 0 n s w e r e ™ade 
I t e d a, m T V d m U a g e t u b 6 S i n S e i- t e d ' hones were not 
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m a S e p t i C W S t a t e operation, 
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which had become thinned by the pressure, and in removing the 
tumour the thin membrane gave way. Thus the case was no longer 
an aseptic one. The putrid matters passed down the trachea 
and gave rise to inflammation of the bronchi. The difficulty in' 
breathing was not relieved by the operation. The patient died 16 
days after the operation. At the post-mortem examination an open-
ing was found in the trachea large enough to admit the tip of the 
little finger, and communicating with the wound. The lungs were 
«edematous, and a small quantity of pus could be squeezed from 
various parts, but there were no abscesses or infarcts. A W e 
tumour was found in the thorax surrounding the trachea, and partly 
also the arch of the aorta. There were no other" post-mortem 
appearances. This is, of course, a septic case, and ought not to be 
included in this list, but I insert it, as the operation was undertaken 
with the intention of performing it aseptically, and as it is such a 
marked contrast to the others. 

Then there were a number of single operations, which it would be 
too tedious to enumerate, such as 2 cases of nerve stretching, 2 cas-
trations, 1 operation for aneurismal varix, o varicoceles (veins tied), 
removal of tumours of various kinds, &c. 

If now we look at the causes of death we find that several • 
were unconnected with the treatment of the wound. Thus the 
case of shock after amputation at the hip-joint and the two 
fatal cases after excision of the mamma are quite irrelevant. 
So also are the three deaths after strangulated hernia, the 
death from tubercular meningitis, and the death of the little 
boy admitted with pyaemia. 

How are we to look at the cases of death from suppression 
of urine, after acute necrosis, and after recurrence of gangrene ? 
Could these have been prevented by any method of treatment? 
The thyroid case was a septic one. 

This leaves us with two cases to consider: the case of 
pneumonia, which I myself saw, and which I, as well as others 
who know the facts, firmly believe to have been caused by im-
prudent ventilation; and the fatal case of psoas abscess, which 
undoubtedly ought to have been avoided, and would in all 
probability have been so, had not the patient been so sen-
sitive to the effects of carbolic acid. 

During these eight years, three wounds of healthy joints 
and fourteen compound fractures were treated, with one death. 

This death occurred in a case of compound fracture of the 
skull, the patient being comatose when admitted; trephining 
was performed, but he died within twenty-four hours. There 
were also a number of more or less severe wounds under treat-
ment at the same time. 

Looking then at the whole results attained by Mr. Lister 
we must, I think, come to the conclusion that he is correct in' 
stating, from his own experience, that infective disease is 
abolished by aseptic treatment, so that, if an operation can 
be performed aseptically the risk of infective disease may 
practically be left out of consideration in deciding on the ad-
visability of the operation. This view has been amply borne 
out, as I have shown, by thirteen years' constant work in three 
different hospitals—none of them particularly noted for health-
iness. 

One of the first surgeons to take up the aseptic method 
thoroughly, was Professor Volkmann of Halle; and he has con-
tributed some remarkable testimony to the efficacy of the 
system. For many years he had used the open method, and 
during the war m 1866 all amputation wounds were treated in 
this way. He also employed immersion in water containing-
carbolic acid: recent wounds of the hands and feet were placed 
m vessels containing this solution. In his earlier cases the 
wounds were stitched, drainage being provided for, but for the 

Z S Z m n h e a d ° P t i 0 n ° f t h * a s e p t i c ^ d - i . e . 

>P tiU 1872-he eft the wounds quite open. During the first 
h e l l these rnethods of treatment were carried out, 
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I need not go into the details which he gives as to the 
hygienic conditions of the hospital. They seem to have been 
very wretched. There were no proper arrangements for venti-
lation ; waterclosets opened into the wards ; there was no place 
for keeping the dead bodies, which were therefore laid in a 
cellar situated beneath the surgical wards, and the wards were 
full of beds. It was under these conditions and in this infected 
atmosphere that the aseptic method was first employed. 

Volkmann's first report extends from December 1872 to 
February 1874.1 This was the period in which he was learning 
the method, and I shall not, therefore, refer at length to his 
results during this time. Among the cases in which the aseptic 
method was tried there was one death from pyaemia and one 
from erysipelas. Erysipelas attacked eight wounds treated on 
aseptic principles. There were other cases of infective diseases 
in the hospital during this time, but these were either admitted 
while suffering from them, or they arose in cases not treated 
aseptically. 

This remarkable result was obtained in a hospital which, 
at the commencement of this period, was going to be closed on 
account of the enormous mortality from these diseases. Surely 
here there was some benefit derived from the introduction of 
the aseptic m etbod! And it must be noted that these two 
deaths from infective disease occurred in the early period of 
aseptic practice and, with regard to them and the erysipelas 
cases, Volkmann states that he could generally point out an 
error in the manipulations, as a rule, in the mode in which the 
dressing was applied. In a note written in 1875 Volkmann 
states, that during the last eighteen months,2 i.e. from the 
middle of December 1873, there had been no case of pyaemia, 
and erysipelas had almost or altogether disappeared. With 
regard to these results Volkmann expressly shows that they were 
not due to the mere use of carbolic acid as a disinfectant, for 
carbolic acid had been, as I have just stated, extensively em-

1 licit?age zur Chirurgie, 1875 : ' Ueber den Antiseptischen Occlusiv Verband 
mid seinen Kinfluss auf den Heilungsprocess der Wunden; ' Volkmann s 
Sa.rn.mlwg, No. !)(!, 1875. 

2 In the Appendix Volkmann states that this holds true for metastatic 
pyjemia, but that only fifteen months had elapsed since he had a case of 
'Pyfemia simplex.' 

ployed during the preceding period to irrigate wounds, but 
latterly without any apparent benefit. 

In 1877 Volkmann published the continuation of this 
report,1 and I will refer to it in some detail. The report extends 
from March 1874 to March 1877, a period of three years He 
does not give all the cases treated, but, omitting the septic 
cases, there is a record of 465 operations performed with aseptic 
precautions. Of these cases 29 died. 

Among these 465 operations were 157 amputations, of which 15 
died. On analysing these cases of amputation we find that 139 of 
hem w®re uncomplicated with other injury or mutilation, and of 
hese only 4 died. Three of these deaths occurred within thi first 24 

hours from shock, and 1 from 'habitual erysipelas.' Omitting from 
this lis , partial amputations of the foot, there were 132 major 
amputations, with 4 deaths, or, leaving out the cases of shock, wh ch 
w-e of course independent of the method of treatment, there were 
129 major amputations, with 1 death. 

The following is the list arranged in a tabular form 

Amputation at the shoulder-joint . . . ^ ¡ T 
„ through humerus . . . . 1 4 
» „ forearm . . . . 2 3 
,, at wrist-joint. g 

„ hip-joint • . . . . 2 7» 
through thigh • . . . 42 ] * 

leS • • . . 25 i f 
ai. ankle (Symc and Pirogoff) . 1 9 

» partial of foot . 7 

T o t a l • 139 ~ r 

* Died from shock ; f from 'habitual erysipelas.' 

w i J n T V T 9 C3SeS f d 0 U W e mutations, with 2 deaths; 1 died 
S r i t T , r a n d 1 ( , i ed 011 t h e t h i r d da>' Copulation through both thighs) with symptoms of collapse. 
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joint with fracture of sternum and ribs; fracture of the skull, fracture 
of ribs, and amputation through both thighs, &c. One case died on 
the fourth day, never having recovered from the state of collapse; 
here amputation through the thigh had been performed, and the 
patient had also sustained a severe bruise of the abdomen. One case 
of amputation of the thigh, along with a severe injury to the hand, 
died of tetanus on the 14th day. 

Lastly, 3 cases died of intercurrent diseases. These were a case of 
amputation through the leg, which died of delirium tremens; an 
amputation through the femur, from pneumonia, on the 21st day, the 
wound being practically healed; and a case of amputation through 
the humerus, in which abortion occurred, followed by the patient's 
death from puerperal fever. 

Ninety-one excisions of joints were performed, with 5 deaths: 
2 excisions of the hip died from shock; 1 excision of the hip from 
haemorrhage months after the operation; 1 excision of the hip from 
thrombosis of the iliac vein two months after the operation : 1 exci-
sion of the knee from tubercular meningitis. Among these cases 
were 44 excisions of the hip, which recovered. Two cases died from 
intercurrent disease, viz., 1 excision of ankle-joint from delirium 
tremens, and 1 excision of the shoulder-joint from phthisis and 
hajmoptysis. Thus there were in all 93 cases of excision of joints 
with 7 deaths. 

There were 10 operations for ununited or badly united fracture 
without a death; Also 50 cases of osteotomy, of which 1, a patient 
affected with the hemorrhagic diathesis, died from hemorrhage. 

There were 45 cases of hydrocele treated by opening the sac, stitch-
ing it to the skin and introducing a drainage tube. No bad result. 

There wore 119 cxcisions of the mamma in 110 patients. Among 
these were 75 cases in which the fat and glands in the axilla were 
also removed. Of the 110 cases 6 died; 1 from shock, 1 from 
anthrax, which Yolkmann thinks must have been introduced with 
the cat-gut, 2 from exhaustion in old people, 2 from erysipelas—in 1 
case arising from a berl-sore, and in the other commencing after the 
antiseptic dressings had been left off. 

Up to this time Yolkmann had treated seventy-three com-
pound fractures and twenty-four wounds of joints conservatively 
without a single death. 

Adding together the whole results, we find that 562 serious 
operations and injuries were treated, with twenty-nine death?, 
not one of these being clue to infective disease arising under an 

antiseptic dressing. Volkmann further states that not a single 
case of pyaemia or septicaemia occurred among patients treated 
aseptically during these three years. Erysipelas attacked 
three or four of the cases which were treated on aseptic prin-
ciples. 

Here is a piece of evidence which cannot be overlooked 
Into an infected hospital the aseptic method was introduced 
without any other change being made in the arrangements of 
the hospital. At once the infective diseases, which were attack 
ing almost every patient, disappeared in the eases treated 
aseptically, only one case of pyaemia and about twelve of ery-
sipelas occurring during more than four years, and almost all of 
these arising at the very commencement of the trial when'as yet 
the surgeon had not had sufficient experience of the working 
of the method. When this experience was obtained, these 
diseases practically entirely disappeared. In estimating these 
results at their proper value, we must also remember that 
during the aseptic period, operations were performed and limbs 
preserved m a way impossible in an infected atmosphere. What 
would have been the result of the 150 operations on bones, or of 
the hydrocele cases, or of the wounds of joints, or of the com-
pound fractures in the former infected atmosphere, if they had 
not been treated aseptically? What would their result have 
been in a good atmosphere, such as St. Bartholomew's hospital 

there"? ^ ^ ^ ^ W * * * i n f e c t i v e l e a s e s 

Similar remarkable facts have been published by Professor 
Missbaum of Munich, who commenced aseptic treatment two 
years later than Professor Volkmann. The 'Allgemeines 
Krankenhaus ' at Munich, though by no means very deficTent S 
_an ta y arrangements, became infected with septic diseases, so 

ttack T K r ^ CESe ° f ° p e n W 0 U n d t r e a t e d i n the wards was 
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of coi^ound fracture or wounds of bones, amputation wounds, 
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cent. Erysipelas, too, which in 1872 was comparatively mild 
became much more virulent and frequent. All this occurred 
in spite of the use of antiseptics, of the open method, &c. 

In an address delivered in 1875, at the end of the academi-
cal year,1 Professor Nussbaum mentions these facts and describes 
also the results which followed the introduction of strict aseptic 
treatment. With regard to his former results, to which I have 
just alluded, he says that he had employed in the treatment of 
wounds the open method, various forms of occlusion, continuous 
water-baths, chlorine water, carbolic acid, salicylic acid in pow-
der and solution, Mr. Lister's carbolic paste, and even the car-
bolised gauze dressings. ' Alles, alles,' says he, < war nicht im 
Stande, den Hospitalbrand, die Pygemie zubekämpfen.' With-
out any other change, strict aseptic treatment was used in all 
possible cases, and then, he says, at once they experienced one 
surprise after another: everything went well; there was no 
more hospital gangrene, though a week or two previously eighty 
per cent, of the wounds were suffering from i t ; pyasmia and 
erysipelas were only observed in one or two cases, and these 
disappeared as skill in the use of the method was acquired. 
Nussbaum adds : ' One might reply' (to these facts),' pyemia 
and hospital gangrene are diseases which often suddenly attack 
a hospital without any apparent cause and often also suddenly 
disappear. But think, my friends, that during the sixteen 
years in which I have had charge of this hospital pyemia has 
not been absent a single month, and yet it suddenly disappeared 
on the introduction of the Listerian method.' 

A year later, Dr. Lindpaintner, Professor Nussbaum's assis-
tant, published a detailed account of Nussbaum's practice from 
April 1st, 1875, to the end of March 1876.2 I shall not enter 
at length into these results, but there are some points to which 
I must call attention. 

During this period there were 459 operation or accidental 
wounds under treatment, and of these twenty-six died. The 
cases were not all treated aseptically as will be evident when I 
consider the causes of death, to which I must now allude. 

1 Die Chirurgische Klinik zu München im Jahre 1875: Stuttgart: Fred. 
Enke, 1875. 

2 Deutsche Zeitschrift für Chirurgie. 

Three cases in which primary amputation was performed died 
in a few hours. Other extensive injuries were present in all these 
;nstances. 

One patient, set, 79, died suddenly of cerebral hemorrhage 31 days 
after resection of the elbow joint. 

In one case a malignant tumour of the scalp was removed, and 
the disease was found to have perforated the skull. Recurrence 
rapidly took place, and the- patient died with symptoms of com-
pression. 

One case of gunshot wound of the skull and brain went on well 
for 11 days, and then died suddenly. Cause unknown. 

A large abscess of the mamma connected with caries of the ribs 
was opened aseptically, and was progressing typically, when death 
occurred suddenly on the 3rd day. Cause unknown. 

One case of large ulcer of the leg, which had healed, died of phthisis 
nearly 4 months after admission. 

One case of extensive abscess of the knee-joint, which was incised 
aseptically, died of phthisis 5 months after the operation, the knee-
disease having recovered, and the wound having completely healed. 

One case of extensive suppuration in the parotid region died. 
There was constant vomiting, and on post-mortem examination 
catai*rhal pneumonia was found. 

A very weak, unhealthy subject, suffering from compound fracture, 
for which secondary amputation was performed, died 5 days after the 
operation from thrombosis of the pulmonary artery. 

One case of excision of the mamma (et. 72) died, and on post-
mortem examination there was found cancer of the lungs, capillary 
hemorrhages in the stomach, and extensive aphthous patches in the 
(esophagus. Death was sudden after the existence of difficulty of 
breathing for a few hours. 

In one case of excision of the mamma peritonitis set in on the 4th 
day, though up to that time the patient had been doing well. The 
peritonitis was found to proceed from a cancerous tumour in the liver, 
which was breaking down. 

One case of excision of the mamma died on the 15th day from 
unilateral pleuropneumonia on the same side. 

Onê  case of large abscess in the neck died of 'fibrinous peri-
carutis' 38 days after the abscess was opened, and after it had 
healed. 

One case of ovariotomy, in which there had formerly been peri-
omtis, and where extensive adhesions were present at the time of the 

operation, died of peritonitis. 



One case of compound fracture of the leg, which was doing well 
died of myocarditis on the 25th day. 

One case of resection of the elbow-joint died of cedema of the 
lungs and fatty embolism on the 11th day. 

One case of compound fracture of the femur in which the bone 
was very extensively comminuted and the knee-joint opened, died of 
septicemia. 

The remainder of the fatal eases occurred in patients not treated 
aseptically, and were due to septicemia, erysipelas, pneumonia 
pyemia, phthisis, peritonitis, and shock. 

I have thought it well to mention all the causes of death, 
and now I shall summarise what Dr. Lindpaintner says as to 
septic diseases. 

Erysipelas occurred six times during that year, but not in 
any case which was being treated aseptically. It occurred in 
four cases of septic wounds, in one case after the Listerian 
dressings had been left off, and in one case of excision of the 
mamma treated aseptically but spreading from an inflammation 
in the neck and never extending under the dressing. 

There was no case of hospital gangrene. 
There were three cases of septicaemia—one after a septic 

operation (excision of the hip), one case admitted with septic-
aemia, and one case of compound fracture in which an unsuc-
cessful attempt was made to eradicate the causes of putrefaction 
(alluded to above). 

There were three cases of pyaemia—one occurring after a 
putrid wound in the thigh, one in a case with putrid sinuses 
near the elbow-joint, in which no operation was performed, and 
one after dilatation of a stricture of the urethra which had 
followed a previous amputation of the penis. 

There was thus only one case of infective disease among 
the cases treated aseptically—the case of bad compound frac-
ture of the femur. Here, of course, the surgeon had not to deal 
with a wound made by himself, but with one made without 
aseptic precautions, and it is of course always a matter of un-
certainty in such instances whether the wound can be after-
wards rendered aseptic or not. The case of peritonitis after 
ovariotomy and the cases of pericarditis and myocarditis might 

no doubt be attributed to failure in tlie method. Whether or 
not they were due to such a cause, I do not know. 

This success in the exclusion of traumatic infective disease 
has continued up to the present time in the cases treated asep-
tically, and in a publication of Professor Nussbaum's in 1878, 
entitled ' Sonst und Jetzt,'he states that there had been no 
further instance of these diseases. It may be interesting to 
see what he says:— 

FORMERLY. N O W . 

' Injuries of the head, compound fractures, am-
putations and excisions, in fact, almost all patients 
in whom bones .were injured were attacked by 
pyaania, For example, of 17 cases of amputation 
11 died from this cause. Even patients with 
severe whitlow died of it pyemia. 

' Hospital gangrene had got the upper hand to 
such an extent, that in spite of the open method, 
in spite of continuous water-baths, in spite of the 
use of chlorine water or the actual cautery, finally 
80 per cent, of all wounds and ulcers were attacked, 
large arteries being opened into. . . . No hospital 

gangrene. 
£ Almost every wound was attacked with erysi-

l,elas No erysi-
pelas.' 

Still later, in the last edition of his work on antiseptic 
surgery, published in 1880, the same statement is reiterated 
aid Nussbaum now says, that since the introduction of the 
aseptic method there has been no instance of pyemia, hospital 
gangrene or erysipelas among the patients treated in that way. 
And yet, he adds, no other change has been made; < the wards, 
the furniture, the nursing of the patients and their number 
remain the same.' 

Indeed, in summing up his five years' experience he goes so 
ar as to say that < any recent wound, treated by this method, is 

guaranteed against pyaemia, hospital gangrene, erysipelas, pro-
gressive suppuration, and in general against all accidental com-



plications.' And further: ' The fate of a patient seriously 
wounded is almost entirely in the hands of the surgeon who 
applies the first dressing.' Such is Nussbaum's experience after 
using this method for five years in a hospital in which infective 
diseases were very prevalent. 

These facts cannot be overlooked, and are of the very greatest 
value—of much more value than any number of results in 
healthy hospitals. For here we have an immediate abolition of 
traumatic infective diseases, only one case occurring in five 
years, and that after a wound not made by the surgeon; there 
was thus not merely a great diminution in the frequency of 
these diseases but absolute cessation. These facts, when 
surgeons in this country have deigned to notice them, have 
been attributed to increased cleanliness alone, the result of the 
introduction of strict aseptic precautions. It is asserted, and 
the assertion no doubt holds good in many places, that duty 
sponges, dirty instruments, &c., were used in dressing the 
various cases, and that no care was taken to cleanse the instru-
ments after their use, nor to keep apart those employed in bad 
cases. I venture, however, to affirm that these objections do 
not apply to the practice of such men as Bardeleben, Esmarch, 
Hueter, Nussbaum, Volkmann, and many others whom I might 
mention—men who are at the head of the surgical profession, 
and who owe their high reputation to their thorough knowledge 
of physiology and pathology. In Professor Nussbaum's case this 
objection cannot be upheld for one moment, for he had charge 
of two hospitals, one in the country placed under good hy-
gienic conditions, and the other in town not so well situated in 
these respects. The same surgeons and the same methods of 
dressing and nursing were employed in the one institution as 
in the other, and yet the country hospital remained healthy, 
while the one in town became infected. Surely the same un-
cleanliness would have told, at least to some extent, in the 
country as in the town. But further it must be remembered 
that the result of the use of the aseptic system was not merely 
the diminution, but the abolition, of these infective diseases. 
Now cleanliness, as advocated by Mr. Savory— and I shall refer 
to this matter again—does not result in the abolition, but merely 
in the diminution of these affections, and I clo not allow that 

the results which Mr. Savory gives were solely due to clean-
liness as distinguished from asepticism. 

Then, again, these diseases disappeared at once, for Nuss-
baum tells us that from the day when he began this treatment 
thoroughly, these diseases never attacked any of the cases so 
treated. What an extraordinary amount of cleanliness would 
be required to effect this ! But indeed we are told that clean-
liness alone had not been able to abolish these diseases, even 
after several years' practice of it, for Nussbaum says in 1878,1 

that even then a tracheotomy or other wound which could not 
be treated aseptically was liable to be attacked by erysipelas of 
as severe a type as formerly. And, further, Nussbaum had been 
practising cleanliness before the introduction of the aseptic 
method; for many of the wounds were irrigated with anti-
septics, such as carbolic acid, &c., without any apparent benefit. 
Cleanliness is, no doubt, a most excellent thing in its own 
place, but its power as a preventive of infective disease in an 
infected atmosphere is very limited indeed. 

And lastly, it cannot be said that Nussbaum does not now 
diagnose as infective disease cases which he would formerly 
have classified under that heading, for post-mortem examina-
tions are made on all the fatal cases by Professor von Buhl, 
quite independently of Professor Nussbaum, and thus any such 
error would be corrected. Nussbaum remarks in a note to 
Mr. MacCormac ('Antiseptic Surgery'), ' the mortality is 
reduced to one half, and the only cases brought to the 
postmortem room are those of death by suicide, from severe 
mechanical injury, in old people, or from cancer and tubercle.' 

Socin of Basle uses language very similar to that of Nuss-
baum with regard to the occurrence of infective diseases. He 
has also observed their complete disappearance under aseptic 
treatment, and as the result of his experience, he says that, 
. E v e i7 ^se of amputation which dies of pyemia or of erysipelas 
is> a victim of ignorance, of want of skill or of negligence on 
the part of the surgeon.' 

Saxtorph of Copenhagen has had an experience similar to 
^at of Volkmann and Nussbaum. His results are quoted at 
considerable length in Lucas Championniere's ' Chirurgie Ariti-

1 Sun at vnd Jetzt. 



septique,' to which I must refer the reader. I may, however 
just mention the following facts. 

Before 1873 Saxtorph had performed 15 excisions of joints 
of which 9, or 60 per cent., died. These wounds were treated 
in the ordinary manner. He then introduced aseptic pre-
cautions, but they were very imperfectly carried out. During 
this period (between 1873 and 1877), he performed 76 ex-
cisions of joints with 32 deaths, or a mortality of 42 per cent • 
The method was then carried out more efficiently, and since 
1877, 34 excisions of joints (including 15 of the hip and 12 of 
the knee), have been performed with 5 deaths, or a mortality of 
17 per cent. Indeed, Professor Saxtorph says that since he has 
carried out the method with absolute strictness, according to 
Mr. Lister's directions, he has performed 24 major excisions 
with 1 death (from tetanus), or a mortality of 4-3 per cent. 
This result has also been obtained in a bad hospital where 
infective diseases were common. The increased success, ac-
cording as more efficient precautions were taken to exclude 
the causes of putrefaction, is very interesting and important. 

Another strong advocate of the aseptic method is Professor 
Esmarch of Kiel. In 1875, he introduced the method into his 
wards, which had previously been especially liable to attacks of 
erysipelas. The report of the first year in which Esmarch em-
ployed this method is published by Waitz in ' Langenbeek's 
Archiv ' for 1877, and he states that 536 operation cases were 
under treatment during that year, and of those treated aseptic-
ally only four were attacked by erysipelas (one of these cases 
died). Two patients who were treated aseptically died with-
out any definite symptom except the presence of a continuous 
high temperature—septicemia (?). Two cases died of pyemia, 
but neither of these tell against the method ; one was a case of 
acute necrosis where an abscess was opened, but where, never-
theless, pyemia carried off the patient; the other was a case 
of herniotomy, in which the gut was found to be gangrenous. 

These results were very good for the first year of aseptic 
work, but as Esmarch and his assistants gained experience, the 
cases of infective disease became fewer and fewer. His report 
for 1878 is alluded to by Mr. MacCormac,1 who states that 

1 Antiseptic Surgery. 

Esmarch had during that year treated 524 cases with 25 deaths. 
These cases include forty amputations, 27 major resections, 80 
cases of removal of tumours, &c. Mr. MacCormac gives a list 
of the causes of death, and among them were two from septic-
emia after excision of the mamma, presumably performed 
aseptically, though that is not expressly stated; no facts are 
given with regard to them. One case of ovariotomy died from 
peritonitis. In this, as in many other reports, no separation 
is made between cases dressed aseptically and those treated by-
other methods. 

Mr. MacCormac states that Professor Esmarch informs him 
that his next triennial report will show better results. A part 
of this report is already furnished by Dr. Neuber, in his last 
communication on absorbable drainage tubes and permanent 
dressings.1 

Between the end of April and the beginning of October, 1879 all 
the cases treated aseptically were dressed in this way. These were 
131 in number, comprising 5 amputations of the thigh, 7 amputations 
of the leg, 1 at the knee-joint, 1 through the humerus, and 1 through 
the fore-arm; 2 excisions of the knee-joint; 4 excisions of the 
mamma and axillary glands; 5 excisions of the mamma alone - 16 
excisions of large lymphatic glandular tumours from the neck varying 
rom 1 to 2 fists in size; 16 excisions of other tumours, &c. During 
this period 3 patients treated aseptically died, viz., one case of ex-
cision of the hip from shock ; one case of removal of carcinoma from 
the ear of a patient (at. 70), in which there were secondary affections 
oi the glands m the neck, &c„ from hypostatic pneumonia; and one 
patient, who was suffering from septicemia before his thigh was 
amputated, and who afterwards died of that disease (not a case in 

During the next 2 months 60 additional cases were treated in this 
Z o T d T ta d e a t L T T COmpn 'Sed a mI 'U t a t i 0-> resections, 
Z Z li ' r e m 0 V a l 0 f t U m 0 U r S ' &C- T h u s these 8 
i ' ^ t ? - , W e r e t r e a t e d optically with 3 deaths, but in no 
instance did infective disease arise after the operation.* 

bought tow«?0!1 MedlCat1 C°r'grCSS ° f thiS yCar' Pr0f" h 
Xeuber s method nf ^ ^ ^ T h e c a s e s *ere treated bv 

method of permanent dressings, the antiseptic chiefly employed in 



Perhaps the earliest in Germany to take up asepticism was 
Professor Hueter of Greifswald, and he still looks on it as the 
best method and the ' greatest advance of modern surgery.' He 
uses salicylic jute instead of carbolised gauze, not because he 
believes it to be better, but because it is cheaper. 

Professor Czerny of Freiburg also added his evidence in 
1876.1 The number of cases to which he alluded was not 
great, but in his address at the end of the summer session 
1876, he stated that, he had been unable to show his class a 
single case of pyemia, hospital gangrene, or septicemia during 
the whole year. He had two cases of erysipelas, one of these 
occurring after sequestrotomy and attempted purification of the 
sinuses with chloride of zinc. (This was not a case operated 
on from the first aseptically.) 

Czerny says that in former years, with the exception of 
1875, during which aseptic treatment had also been employed, 
he had always had a considerable number of cases of infective 
disease in the wards. The abolition of these diseases could 
not, he says, be due to anything in the arrangement or service 
of the wards, for these remained unaltered. They were as 
full as formerly, as imperfectly ventilated, and the watercloset 
arrangements were unaltered. A greater number of patients 
were treated. The results had steadily improved with in-
creased care in carrying out all the details; and his belief is 
that ' the favourable results which have followed the intro-
duction of this method are to be ascribed to the accuracy 
with which Mr. Lister's directions have been followed.' 

In France this method was first taken up by Dr. Lucas 
Championniere, whose text-book and other writings 2 on the 

tlic? dressings having been Iodoform. They had recently Ireatcd 398 cases of 
major operations and injury with 6 deaths. There was no instance of in-
fective diseases. The cases were 146 excisions of large tumours, including 10 
excisions of the mamma and axillary glands and 14 castrations with three 
deaths—1 from pericarditis and old syphilis, 1 from apoplexy, and 1 from 
fatty heart; 61 resections ; 51 major amputations (IS of thigh, 27.of leg, 5 of 
arm, 1 of forearm), with 2 deaths—1 from shock and hajmorrhage, and 1 from 
delirium tremens; 11 exarticulations 26 necrotomies; 13 nerve stretchings, 
including one for tetanus, which was fatal; 8 herniotomies; 21 chronic 
abscesses; 12 large wounds ; 49 compound fractures. 

1 Berlin. Klin. Wochvnschrift, 1876, No. 43. 
- Chirurgie Antisrptique. 

subject, are now so well known. He also finds that pyemia 
septicemia, and hospital gangrene disappear when aseptic 
treatment is employed. He has at times observed erysipelas 
under this dressing, but the disease was very rarely present and 
of a very mild type. 

As the result of the writings of Lucas Championniére, 
several trench surgeons have introduced this Method but it 
has not as yet taken the same hold in France that it'has in 
Germany. I hose, however, who have used it properly make 
the same statements as to complete disappearance of infective 
disease. Among those who have employed this treatment and 
who have got these results may be mentioned M. Gross of 
.Nancy, who has written a text-book on the subject 

M. Létiévant, of Lyons, is also an enthusiastic 'supporter of 
this system.' He introduced it into his wards during the 
summer of 18co, and from that time pyemia disappeared and 
the mortality after operations and wounds greatly diminished 
His statements with regard to infective disease are : ' Purulent 
infection has disappeared. Hospital gangrene has disappeared 
Erysipelas is much rarer and less severe ' 1 

Professor Panas 2 also found that during a virulent epidemic 
those of his patients at the Lariboisiére who were t r e X 
aseptically escaped erysipelas and other septic diseases 

Eeturnmg to Germany, there still remain two pieces of 
statistics to which I must refer. 1 

The first is Schede's comparative statement of the results 

s j r s r r * a s e p t i c a i i y a n d ° f t h ° s e « e d ^ 

brcomplicated amputations treated aseptically : -

m*ote sur le pansement anthepUqw ^ ^ . ^ ^ 

" Gazette Mdamadaire, 1878 



At shoulder-joint 
Through humerus 

„ fore-arm 
At wrist-joint 
„ hip-joint 
Through thigh 
At knee-joint 
Through leg 
Partial amputations of foot (including 9 Syme's 

amputations, 36 Pirogoff's, 15 Cliopart's, 1 
Lisfranc, 4 of metatarsal bones)' 

32 
47 

4 
6 

86 
3 

69 

65 

321 

Deaths 
1 

4 
6* 

It 

14 Total . 
A mortality of 4-4 p. c. 

* One of these deaths was due to septicemia; f from 'habitual erysipelas;' 
one from ' pysemia simplex.' 

Uncomplicated amputations treated by the older methods :— 

At shoulder-joint 
Through humerus 

„ fore-arm 
At wrist-joint 

„ hip-joint 
Through thigh 

„ knee-joint 
„ l e g 

Partial of foot (8 Syme's amputations, 13~| 
Pirogoff's, 5 Malgaigne's, 9 Chopart's, 
1 Lisfranc, 3 of metatarsal bones -1 

Cases Deaths 
15 8* 
41 6t 
42 2 
10 — 

3 2t 
105 43§ 

7 111 
115 381 

39 10** 

110 Total . . . 377 
A mortality of 29-18 p. c. 

*f All from infective disease; J one from pyemia; § thirty-eight from 
infective disease; || from pyxmia ; 1 thirty-seven from infective disease; 
** nine from infective disease. 

Other tables are given stating the results of double ampu-
tations, of amputations with other severe injuries, of amputa-
tions in existing septicemia, pyemia or tetanus, and of deaths 
from intercurrent diseases quite unconnected with the operation. 
I need not, however, go into these, as, they would only obscure 
the point at issue. 

Schede tabulates the causes of death in the two preceding 
tables as follows:— 

In the septic In the aseptic 
cases cases 

Pyajmia . . . . . 72 0 
Septicasmia . . . . . 19 1 
Erysipelas . . . . . ' . . 2 1 
Trismus . ' 0 1 
Pyaemia simplex 6 1 
Haemorrhage . . . . 3 1 
Exhaustion . . . . 2 1 
Shock 6 8 

Total . 110 14 

Thus, as Schede truly remarks, if the deaths from infective 
diseases were removed from the list of septic cases, the death-
rate in each would be almost the same—about 5 per cent, for 
the septic cases, as against 4-4 per cent, for the aseptic. In 
other words, the aseptic method saved this enormous propor-
tion of lives in the main by preventing infective disease. 

The last paper to which I shall refer is Reyher's account of 
his results during the Russo-Turkish war.1 As I intend to 
discuss these results later I shall just mention the numbers 
here. 

Eighty-one cases were treated aseptically as soon as pos-
sible after the injury, and of these 15 or 18-6 per cent. died. 
Among these cases were 27 gunshot wounds of joints treated 
conservatively throughout with 4 deaths; 19 primary resec-
tions in eases of gunshot wounds of joints with 2 deaths; 13 
primary amputations with 5 deaths; and 22 compound frac-
tures with 4 deaths. Of the 15 deaths, 5 were due to septic 
diseases (2 to pyemia, and 3 to septic inflammation and sup-
puration). With regard to the deaths from septic diseases in 
these cases, we must remember that here the surgeon had not 
to deal with an operation performed by himself, in which the 
problem is to keep out the causes of putrefaction, for here the 
causes were in many instances already present. The deaths 
occurred in cases where these causes were present and were 
not destroyed because portions of clothing, &c., were present in 
recesses of the wounds. 

Contrasted with this were 65 compound fractures and 78 

1 Volkmann's Sammhuig, Nos. 142 and 113; Die aatiseptische Vv'undbeliaud-
Imginder Kriegschirurgie, 1878. 
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wounds of joints, in all 143 cases, which did not come under 
treatment for some time, and in which the generally unsuc-
cessful attempt at purification was made. Where these at-
tempts are unsuccessful the treatment resolves itself into 
treatment with antiseptics. Of these 143 cases treated with 
antiseptics, 71 or 49-6 per cent, had already died when the 
first part of the report was issued, and 2 more died subsequently. 
Of these at least 46 cases died of septic diseases. 

Then contrasted with both these sets of cases there were 
treated alongside of them 62 wounds of joints, in which no 
attempt was° made to render the wounds aseptic, or even to 
treat them with antiseptics. Of these, 48 or 77-4 per cent, 
had died when Eeyher wrote, and amputation or resection had 
been found necessary in most instances. 

Lastly, I would allude to the results obtained in ovariotomy 
by the leading ovariotomists of this country. Mr. Spencer 
Wells and Dr. Keith had for years striven to carry out perfect 
cleanliness and other antiseptic precautions short of complete 
exclusion of organisms from wounds, and the results of both 
were very remarkable indeed. And yet, since they have ex-
tended their precautions so as to exclude the causes of fermen-
tation, their results have still further improved, and they 
themselves—and they are the best judges-attribute this last 
improvement solely to the additional antiseptic precautions 
employed. 

Mr. Knowsley Thornton, in his speech at the debate on 
antiseptic surgery in December, 1879,' gave an analysis of 
more than 300 cases of fatal ovariotomy, and stated that m 
more than one-third of the cases septicaemia, pyaemia or septic 
peritonitis were given as the cause of death, and in nearly 
another one-third the fatal result was attributed to peritonitis. 
Mr. Tb.ornton pointed out further that the cases of peritonitis 
were almost entirely due to septic causes, and thus, as he 
states, two-thirds of the deaths after ovariotomy were due 
to septic -influences, and therefore, if these influences can be 
eliminated by aseptic surgery, the results ought to improve 
to a corresponding extent. And he states that this has been his 
experience, and that the introduction of strict aseptic precau-

1 MacCormac's Antiseptic Surgery. 

tions has reduced his mortality by half, and it would have been 
still less had not putrefaction been present in some of the 
cases before he operated, owing to previous tapping of cysts 
by other surgeons without aseptic precautions. 

Mr. Spencer Wells, at the same meeting, spoke very 
strongly in favour of aseptic treatment, and gave the result of 
the last 168 cases which he had treated in private practice. 
The first 84 had been treated by his former methods, but yet, 
he says, ' with all the care I could give to them there were 21 
deaths.' On the other hand, the last 84 were treated asep-
tically, and of these only 6 died, and these deaths occurred 
among the earlier cases while he was only as yet making 
acquaintance with the details of the method ; and so 'as I 
went on and became still more accustomed to the method and 
details of antiseptic treatment, and avoided mistakes, then I 
obtained the long run of 38 cases without a single death; and, 
adding to that the 5 more of other important abdominal opera-
tions, I can record the gratifying and almost incredible result 
of 43 cases of these great operations without a death.' In a 
foot-note he adds: 'The run of 38 cases of successful ovari-
otomy was afterwards increased to 41, and then a death 
occurred where septic symptoms had set in before operation.' 

Dr. Thomas Keith, who had adopted the aseptic method 
somewhat earlier, and who had previously been getting the 
best results of the day, states' that his last 76 cases were per-
formed aseptically with only 2 deaths, and these occurred at 
the commencement, so that the last 68 cases in succession 
a l recovered. Dr. Keith is equally positive in ascribing 
these good results to the additional precautions which he had 
taken.2 

1 See MacCormac's Antiseptic Surgery. 
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K S v T W h e r e t h e d e t a i , S 0 f t h e a s e P t i c m e t h o d - e r e not ' 
^roughly earned out, would be liable to undergo putrefaction. Thouah 

Practice o f T ™ "P ^ m 1 ^ n°b h e a r d t h a t h e has "P the 
0 f a s e P t l c surSer.v- (See Chapter XVIII . for remarks on ovariotomy.) 
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Salicylic acid, which was introduced by Professor Thiersch 1 

as a substitute for carbolic acid, has been employed in various 
hospitals, but the results do not seem to be so good as those 
with carbolic acid. The following is a specimen of Thiersch's 
earlier results:— 

From April 1st, 1874, to May 31st, 1875, 109 cases were treated 
with salicylic acid dressings, and 51 with carbolic acid. Of the former 
7 died, of the latter 2. Among the 109 salicylic acid cases were 
21 major amputations, with 5 deaths; also a number of resections, 
compound fractures, abscesses, excisions of tumours, &c. The deaths 
among the cases treated with salicylic acid were due to the following 
causes : In one case from hasmorrhage from the intestine 100 days 
after primary amputation of one leg and secondary amputation 
through the other femur; in one case from hydrothorax 123 days 
after primary amputation of the leg ; one patient died on the twenty-
third day after amputation of the thigh, pus being found in the 
shoulder-joint; a case of amputation of the thigh died from ex-
haustion twenty-eight days later; one case of excision of the head of 
the femur died from uriemia twenty-five days after the operation; one 
resection of the wrist-joint, followed by amputation of the fore-arm, 
died 201 days after the first operation from exhaustion. One of the 
deaths in the cases treated by carbolic acid was from pysemia. 

Erysipelas attacked the salicylic acid cases seven times, and 
in one instance proved fatal. 

The general description of the course of these cases is not 
so good as that of cases treated with carbolic acid, and Volk-
mann and others have tried salicylic acid, but have not found 
it so trustworthy as carbolic acid. 

Thymol, though at first much praised,2 also soon failed to 
give satisfaction. The explanation of this probably was that 
in the first instance the thymol was used in wards free from 
infective diseases, and therefore good results were at first ob-
tained. But these wards had a great tendency to become 
unhealthy on account of the bad hygienic conditions, and the 

1 ' Klinisc':e Ergebnisse der Lister'sclien Wundbehandlung und über den 
Ersatz der Carbolsäure durch Salicyl säure '— Volhnamis Sammlung, Nos. ^ 
and 85, 1875. 

2 lieber das Thymol und seine Benutzung bei der antiseptischen Behau • 
lang der Wunden, von Hans Bänke, Volhnamis Sammlung, No. 128. 

thymol was unable to prevent this in the same way as carbolic 
acid had done. Thus bad results were very soon obtained, and 
carboh 3 acid had to be reinstated. 

Here is another strong argument against the idea that 
cleanliness alone is a sufficient safeguard. In this instance 
there was of course the same amount of cleanliness when 
thymol was used as when carbolic acid was employed but a 
powerful antiseptic was required in addition to the cleanliness 
and, as the experience before the introduction of Listerism' 
into these wards had shown, it was necessary to use this anti-
septic on asept ic principles in order to attain the desired object. 

THE RELATION OF OTHER FORMS OF ANTISEPTIC SURGERY 
TO INFECTIVE DISEASES. 

J , » ? ™ f ° r ' ^ g T t e S t d i f f i G U l ty i n Seeing records of 
ny value as to the results of treatment with antiseptics not 

employed aseptica ly. I have described Bilguer's method and 
results (see p. 302), and these may be taken t s a very fan-spec" 

alnVth h T l t S ° b ! i a i n a b l e ^ t r e a t m e n t ^ h antiseptics alone, though it must be observed that in many instances his 

T 1 7 P " r U ^ a S e p t i C a 1 1 ^ 1 h a v e also, at p. 40 
toed b 7 7 S r e r ^ ^ d 6 t a i l S ° f t h e -suits' 
b a n d by aseptic treatment and treatment with antiseptics, 

a d this is perhaps one of the best contrasts which could be! 
given. Several of the results which have been published as 
I S o T r ^ ^ S t r i C t ^ treatment I in 
nothing of the kind, but are merely the results of treatment by 

T X l T'7 'I**' V e i T f a i d j b e U S 6 d aS SI l ch- And 

r freqUenCy' y 6 t a r e - means 
«d w l n n f - f T n d e e d ' t h e r a P i d m a n n e r in which carbolic 

that it wTs f a l ° ; i V ) f U S e b 6 f 0 r e M r - L i s t e r published, shows 
" f T n t W h e n U S e d aS - antiseptic 

X r l r t : P , t l C a l l i . 1 b 6 l i e v e that> as an anti-
eP c only carbolic acid is inferior to various other substances 

p a r u i r r 1 t h a l b U m e " ' ^ * * * - a p p a r e n t l y ^ 
t n r t u e s ^ s e e p - 2 6 0 ) ; a n d t h e r e f b r e ' 
the l l n n d t t t 0 * ^ to t h e d i s c h a ^ e s o f 

wound in large quantities. At the same time its in-



efficiency is increased, because carbolic acid is very irritating, 
and causes an increased amount of discbarge liable to undergo 
fermentation. And also, as Hack 1 bas shown, wounds treated 
with carbolic acid have greater absorbing power than those 
treated with other substances. 

The best comparison between aseptic treatment and treat-
ment with antiseptics is that furnished by Mr. Lister's own 
results (see p. 376). The cases which were not treated asepti-
cally were, as far as possible, treated with antiseptics. They 
were frequently syringed with antiseptic lotions and dressed 
with antiseptic ointments and dressings, and yet it will be seen, 
that the proportion of deaths avoidable by methods of wound 
treatment, and especially of deaths from blood-poisoning, was 
much greater than in the aseptic cases, although the nature 
of the injuries was much less severe. 

At p. 348 I have referred to the results obtained by the use 
of alcohol in Nélaton's practice, and I stated that in Chede-
vergne's paper 2 mention is made of 48 cases treated in this 
way, of which only 1 died of pyaemia. 

The cases were, however, not very severe. Thus, there was 1 
case of tumour of the lower jaw ; 3 cases of epithelioma of the lip ; 
10 partial excisions of the mamma; 2 amputations of the leg; 5 
cases of removal of fatty tumours, and a number of isolated minor 
operations. There were also 2 cases of wound of the knee-joint and 
1 of the elbow-joint, all of which recovered. No details of these cases 
are given. 

Rochard 3 extends these statistics, and states that 97 patients had 
been treated in this way, and that among these there had only been 
2 cases of pyœmia. and 5 of erysipelas. 

Chedevergne states with reference to the first part of these 
statistics that the results obtained were not merely accidental, 
for two cases which had not been treated with alcohol died of 
pyemia. He attributes the fatal case from pyœmia, mentioned 
in his paper, to imperfect application of the dressing, pus 
having been allowed to accumulate in the wound. 

1 Ueler das Resmpti&nsvermdgen granulirender Flàchen, Leipzig, 1879. 
2 ' Du traitement des plaies chirurgicales et traumatiques par les pansements 

à l'alcohol,' Bulletin général de thérapeutique, vol. 67, 1864. 
3 Histoire de la Chirurgie Française au XIXe Siècle, Paris, 1875. 

In London most excellent results have been obtained by Mr. 
Hutchinson by the use of a spirit and lead lotion (see p. 269) ; 
and in his speech at St. Thomas's Hospital, at the debate on 
antiseptic surgery,1 he referred to his results, and stated that 
they were as good as those obtained by a colleague who 
practised aseptic surgery, but he added that he himself had 
abstained from operations which involved peculiar risk. 

There can be no doubt of the excellence of alcohol as a 
dressing, and the good results are to some extent explained by 
Hack's2 experiments, which show that absorption takes place 
with the greatest difficulty from wounds treated with alcohol. 
No doubt, also, as Mr. Hutchinson uses it, many of the cases 
are treated aseptically. 

With regard to these and other results from the use of 
antiseptics, I cannot give any tables ; for few surgeons have 
employed one antiseptic or one particular method of applying 
them, and in London more especially, where almost every sur-
geon uses one or other form of antiseptic treatment, the 
results from the various methods of treatment are grouped 
together, and are thus almost absolutely useless for the point at 
issue. 

Among the best of these mixed results—results obtained no 
doubt in the main by the use of antiseptics—are the eases of 
major amputations performed at St. Bartholomew's Hospital 
for the last ten years (1870-79). ' There were 467 major 
amputations, of which 71, or 15-2 per cent., died. These results 
include, however, the practice of two surgeons who treated their 
cases m the main aseptically. 

We have already seen in the historical part that the various 
methods of occlusion, acting on the principle of excluding the 
gases of the air, have failed to exclude infective diseases. I 
need only refer to Jules Guérin's experience during the siege 
o- Paris, p. 325, and to his refusal to apply his method in a 
particular hospital because the atmosphere was ' aussi profondé-
ment infecté: 

The only method of occlusion which has been of permanent 
1 See MacCormac's Antiseptic Surgery. * Loc. cit. 

3 St. Bartholomew's Hospital Reports, 1880. 



service is Alphonse Guerin's ' Pansement ouate ' (see pp. 280 
and 325). As we have seen, marked improvement followed its 
introduction during the siege of Paris, and good results are 
still obtained in some of the less healthy Paris hospitals. 
This method no doubt acts mainly by keeping the layer of 
granulations at perfect rest, and thus avoiding its laceration 
and the consequent passage of the putrid material—that' ter-
rible poison,' as Mr. Savory has called it—into the blood. 
However good its results may have been in some cases, I can-
not think that a method* of treatment in which fluids, under-
going decomposition to a greater or less extent, are retained 
in contact with the surface of the wound, and in which the 
patient is only protected from the effects of the absorption of 
these fluids by maintaining the parts at perfect rest, is one 
which can be recommended when better means are obtainable. 

The method which perhaps stands next to the aseptic 
method in its power of preventing infective disease is treat-
ment by irrigation or the water-bath. Here also definite 
statistics fail, but I may refer to Langenbeck's statement (see 
p. 344), made in 1855, to the effect that during the preceding 
five or six years no case of pyasmia had occurred among the 
cases treated by the continuous water-bath. No results are 
given as to the other infective diseases, but from what I know 
and have seen of this method, I should think that where the 
water-is frequently changed, especially if an antiseptic is added 
to it, and where the wound is not complicated, and there is no 
retention of discharges, these diseases would be more or less 
completely absent. Langenbeck mentions that during the five 
years to which I have just referred, in which he had no case of 
pycemia among the cases treated by the water-bath, pyemia 
was, nevertheless, prevalent in other wards, and attacked cases 
treated in other ways in the same wards. 

I referred, also, on p. 345, to Valette's success. He employed 
antiseptics to a much greater extent than Langenbeck. 

I now come to the consideration of the results obtained by 
the use of the open method. 

I have already mentioned (p. 332) Bartscher and Vezin's 
results. They had 28 cases of amputation (26 of these being 

OPEN METHOD: BUROW'S RESULTS. 409 

major amputations), with 3 deaths. The causes of death are 
not given. 

[ have also mentioned (p. 333), Burow's results up till 1866. 
He had 94 amputations (87 of these being major operations), 
with o deaths The causes of death are not stated. In a 
later paper (18/ / ) , Burow (junior),' gives the results of all the 
amputations performed up to that time by his father and him-

w i L deT, n ' m a J ° r a m P u t a t i < ™ ^ d been performed 
with 4 deaths, thus giving a total of 123 amputations with 9 
deaths, or more properly 116 major amputations with 9 deaths, 
or a mortality of 7-7 percent. Of the 4 last deaths 2 were 

f ^ S t r T , 1 + f U m P a n d 2 t 0 H e r m a n * 
know W e i ' e d U e t 0 S e p t i C C a U 8 e s ™ not 

The following is the detailed list 
Amputations through thigh 

„ of foot 
Partial of hand 

humerus 
fore-arm 

Diaths 
6* 

3 
0 
0 
0 
0 

Total 

* 2 certainly from pyemia. 

These results are certainly remarkably good. The cases 

tity of air for . r ° ° m S W 6 r e s m a 1 1 a n d t h e quan-
Z l t i Z l e r U P ^ ^ A number of 
C l t t " a m p U t a t i ° n S W e r e also Performed. Thus, 
(1866-76^ W J e ? g l V G U i n t h e PaPer to which I refe 

e S i r e a t e d ' b e s i d e s t h e 2 6 amputations, 53 
«on of th e t r T ' C a S 6 ? f i n a n ° ' 4 a m P i t a " 
°f the upper jaw 8 ! eXC1S10n^ 0 large tumours, 5 excisions 
6 ! r Z r i h i ' 6 h r t o m i e s ' 
not so favourahlA o. i l i l u s t h e conditions were 
** told X a t r e Z § I * * ^ S U p p 0 S e d - W e are 
to the o J Z J T r T U1 t h C S e k t t e r ^ses, either as 

occurence of infective disease or otherwise. Burow 
1 Archivfur Mnisclic Chirurgie. 



took the most scrupulous precautions as to cleanliness, more 
especially of hands and instruments; for example, he never 
employed sponges which had been used before. Then in many 
of his cases, notably in the excisions of the mamma, he used 
acetate of alumina—a very powerful antiseptic—and he specially 
praises its property of keeping down smell. 

Much more important facts are published by Kronlein 1 in 
his report of the results of the open treatment at Zurich from 
1867-71. The method employed was chiefly that of Bartscher 
and Vezin, but it was combined with frequent irrigation of the 
wound with antiseptic solutions, so that we have here, not the 
open method pure and simple, but a combination of it with 
irrigation and treatment by antiseptics. 

Kronlein gives details of the cases of amputation, excision 
of the mamma and compound fracture conservatively treated, 
and contrasts the results obtained between 1867 and 1871 with 
those of the previous 7 years (1860-67). During these 7 years 
all sorts of methods of treatment were employed. In some 
cases the edges of the wound were brought together by strips 
of plaster or by stitches, and covered with compresses and 
bandages; in others the wound was left open for several 
horns, &e. 

Kronlein discusses from various points of view the causes 
of the difference in the results in the two periods, and at length 
comes to the conclusion that it is in the main owing to the 
different methods of treatment employed. I need not enter 
into all his arguments : I quite agree with his conclusion. 

During the first period (1860-67), 260 important cases 
were treated, and of these 105 died. These cases included 
140 amputations, 34 excisions of the mamma, and 86 compound 
fractures treated conservatively. Of the 105 deaths 59 oc-
curred from pyemia and septicemia alone. 

During the second period (1867-71), 172 similar cases were 
treated with 34 deaths. These consisted, of 85 amputations, 
22 excisions of the mamma, and 65 compound fractures. Of 
the 34 deaths 12 were from pyemia and septicaemia alone. I 
may just quote his tables : — 

1 I>ie offene Wun<lbeha,7idlung. Zurich, 1872. 

Amputations. 
1 S60-67. 

Thigh . 
Leg . 
Humerus 
Fore-arm 
Hand . 
Foot . 

Total 
* Or a mortality of 514 p.

 c
. 

Thigh . 
Leg . 
Humerus 
Fore-arm 
Hand . 
Foot . 

Cases Deaths 

. 36 31 
. 36 21 
. 18 10 
. 24 4 

Í) 
. 17 6 

. 140 72* 
p. c. f Or 30 ] 

r - 7 i . 

Cases Deaths 

. 28 10 

. 11 2 

. 14 2 

. 10 — 
• ( 

. 15 3 
— 

Prom pyœmia 
and septicemia 

16 
12 

8 
2 

4 

42f 

From pyœmia 
and septicemia 

2 
1 
2 

Total . 85 17* 
* Or a mortality of 20 p. c. f Or 7 p. c. 

Excisions of the Mamma. 
1860-67. 

Cases Dpithe -r. 
... T , Î From pyœmia and septicemia 

1 1 * 4 + 

* Or a mortality of 32-3 p. c. t 11-7 p . c . 

1867-71. eases T)PI fho — 
2 2 From pyœmia and septicemia 

* Or a mortality of 13-6 p. c. f 4-5 p . c . 

Compound Fractures treated conservatively to the end. 
1860-67. 

1 

6+ 

Thigh 
Leg . 
Humerus . 
Fore arm. 

Total 

7 
62 

7 
10 

86 

Deaths 

2 
13 

3 

22* 

From pyœmia 
and septicemia 

0 
7 
3 
3 

131 
* Or a mortality of 25'5 p. c. t 15-1 p . c . 



1867-71. 
Cases Deaths From pyemia 

and septicemia 
Thigh 11 2 0 
Leg 31 9 5 
Humerus 13 2 0 
Fore-arm 10 1 0 

Total . 6 5 14* 5+ 
* Or a mortality of 21-5 p. c. t 7'6 p. c. 

Kronlein does not give full details of the causes of death 
during either period, so that one cannot judge for one's self 
how far they were avoidable or not. He confines his attention 
•to infective diseases. 

If we analyse Kronlein's tables of amputations in the same 
way as was done on p. 387, for the septic and aseptic tables, 
i.e., if we only consider uncomplicated amputations, leaving out 
of consideration double amputations, amputations where other 
injuries were present, amputations in patients already suffering 
from septic poisoning, &c., we get the following results in cases 
treated by the somewhat modified open method described 
above :— 

Uncomplicated Amputations. 
(1867-71.) 

Cases Deaths 
, Humerus. 13 3 

0 
Hand 7 0 
Thigh . 22 5 
Leg 5 0 
Partial of foot 12 3 

Total . 67 11 

or a mortality of 16-4 p. c. as compared with Schede's result in aseptic cases 
of 4-4 p. c. Of these deaths one occurred from shock ; in five no cause of 
death is given ; four died from pya:mia ; and one from erysipelas. 

Between 1860 and 1867 about 4,000 patients, suffering 
from all sorts of affections, were treated in the surgical wards 
at Zürich, and of these 146 died of pyemia and septicemia. 

Between 1867 and 1871 about 2,300 similar cases were 
treated. Of these only 19 died of pyemia and septicemia. 

Among the 4,000 patients of the first period erysipelas oc-

curred 148 times. Among the 2,300 patients of the second 
period erysipelas occurred 127 times. 

We thus see that a treatment consisting of a combination' 
of the open method with intermittent irrigation and treatment 
with antiseptics reduced in a very marked degree the mortality 
from pyennaand septicemia, but did not affect erysipelas at 
all. What the open method alone would have d o n e w £ 
not know but these results are very good in a h o s p i t a l i c e 
infective diseases were prevalent. Kronlein himself savl 
that these cases 'sufficiently show that the open meriiod i 
no absolute g u a r d e against pyemia and septicemia.' H e 

also states that ' the open method does nothing against e v 
sipelas; indeed, during the time in which the open metliod 
- e m p l o y e d , erysipelas was more frequently o b L v e d t t n 

We have also already seen from the experiences of A W 
aum and Yolkmann, that the open method's ^ p ^ 

ful against septic diseases in infected hospitals 7 l l 
example, Yolkmann states that at first he w a s T a I Z 

M a l e ' s statistics' are well known The W W 

S Ä T - t h e — - Ä S S 2 

„ 23-6 „ 
Partial of foot . 3 8 

Shoulder-joint. . 1 3 ~ 
Humerus . 0 . 
Fore-arm , " g 

T o t a l . 563 300 = 

' Archiv^ genérales de Médecine, 1842. 

„ 76-9 „ 
» „ 

„ 28-5 „ 

„ 53-2 „ 



Paul1 has collected a very extensive series of statistics, of 
which the following is a sample. 

Cases Deaths 
Amputation at hip-joint . 222 159 = mortality of 71-6 p. c. 

» through femur . 1721 863 = » „ 60-1 „ „ at shoulder-joint 192 84 = » .. 43-7 „ 

" ! 
„ knee-joint 49 24 = >9 „ 40-9 „ 

» through leg . 1242 480™ » » 38-7 „ 
>> „ humerus 943 314 = » „ 33-3 „ 
>9 „ fore-arm 391 73 = „ 18-7 

Total . 5,060 1,997 = 39-4 

Mr. Holmes in 1866 2 gave statistics of the last 300 ampu-
tations performed at St. George's Hospital. Of these, eighty-
three or 27-6 p. c. died. In 18743 he published statistics of 
the last 500 cases of amputation, and, of these, 158 or 31-6 p. c. 
died. It thus appears that of the last 200 amputations per-
formed at St. George's Hospital between 1866 and 1874, 75 or 
37-6 p. c., died. This result shows that but little benefit had 
been derived from the recent improvements in surgery as 
regards cleanliness, &c., apart from the use of strict aseptic 
treatment, because the majority of these cases were treated 
after attention had been called to the subject by Mr. Lister's 
writings. 

Mr. Erichsen4 says that the mortality after great amputa-
tions varies from 35 to 50 p. c. 

The results obtained at St. Bartholomew's Hospital were 
brought forward by Mr. Savory at the meeting of the British 
Medical Association at Cork5 in 1879 to show what could be 
done simply by cleanliness and good air independently of 
aseptic treatment. The report published in 1880 6 shows that 
of 619 operation cases of all kinds (excluding eye operations) 
45 or 7-2 p.c. died. Many of these operations were of very 
minor importance indeed. They included, however, 73 major 
amputations with 11 deaths; 13 excisions of joints with 4 

' Die conservative Chirurgie der Glieder, Breslau, 1854. 
'' St. George's Hospital Reports, vol. i. 3 Ibid. \ol. viii. 
* ' On Hospitalism and the Causes of Death after Operations,' 1874. 
5 British Medical Journal, August, 1870. 

St. Bartholomew's Hospital Reports. 

deaths; 29 cases of removal of tumours of the mamma, no 
death; 13 cases of removal of tumours of the tongue, 1 death • 
4lithotomies, no death; 32 herniotomies, 6 deaths; 25 teno-
tomies, 1 death; 74 operations for phimosis; 36 cases of 
fistula m ano, &c. 

Among the 45 deaths were 9 from pyemia and four from 
erysipelas. The causes of death in the other cases are not 
given. Erysipelas attacked I7cases operated on, and 11 others 
One very stnkmg case is mentioned. The femoral artery was' 
ligatured with various aseptic precautions for popliteal aneurism. 
The wound did well till the twelfth day, when hemorrhage 

— , r t f ? r e - ° P e » e d Without aseptic precautions, 
and the patient died of pyemia. ' 

Thus, by the use of cleanliness alone, infective diseases are 
by no means banished from St. Bartholomew's Hospital. In-
deed, m considering these results, it must be remembered that 
a considerable number of the cases were operated on aseptically 
How many cases were treated by good surgery and cleanlinis 

noTknow P r 6 C a U t i 0 n S ' a n d W i t h ^ r e s u l t s ^ 

Very good results obtained by methods which are not verv 
M y antiseptic were published in the spring of 1880 by B . 

! n n f T ? 16 f e C e d i n g t h r e e ^ 1 0 7 operations had 
A ^ ^ m a j ° r ° P e r a t W 0 f 5 0 

n , , m 0 n g t h e m w e r e 3 1 m a J o r amputations, and 
he three deaths occurred in these cases ; in one it was due to 

internal injuries ; in one it followed gangrene of the b l c k d u e 
contusion; and in one pyemia was the cause. The onse ^ 

o f a T Y n t h e ^ ? S e " ^ t 0 W Allowed the p e l 
X S t l T 0 V G r SaC1 'Um ' a n d d 6 a t h foll-edwihin torty-eight hours -a very rapid course for pyemia ' W-is if 
~ ° r ^ ^ a b s L P a r t ^ th -
o ^ vi, e r e T ! 3 C a s e s i n W h i c h joints were 
S btt t h e T P 1 t 1 0 ^ 0 1 1 ° f t h e 6 l b 0 W ' W h i c h -
cision of the head of t T " ^ 5 ° » e — <* ex-
ca<e of l l T < r a d l U S ' r 6 S U l t n 0 t mentioned ; and one 
opened ° f & W ^ i c h some joint was 

' British Medical, Journal. 



Of course these are a very small number of operations in 
three years, and they were treated in a country hospital, so -
that the result is not at all surprising ; but when Dr. McVail 
attempts to draw extensive conclusions from them, and to 
show that the method of treatment adopted in these cases is 
better than the aseptic method, he is using a fallacious argu-
ment. All that can be said is that under the conditions in 
which these operations were performed, aseptic treatment was 
but little necessary, though even here we find that one out of 
31 major amputations died of pyemia. As we have seen, the 
best surgeons, Mr. Spence or Mr. Savory for instance, even 
with the use of the most scrupulous cleanliness, cannot reckon 
on anything like absence of infective diseases. 

After all, these statistics are not nearly so good as the 
results obtained by Bardenheuer with aseptic treatment in the 
Cologne Infirmary in one year.1 He had no death among 
133 aseptic operations involving bones. These included, ac-
cording to MacCormac— 

41 amputations (17 of thigh) through bones. 
10 ,, at joints (1 at hip). 
53 resections (15 of hip and 12 of knee). 
23 cases of removal of wedge-shaped pieces of bone. 

5 operations for badly united fracture. 
1 case of trephining. 

1 MacCormac's Antiseptic Surgery, p. 29. 

V 

CHAPTER XVIII. 

RESULTS OF ANTISEPTIC SURGERY ( continued). 

General considerations. Wounds of, and operations on, healthy joints. Method 
of treatment adopted in these cases. Definition of the term ' Aseptic 
course : ' Example. Wounds of healthy joints. Operations on healthy 
joints. Objections to the value of these cases : reply. Incisions into joints 
affected with synovitis. Incisions into joints affected with pulpy degenera-
tion of the synovial membrane—a, without suppuration, b with suppuration. 
Volkmann's results : Max Schede : Paul Earth : Saxtorph : Piéchaud : 
Nussbaum : Albert : Hueter : Lôtiévant : Kraske : Eeyher : Bergmann. 
Comparison of Reyher's results with those obtained during the Crimean 
war, and with Heintzel's. Treatment by irrigation. Necessity for observing 
the minutest precautions as shown by Mr. Lister's case. Results of removing 
foreign bodies from joints without aseptic precautions : Larrey : Spence : 
Paget. 

So far I have been dealing with general statements ; and though 
these are often not of much use, yet I cannot think that there 
can be any doubt as to the great value of the facts which I 
have narrated. Thus, for example, we have had an opportunity 
of comparing Mr. Lister's results in Glasgow before and after 
the introduction of aseptic treatment. After he went to 
Edinburgh, we were able to trace a very marked improvement 
following the introduction of the aseptic method ; and we 
also had the opportunity of contrasting the results of aseptic 
treatment with those of treatment by antiseptics in Mr. Lister's 
own hands. We were further able to point out that there was 
a great difference between these results and those obtained 
during the greater part of the same period, in the same 
hospital, and under more favourable hygienic conditions, by a 
surgeon who did not practise aseptic treatment. 

We have further had most striking evidence from abroad 
showing that in infected hospitals the aseptic method has done 
what other methods, such as the open method, treatment by 
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Of course these are a very small number of operations in 
three years, and they were treated in a country hospital, so -
that the result is not at all surprising ; but when Dr. McVail 
attempts to draw extensive conclusions from them, and to 
show that the method of treatment adopted in these cases is 
better than the aseptic method, he is using a fallacious argu-
ment. All that can be said is that under the conditions in 
which these operations were performed, aseptic treatment was 
but little necessary, though even here we find that one out of 
31 major amputations died of pyemia. As we have seen, the 
best surgeons, Mr. Spence or Mr. Savory for instance, even 
with the use of the most scrupulous cleanliness, cannot reckon 
on anything like absence of infective diseases. 

After all, these statistics are not nearly so good as the 
results obtained by Bardenheuer with aseptic treatment in the 
Cologne Infirmary in one year.1 He had no death among 
133 aseptic operations involving bones. These included, ac-
cording to MacCormac— 

41 amputations (17 of thigh) through bones. 
10 ,, at joints (1 at hip). 
53 resections (15 of hip and 12 of knee). 
23 cases of removal of wedge-shaped pieces of bone. 

5 operations for badly united fracture. 
1 case of trephining. 

1 MacCormac's Antiseptic Surgery, p. 29. 
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RESULTS OF ANTISEPTIC SURGERY ( continued). 

General considerations. Wounds of, and operations on, healthy joints. Method 
of treatment adopted in these cases. Definition of the term ' Aseptic 
course : ' Example. Wounds of healthy joints. Operations on healthy 
joints. Objections to the value of these cases : reply. Incisions into joints 
affected with synovitis. Incisions into joints affected with pulpy degenera-
tion of the synovial membrane—a, without suppuration, b with suppuration. 
Volkmann's results : Max Schede : Paul Earth : Saxtorph : Piéchaud : 
Nussbaum : Albert : Hueter : Lôtiévant : Kraske : Reyher : Bergmann. 
Comparison of Reyher's results with those obtained during the Crimean 
war, and with Heintzel's. Treatment by irrigation. Necessity for observing 
the minutest precautions as shown by Mr. Lister's case. Results of removing 
foreign bodies from joints without aseptic precautions : Larrey : Spence : 
Paget. 

So far I have been dealing with general statements ; and though 
these are often not of much use, yet I cannot think that there 
can be any doubt as to the great value of the facts which I 
have narrated. Thus, for example, we have had an opportunity 
of comparing Mr. Lister's results in Glasgow before and after 
the introduction of aseptic treatment. After he went to 
Edinburgh, we were able to trace a very marked improvement 
following the introduction of the aseptic method ; and we 
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what other methods, such as the open method, treatment by 
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irrigation or by antiseptics, could not do. It has not only 
diminished, but when properly employed, it has abolished in-
fective disease. That this result has not been simply due 
to cleanliness, as has been suggested by some, is shown by 
numerous facts, such as those mentioned by Nussbaum (p. 394) 
and Volkmann, and also by the results of the use of thymol 
(p. 404). 

Nor must I forget to mention the results obtained in 
ovariotomy, although these are not test cases. For the peri-
toneum has a wonderful power of destroying causes of putre-
faction, or of rendering them inert by rapidly removing the 
fluid in which they might grow. Thus, dust-laden air has 
been injected into the healthy peritoneal cavity without bad 
results, though, if ascitic fluid were present, or if the peritoneum 
were unhealthy, there would almost certainly be fermentation, 
and probably, as a result of this, depending on the amount and 
nature of the irritating products formed, peritonitis. In the 
healthy peritoneum, which absorbs fluids with immense rapidity, 
there is no fluid for the organisms to develop in, and thus 
they are left in contact with active healthy living tissue, which, 
as we have seen from experiment, rapidly destroys them. 
Hence the case of ovariotomy is by no means a test. 

There are certain cases, however, to which I must now 
allude, in which there is not the same tendency to destruction 
of organisms, but where there is opportunity for them to 
develop, and where the admission of septic dust is liable, as 
experience has shown, to be followed by very serious conse-
q uences. An example of such a case is where organisms are 
admitted into a healthy joint. Here fluid is present, in which 
they can develop, and here also all parts of the living surfaces 
are not in contact, and, therefore, organisms may be present in 
the fluid of the joint and yet not in contact with healthy living 
tissues. This is, then, a test case, for here organisms, if ad-
mitted, will as a rule grow. We must therefore inquire, how 
injuries which might involve the entrance of organisms into 
healthy joints behave under the various methods of treatment, 

Then, again, in chronic abscesses we have similar conditions. 
Here the fluid is practically under the same conditions as if 
it were in a flask; the walls of the cavity are probably not even 

healthy. How do such abscesses behave under various circum-
stances ? 

And lastly, although this is not such a test case, we know 
that compound fractures, whether made by the surgeon or by 
accident, are very dangerous, chiefly on account of their great 
liability to be followed by infective disease. In this instance 
the destroying action of the blood clot and of the living tissues 
can come into play, but nevertheless the movements to which 
the part is liable are apt to interfere with their action. Blood 
clot is only of use as a destroyer of bacteria if it be kept at 
rest. 

Wounds of, and Incisions into, Healthy Joints. 
I have already published the cases which have occurred in 

Mr. Lister's practice from the end of 1871 up to November 1879,' 
but I shall introduce these tables here in order to complete 
the subject. Before, however, discussing the results as a whole, 
I must mention how the cases have been treated, and what is 
the usual aseptic course. 

Wounds of joints are treated on the principles described at 
page 113. If the case is seen very shortly after the accident 
(within a few hours) the joint is thoroughly washed out with 
1-20 carbolic lotion by means of a syringe and catheter, the 
wound being enlarged if necessary; the surrounding skin is 
well washed with the same lotion, a drainage tube is introduced 
mto the joint, a large gauze dressing is applied, and a splint is 
arranged so as to prevent movement. This treatment is carried 
out under a spray of carbolic acid. If the wound does not 
come under observation till after the lapse of twenty-four or 
thirty-six hours, a solution of carbolic acid in methylated spirit 
1 part of carbolic acid to 5 of spirit) is used. If a still longer 

tune has passed since the receipt of the injury, fermentation of 
the fluids m the joint has generally taken place, and there is 
M little hope of eradicating it. An attempt may, however, be 
made by the use of either of the lotions just mentioned, or of a 
solution of chloride of zinc (40 grs. to the ounce) or of iodoform 
suspended m alcohol and water. 

In operating on healthy joints, the various precautions 
1 British Medical Journal, November, 1879 
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described in the chapters on aseptic surgery must be carefully 
carried out. As a rule the 1-20 carbolic lotion is used for 
all purposes. When the operation is concluded, a drainage 
tube or a horse-hair drain is introduced into the joint so as 
to provide free escape for the serum, which will probably, for 
a few hours, be of considerable amount, owing to the irritation 
of the synovial membrane by the manipulations and by the 
carbolic acid. The drain can generally be dispensed with in 
simple cases, such as after the removal of a loose cartilage, in 
from one to three days. As the result of these operations, the 
discharge becomes very slight after the first twenty-four hours. 
There is no pain nor swelling, in fact no local inflammatory dis-
turbance whatever, and therefore, of course, no suppuration. 
Constitutionally the patient remains quite unaffected: hi feels 
well, eats well, sleeps well, and in fact, thinks it. a great hard-
ship to be kept in bed for a few days. In the following cases, 
when I use the term ' aseptic course,' I mean this condition 
of absence of local or constitutional disturbance. 

Let me take as an example a case of recent fracture of the 
patella, which was operated on with the view of obtaining bony 
union. 

W. T. ?et. 37 was admitted to King's College Hospital on 
Dec. 13, 1879, suffering from a recent simple transverse frac-
ture of the patella. The accident had occurred on December 9. 

Condition on admission.—The knee-joint was much 
swollen and contained a considerable quantity of fluid. The 
patella was fractured transversely and the fragments were about 
two inches apart. There was a good deal of pain in the joint. 

Operation.—On December 13, chloroform having been ad-
ministered, Mr. Lister made a longitudinal incision about 4 
inches in length over the patella, the various aseptic precau-
tions before described being employed. The knee-joint was of 
course at once opened. A quantity of coagulated blood and 
fibrous tissue filled up the space between the fragments, and 
this was removed. A pair of dressing forceps was then passed 
into the joint and projected against the skin at the most de-
pendent part of the outer side of the joint. An incision was 
made on the projecting point, and by means of the forceps a 
horse-hair drain was drawn into the joint. The fragments were 

then drilled obliquely, avoiding the cartilage, and, a piece of 
strong silver wire being passed along the drill-tracks, the frag-
ments were firmly tied together. The two ends of the wire 
were then twisted together and left of sufficient length to pro-
ject from the wound. A drainage tube was introduced into 
the incision superficial to the patella and brought out of the 
upper angle of the wound. The remainder of the line of in-
cision was stitched. A large antiseptic dressing was applied 
enveloping the whole of the thigh, and the limb was placed 
on a posterior splint. The foot of the bed was raised on 
blocks so as to make the discharge flow upwards. 

After-progress. —The after-progress of this case was typical. 
There was never the slightest pain or constitutional disturbance 
(see Fig. 77). On the following day (December ] 5) the dress-
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FIG. 77 .—TEMPERATURE CHART FROM A CASE OF OPERATION FOR 
FRACTURE OF THE PATELLA. ( N o . 2 1 , p . 4 3 4 . ) 

ing was changed and a fresh dressing re-applied ; there was no 
pain or swelling of the joi'nt. On December 17, the dressing 
was again changed, and a portion of the drain was removed 
Mom the joint. On December 19, the superficial drain and 
part of the remaining drain for the joint were dispensed with ; 
most of the stitches were taken out. At the next dressing, on 
December 24, the remainder of the drain and the rest of the 
stitches were removed. On December 31, the wound was 
again dressed, and was found to be quite healed, except a minute 
speck, where the drain for the joint had been. This was found 
0 be quite healed on January 5, when passive motion was begun. 
1 w i r e w a s removed on February 9, and bony union was 
tound to have taken place. When the patient was discharged 
on February 15, the movements of the joint were perfect 
through an angle of 45°; patient could kick vigorously. 
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I - WOUNDS 

No Name and Age Date of Admission, 
Operation, and Dis-

charge ; with Result Injury 

1 Frank K., 20 . Ad., Nov. 20, 1871. 
Op., Nov. 20, „ 
Dis., Dec. 23, „ 
Result, cured. 

Little finger-joint fractured in v a ^ T i ^ 
Skin over hand contused. Fourth meta 
carpal bone laid bare in the greater part of 
its extent. Fourth metacaipo-plialaneeal 
joint opened. 

2 George G., GO . Ad., June 28, 1872. 
Op.. June 28, „ 
Dis., Oct. 1, ,, 
Rt•suit, cured. 

Compound comminuted fracture of the 
humerus, caused by the wheel of a waeon 
passing over his arm. Humerus fractured 
in two places ; the lower fracture commu-
meating with the elbow-joint Patient 
admitted about two hours and a half after 
the accident. 

3 Robert II., 30 . Ad., May 12, 1873. 
Op., Mav 12, „ 
Ms., July 17, „ 
Result, failed ; ampu-

tation. 

Compound fracture of the carpal bones of the 
left hand. Extensive laceration of the soft 
parts. Machinery accident. Patient ad-
mitted immediately after the accident. 

4 WalterS., 42 . Ad., Mav 17, 1875. 
Op., May 17. „ 
Dis., May 21, „ 
Result, in process of 

cure. 

Wound of metacarpophalangeal joint. 

if 
5 Francis J.,.48 . Ad., Oct. 4, 1875. 

Op., Oct. 4, „ 
Dis., Dec. 4, „ 
Result, cured. 

Compound dislocation of the ankle; the 
articular surface of the tibia protruding 
through a large wound anteriorly. Both 
malleoli torn off. 

6 Henry W. . . Ad., June 8, 1870. 
Op., June 8, „ 
Dis., June 13, „ 
Result, cured. 

Thumb and trapezium nearly torn off, and 
the carpal joints opened. Uunshot-wmmd. 

7 David S., 13 . Ad., May 2, 1877. 
Op., May 2, „ 
Dis., after Mr. Lister 

left Edinburgh. 
Result, cured. 

Large lacerated wound of right knee. Luge 
flap of skin thrown to one side. Mud was 
ground into the cartilaginous surface oi the 
internal condyle of the femur. The acci-
dent resulted from a wheel of a heavy can 
passing over patient's leg. 

OF JOINTS. 

Little finger amputated ; other parts 
well syringed with 1-20 carbolic lotion. 

Wound injected with 1-20 carbolic lotion. 
Some loose pieces of bone were removed 
from the lower wound. (No portion 
of the articular end of the humerus 
was, however, removed.) 

Wound injected with a solution of car-
bolic acid in rectified spirit (1 in 5). 

Washed out with 1-20 carbolic lotion. 

The wound was injected with 1-20 car-
bolic lotion, and an attempt was then 
made to reduce the dislocation. This 
failing, the articular surface of the 
tibia, was sawn off, the astragalus 
being left untouched. Foot fixed at 
right angles to leg. 

Ike thumb, with its metacarpal bone, 
was removed ; the trapezium was also 
dissected out. The wound and the 
carpal joints, as far as possible, were 
injected with 1-5 solution of carbolic 
acid in rectified spirit. 

Shreds of tissue were clipped away, and 
tie cartilage of the condvle was pared 
» 'Hi a knife wherr. the dirt was most 
ground m. The whole of the dirty 
ound was scrubbed with a nail-brush, 

ana wo carbolic lotion, and, in addi-
l-o spirituous solution of carbolic 

inlrr Splied- Ko stitclles were 
"be ted. The limb was placed on a 
posterior splint. 

Some sloughing and suppuration occurred among 
the contused parts in the hand, and an abscess 
formed in the forearm. Entirely healed De-
cember 23. Passive movements were begun in 
December, and could he easily performed. 

Putrefaction was avoided; typical aseptic course. 
The fracture had quite united on August 10. 
The wound was quite superficial on August 3. 
and boracic dressing was applied. On August 
15, erysipelas attacked the wound. This passed 
off, and the wounds were quite healed on Sep-
tember 20. When dismissed, patient was able 
to flex his arm sufficiently to enable him to 
touch the shoulder of the other side. 

Putrefaction occurred in spite of the injection ; 
and, as fever set in, Mr. Lister operated on May 
10, removing the carpus and fingers, but leaving 
the trapezium and the thumb. The flaps were 
left gaping,and carbolic oiled lint (1-10) was 
introduced between them. Flaps brought 
together on May 24. Stump was quite healed 
on June 25. 

Putrefaction was avoided. Treated as an out-
patient. Wound followed an aseptic course. 

Aseptic course. The wound was almost abso-
lutely healed when the patient was discharged. 
Joint strong and slightly movable. The tem-
perature was on one occasion as high as 100 deg. 

Aseptic course. Treated as an out-patient after 
June 13. On June 31, the wound had almost 
entirely healed. 

The wound became filled with blood-clot, the 
deeper part of which became organised. On 
May 27, there was a large granulating surface. 
The wound was quite superficial on" June 26, 
when boracic dressing was substituted for the 
carbolic acid. There was at that time very 
considerable movement of the knee-joint, with-
out pain. In August 1878, ' patient visited the 
hospital, walking without any assistance, the 
two knees being equally useful, except that the 
injured one was still somewhat stiff.' 



No. Name and Age 
Date of Admission, 
Opei-ation, and Dis-

charge ; with Result 
Injury 

8 Ellen M., 12 . Ad., Nov. 6, 1877. 
Op., Nov. 6, „ 
Vis., Nov. 17, „ 
Result, cured. 

Punctured wound of ankle-joint, caused bv 
scissors. The accident happened twentv-
one hours before admission. Glairv fluid 
escaped, and a probe passed into the" joint 
Foot, red and swollen. 

9 Jane D., 50 . . Ad., Oct. 15, 1878. 
Op., Oct 15. „ 
Ms.. June 20,1879. 
R'sidt, wound of 

joint cured. 

Compound fracture of the lower end of the 
femur, with splintering of the condyles into 
the joint. Patient was seen one hour and 
a half after the accident. (See compound 
fracture, No. 70.) 

10 Maria L., GO . Ad., Nov. 12, 1878. 
O/i.. Nov. 12, „ 
Ms., April 19, 1879. 
Result, in process of 

cure. 

Compound dislocation of the left ankle-joint, 
with comminuted fracture of the fibula and 
fracture of the internal malleolus. Skinin 
the neighbourhood of the wound much 
contused. 

11 Henry B., 22 . Ad., April 20, 1879. 
Op., April 21, „ 
Ms., M ay 30, to come 

as out-patient. 
Result, cured. 

Patient jumped over Waterloo Bridge; in 
his descent, he struck his left elbow against 
the side of the parapet. The resultwas.au 
oblique fracture into the elbow-joint, de-
taching the internal condvlc. There was a 
small opening in the skin communicating 
with the fracture. 

12 Samuel M., 54 . Ad., Julv 8, 1879. 
Op., July 8, „ 
Ms., July 24, „ 
Result, cured. 

Punctured wound of the left knee-joint, just 
above the patella. The finger, when intro-
duced into the wound, passed into the joint, 
and felt the under surface of the patella. 
Synovial fluid escaped. Great pain on 
movement of the joint. The wound was 
inflicted about fourteen hours before the 
patient came to the hospital. 

13 Archibald R., 10 Ad., Dec. 10, 1880. 
Ms., Dec. 24, „ 
Result, cured. 

Incised wound of knee-joint. Incision one 
and a half inch long. 

14 Ann P., 68 . . Ad., Aug. 11, 1881. 
Op., Aug. 12, „ 
Ms., Aug. 30, „ 
Result, cured. 

Compound fracture of the olecranon. The 
accident happened on August 10. and 
immediately seen bv the house surgeon. 

Treatment 

Wound enlarged, and joint injected with 
a solution of carbolic acid in spirit 
(1-5). 

The opening in the skin was enlarged. 
The projecting end of the femur was 
sawn ott; and reduction was effected. 
The wound was washed out with 1 to 
20 carbolic lotion. An incision was 
made into the knee-joint on the outer 
side, and a drainage-tube was inserted 
into it, to prevent accumulation of 
fluid. 

The detached portions of bone were re-
moved; wound syringed out with 1 -
20 carbolic lotion. Dislocation re-
duced. Drainage-tubes inserted. Du-
puvtren's splint. 

Wound enlarged; some small fragments 
ol bone removed, and the wound and 
joint syringed out with 1-20 carbolic 
lotion. Drainage-tubes inserted. 

Joint washed out with 1-20 carbolic 
lotion, and with a solution of carbolic 
acid m rectified spirit (1-5). Drainage-
tube inserted ; posterior splint appl ik 

f i l l T d -I"' W i t h a n <™ulSion 
Snrrn r̂ 0,1 c o n t a i n i » g iodoform. S .omdmg parts washed with 1-20 

the joint ' T u b e introduced into 

thoroughly 

^ d was again washed out, and, the 
Sfrothf ?laTd' t,he fraS",e"ts 
inserted ' Dral"age-tube 

Remarks 

The wound had quite healed on November 17 
Aseptic course ; dressed four fines. When pa-
faent wasd.scharged, the ankle was quite nor-
mal, with perfect movement. (See Chart I.) 

T 1 'e drainage-tube was removed 
" , o n 0 c t o b e r 28> the wound of 

the joint had completely healed on November 
13 ' A T T " ? m . !C t h i g h h e a l e d o n -December 
T icf-eri • ? fracture remained ununited, Mr. 
J.ister injected iodine between the ends of the 
c r » ? Z i r I F e b r«a r>' Union not vet oc-
c rung, Mr. Lister cut off the ends of thè bones 
The fern Ì̂ ern together with thick silver wire! 
«¿niTi^£tTi u ; u e d ' b u t i s , , , , d e r t r e a t -

^ h ^ T v , portions of the skin 
/ I 1 ! 6 " discharged, the wound was 

almost healed, but the ankle-joint was stiff. 

A June 4 0 1 " ' r , W o U n d completely healed on 
June du. I he movements of the joint were 
then very good, and have since that tin e 
steadily improved. (See Chart III.) 

, T h e p a i n 011 m o v i " g the knee 
T h f i a h ° " r S ^ t t e r i t h a d been washed out. 
the wound was quite superficial when the pa-
m o v . h i r ( t c l l a r s e d ' a n i t h e k n e e was quite movable. Healing was complete on July 31 the patient was again seen in October, the 
movements of the knee being then perfect. 

rvp.cal ascptic course. Tube removed on Decem-
, ' V ' . l e ! ! discharged the wound had 
a most entirely healed, and healing was com-

, a , { e w days. Knee-joint perfectly 
movable and leg quite strong. 

Aseptic course. Some of the stitches were too 
tight and caused a little irritation, but this 

'"!! S 0 0 , V a s the-v w c r e c u t - Incision 
healed and sutches removed on August 16 
urams entirely removed on August 19. The 
wound had quite healed when the patient was 
discharged. (The ends of the wire which 
brought the fragments together were cut short 
and the cutaneous margins were brought to-
gether over them, so that the wire remains ) 
Seen in middle of September—extension per-
fect. r I ex i on beyond a right angle, and can be 
done perfectly by passive motion. Arm gain-
ing strength. 6 



II.—OPÉRATIONS OX 

No. Name and Age 
Date of Admission, 
Operation, and Dis-
charge ; with Result 

Disease 

1 John C., 46 . . Ad., April 5, 1872. 
Op., Auril 6, „ 
Dis., May 9, „ 
Result, cured. 

Caries of metacarpal bone and first phalanx 
of ring-finger. 

2 David 13., 39 . Ad., Julv 22,1872. 
Op., July 22, „ 
Bis., Aug. 5, „ 
Residt, cured. 

Loose cartilage in knee-joint. 

3 John Mel., 34 . Ad., March 13, 1873. 
Op., March 28, „ 
Dis., J uue 6, „ 
Result, cured. 

Ununited fracture of olecranon ; fracture ob-
lique ; considerable separation of frag-
ments. Patient unable to extend the arm. 
Accident occurred five months previously. 

4 John H.19 . Ad., May 6, 1873. 
Op., May 31, „ 
Dis., Aug. 15, „ 
Result, cured. 

Dislocation of the lower end of the ulna 
backwards. The lower end of the radius 
was much thickened. Suppuration had 
occurred in the sheaths of the flexor ten-
dons. The movements of the wrist-joint 
were painless, but limited, more especially 
as regards extension. 

5 William T., 31. Ad., Nov. 19,1873. 
Op., Nov. 26, „ 
Dis., Jan. 8, 1874. 
Result, cured. 

Loose cartilages in the elbow-joint. The 
movements of flexion and extension were 
impaired, more especially the foimer. 
Pain on attempting to "complete these 
movements. 

6 I'-ranees G., 54 . Ad., Nov. 3, 1873. 
Op., Feb. 8, 1874. 
Dis., Sep. 14, „ 
Result, improved. 

Ununited fracture of neck of right femur. 
Accident happened 18 months before ad-
mission. Right limb, 29§ in.; left » 
31J in. Suffered great pain; could wi-
ther sit nor walk. 

HEALTHY JOISTS. 

Treatment 

Removal of the finger and the whole of 
the metacarpal bone ; the carpal arti-
culations being of course opened. 

Free incision into joint ; cartilage re-
moved. 

Longitudinal incision over olecranon, 
the cartilaginous end of the humerus 
being at once freely exposed. Ends 
of fragments refreshed, drilled, and 
tied together by strong silver wire. 
Wound left open. Splint applied so 
as to keep the arm extended. 

Abscesses opened; end of ulna removed ; 
drainage-tube introduced into the 
wrist-joint, which was healthy. 

Longitudinal incision over external eon-
? I . t T 1 °P e n e d ' l o o s e bodies 
(about 200 111 number) scooped out. 
two drainage-tubes were inserted-
wound stitched. ' 

f 1 1 i!aT'ng b e e n d r a" - " down to 
mad! £ h b )7U ! l e - v s ' a u ¡vision was 
and tt Î1 ; ' b o v e t h e trochanter, 
X I e , ? i t h e fragments were 
t h S n U l t h e g o u S e and hammer, 
Drains-« hemg opened in the process 
n o S " t u b e , s i n s e r t ed into joint; 
¿ o n t h ' ' t . 1 ™ * sP l i n t a , ,d exten-

pulley applied. 
30|in S leS a , t e r operation, 

Remarks 

On April-23, the wound had entirely healed ex-
cept a small point at the distal eiid. Aseptic 
O.OIIVSP 

Wound was completely healed on August 5. It 
had been dressed four times. Aseptic course. 
Knee freely movable. 

The wound had completely healed on May 2, ex-
cept where the wire projected. Dressed ten 
times. Wire removed on May 19, when unioii 
was complete. Passive motion was commenced 
on April 8, and was performed at each dress-
ing. Typical aseptic course. When dismissed, 
the movements of the arm were almost perfect 
In a letter received from the patient some time 
afterwards, he stated that the one arm was as 
good as the other. The temperature in this 
case was irregularly taken but it was only 
once above 100° P., and then it was 100-6° F. 
an evening temperature. 

No local or constitutional disturbance followed 
the operation. When sent to the convalescent 
home on August 15, there was still a small 
sinus, but this soon healed. The movements of 
the wrist-joint were greatly improved. 

Healed on December 17. Dressed seven times 
Aseptic course. Arm was paralysed at first 
owing to the pressure of the tourniquet: but' 
under the use of galvanism, this was cured. 
When dismissed, the movements were much 
improved. (See paper bv Mr. Sampson Gam-
gee in Lancet for January 10, 1874.) The tem-
perature in this case was onlv taken once dailv, 
and was only once above.99° F., viz. on the 
morning after the operation, when it was 99-7° 
F. 

Healed on March 28 ; aseptic course. Extension 
was maintained till April 3 ; but when it was 
at length removed, it was discovered that the 
weight had been too heavy, and that the limb 
operated on was longer than the other. 
V\ hen the patient left the hospital, there was 
not osseous union, but she was able to walk 
fairly and sit, and the pain which she previ-
ously suffered had completely disappeared. 
(See Chart IV.) 



No. Name and Age 
Date of Admission, 
Operation, and Dis-
charge ; with Result 

7 Grace S., 15 Ad., May 6, 1874. 
Op., May 14, „ 
Dis., May 27, „ 
Result, cured. 

8 Agnes , 17 Ad., July 1875. 
Op., J ill v 13, 1875. 
Dis., Oct. 20, „ 
Result, cured. 

9 Edward R., 59 . Ad., Aug. 12, 1875. 
Op., Aug. 27, „ 
Dis., Dec. 16, ,, 
Residt, cured. 

10 Alexander—, 26 Ad., Nov. 10, 1875. 
Op., Nov. 16, „ 
Dis., Dec. 26, „ 
Residt, cured. 

11 James D., 16 . Ad., Feb. 14, 1876. 
Op., Feb. 14 ,. 
Dis., Mar. 20, „ 
Result, cured. 

12 John D., 64 . . Ad., May 18, 1877. 
Op., J une, 1 „ 
Dis., Sept. 8, „ 
Result, much im-

proved. 

I I . — O P E R A T I O N S ON 

Disease 

Ganglion on the back of both wrists beneath 
the extensor tendons, which had resisted I 
all treatment; multilocular. 

Ostitis of the tibia; bone much thickened 
A sinus was present, leading down to bare 
bone. 

Enchondroma of scapula. A tumour had 
been removed from the same region seven 
years before the patient's admission to 
hospital. 

Four months before admission, patient met 
with an accident, causing fracture of the 
ulna a little above its middle, and disloca-
tion of the head of radius backwards. Pro-
nation and supination were almost impos-
sible. Extension could be carried slightly ; 
beyond a right angle. 

Patient was run over immediately before 
admission. Left ankle much bruised and | 
distended with effused blood. 

Rupture of rectus femoris and erureus ia 
both thighs, the vasti being still attach«) 
to the sides of the patella." No power of 
extension; though, if the leg were in-
tended, it could be kept so. If it became 
at all bent, the patient fell. 

HEALTHY JOINTS (continued). 

Treatment Remarks 

Both ganglia were removed, the ten-
dons befng exposed during the opera-
tion and held aside. On the right 
side the wrist-joint was opened, the 
articular surfaces of the scaphoid and 
radius being seen. 

Thinking that the case was one of ne-
crosis, Mr. Lister cut down and gouged 
out a portion of the bone. In doing 
so, he found the interior of the shaft 
softened, and converted into a sort of 
granulation material. In scraping 
out this matter, the gouge accident-
ally passed into the ankle-joint, which 
was healthy. Chloride of zinc was 
applied, and a drainage-tube iuserted. 

The whole of the scapula below the 
spine, the spine itself, and about one-
third of the glenoid cavity were re-
moved, the upper border of the sca-
pula and part of the glenoid fossa be-
ing left. 

External lateral ligament of the elbow-
joint divided and head of radius snip-
ped off. Drainage-tube inserted into 
joint. No stitches. 

Joint incised and clots evacuated. 

Thevasti were detached from the sides 
ot the patella. The upper border of 

P^pUa was rawed, and the vasti 
were stitched to it—a V-shaped por-
tion being taken out of the rectus and 
ciureus Counter-openings made OD 
each side of the joint and drainage-

ted on ° > e r t e d ' ° U ' y °UU k u e e 0 p u r a " 

When dismissed to be treated as an out-patient 
healing was not complete. On June 2, the left 
wrist was found healed; on June 7, the right 
had also healed. Left dressed seven times ; 
right eight. Drainage-tubes removed May 20. 
Typical aseptic course. Movements of fingers 
.and wrist-joints on both sides were perfect. 
Temperature irregularly taken. Highest tem-
perature was S)9'5U P\ 

When the patient was discharged, the wound had 
completely healed. There was no pain, and the 
ankle-joint was freely movable. No constitu-
tional or local disturbance followed the opera-
tion. 

A portion of one of the flaps lost its vitality, leav-
ing a large deep hole, at the bottom of which 
the articular end of the humerus could be seen. 
Phis took a long time to fill up, but was com-
pletely healed when the patient was discharged. 
The rest of the wound healed bv first intention. 
Passive movement was kept up, and when the 
patient was dismissed, there was good move-
ment at the shoulder-joint. (See Chart V.) 

Healing was complete on December 8. Dressed 
six times ; aseptic course. Passive movements 
were, begun on November 18. When dis-
charged, the movements in all directions were 
very fair. When seen again in September 1877, 
all the movements were almost absolutely per-
fect. 

Aseptic course. On March 10, the wound was 
quite superficial, and boracic dressing was ap-
plied. Movements of joint normal. 

Wound went on well for about three weeks, when, 
owing to the patient pushing his hand under 
the dressings, the wound putrefied; but by this 
time the opening into the joint had closed, and 
no harm resulted. When dismissed, the pa-
tient could extend his knee after it had been 
bent to an angle of 135°; and the other knee 
being kept extended by means of a splint, he 
could walk without fear of falling. (See report 
of case by Dr. Roxburgh in Lancet, 1878.) 
(See Chart VI . ) ' ' 



II.—OPERATIONS ON 

Name and 

Adam W., 7 

Date of Admission, 
Opération, and Dis-
charge ; with Resuit 

Ad., May 27, 1877. 
Op., July 6. „ 
Dis., Aug. 24, „ 
Result, cured. 

William T., 35 
(See No. 5.) 

15 Francis S., 40 . 

Ad., July 19, 1877. 
Op., July 25, „ 
Dis., Aug. I l , „ 
Result, cured. 

Ad., Oct. 24, 1877. 
Op., Oct. 26, „ 
Dis.. Jan. 11, 1878. 
Result, cured. 

Disease 

Badly united fracture of the lower end of the I 
humerus, the lower part of the upper frag- | 
ment projecting backwards and locking ' 
the olecranon, thus causing inability to ex-
tend the forearm beyond an angle of 120°. 
Of some months' standing. 

Return of previous symptoms. 

Transverse fracture of the right patella, pro-
duced by striking the bent, knee against a i 
bar. Patient was admitted on1 October 12, 1 

but insisted on going home, and on being 
treated by apparatus. As the apparatus 
did not answer, he now readily consented : 
to the performance of the operation pre-
viously proposed. 

John S., 5 Ad., Feb. 6, 1878. 
Op., Feb. 6, „ 
Dis., Mar. 29, „ 
Result, cured. 

Ihemophilia, with effusion of blood intotlie 
right ankle-joint. Stated that he was 
kicked on the ankle three days before ad-
mission. Patient was suffering great pain 
and constitutional disturbance. The joint 
was tense from the presence of fluid, ani 
as Mr. Lister feared that suppur.ilioa 
might ensue, he incised the joint. 

HEALTHY JOINTS (continued). 

Two longitudinal incisions made on the 
posterior aspect of the joint: one be-
tween the external condyle and the 
olecranon, the other between the ole-
cranon and the ulnar nerve ; these in-
cisions, of course, opening the articu-
lation. The projecting portion of the 
humerus was then removed, the at-
tachment of the triceps to the olecra-
non process being left intact, and a 
hollow was gouged for the reception of 
the olecranon process. In order to get 
complete extension, it was necessary 
to remove the whole of the external 
condyle; drainage-tubes inserted. 

Elbow-joint opened ; no loose cartilages 
found, but. a number of bodies at-
tached to a fringe of synovial mem-
brane were removed. 

A longitudinal incision about three 
inches in length was made over the 
patella, when it appeared that the 
fragments were mutually displaced, 
and a mass of firm coagulum, mixed 
with fibrous tissue, interposed between 
them, so that, it would have been im-
possible to bring the osseous surfaces 
into contact except by opera tive means. 
This material was removed, and the 
ends of the fragments were then re-
freshed, drilled obliquely and tied to-
gether with strong silver wire. An 
opening was made into the joint on 
the outer side for the introduction of a 
horsehair-drain. The wound was 
dosed by stitches, and the limb placed 
on a posterior Gooch's splint. 

An incision was made on each side of 
the ankle-joint, A quantity of dark 
Huid blood escaped. Horsehair-drain 
passed through the joint. 

The wounds had quite healed on July 30-
dressed six times; typical aseptic course. 
VVhen discharged, the movements of the elbow-

joint were almost absolutely perfect. (See 

Aseptic course. Wound had healed, and the 
movements were restored when the patient was 
discharged. (See Chart VIII.) 

The wound had completely healed on November 
17, except where the wire was. Drain removed 
f rom knee on November 4. Incision on outer 
side of knee healed on November 11. Dressed 
seven times ; typical aseptic course. Wire was 
removed on December 21. The splint was left 
off on January Patella firmly united. There 
was naturally considerable stiffness of the knee 
owing to the limb having lain so long in the 
splint, but, it could be moved with case through 
an angle of about 45 deg. Patient would not 
submit to forcible movement under chloroform 
or even to wear an elastic apparatus for gradual 
flexion. (See Chart IX.) ë 

Both wounds had healed on March 22. Ha-inor-
rhage occurred from one of the wounds on t he 
morning after the operation, and recurred at 
intervals during three days, being at length 
checked by the application of a solution of per- j 
chloride of iron in glycerine. Wounds were ! 

quite superficial on March 12, and boracic 
dressing was therefore applied. No suppur-
ation ; aseptic course. When discharged 
there was no pain in the joint: the joint was 
quite movable, and the bov was able to run 
about. Patient was m hospital in September 
18/9, on account of bleeding from his finger-
the ankle was then in every respect quite 
normal. (See Chart X.) 1 



RESULTS OF ANTISEPTIC SURGERY. 

I I - — O P E R A T I O N S ON 

Name and Age 

William B., 45. 

Edward W-, 12 

James P., 34 • 

Date of Admission, 
Operation, and Dis-

charge ; with- Result 

Ad., March 18,1879. 
Op., March 20, „ 
Vis., May 4, „ 
Result, cured. 

Ad., Jan. 5. 1879. 
Op., Jan. 15. ,. 
Dis., June 12, „ 
Result, in process of 

cure. 

Disease 

Ununited fracture of the olecranon of nine 

weeks' standing. Patient could oulv im-
perfectly extend his forearm. The" frac-

ture was oblique, and, on flexion, there 
was considerable separation of the frag-
ments. 

Badly united fracture of the lower end of 
the humerus, with dislocation of l»th 
bones of the forearm backward. Accident 
happened three months before admission. 
The movements of the elbow-joint were 
very limited. 

Ad.. March 19,1879. 
Op.. March 24, „ 
Dis., April 25, „ 
Result, right cured; 

left in statu quo. 

Loose cartilages in both knee-joints. 

MR. LISTER'S JOINT CASES. 

HEALTHY JOINTS ( c o n t i n u e d ) . 

Treatment 

An incision was made on the ulnar side 
of the posterior surface of the olecra-
non. Ends of fragments were re-
freshed with a chisel and hammer, the 
joint being of course opened. Frag-
ments were then drilled obliquely ami 
li d together with strong silver "wire. 
Horsehair-drain passed into joint.' 
Wound stitched; arm placed on a 
splint in the extended position. 

On the supposition that the case was 
simply one of fracture, a longitudinal 
incision was made behind the joint, 
with the intention of excising it ; but 
the true nature of the case being re-
vealed. it was determined to avoid in-
terference with the bones of the fore-
arm. A small slice was sawn away 
from the lower end of the humerus 
winch was greatly distorted and thick-
ened by callus. The lower end of rhe 
humerus was then pared and shaped 
with chisel and gouge, so as to re-
semble,he natural form of the articu-
lar end of the bone, hollows being 
gouged for the reception of the coro-
3?, a n d olecranon processes. The 
dislocation was then reduced ; drain-
age-tubes inserted, and wound stitched 
he reason for preferring this opera-" 
ion to complete excision was to avoid 
tie lagging behind in growth of the 
forearm and hand, which is so apt to 
R a f t e r that operation in y iung 

Remarks 
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Mo.-en ents on both sides unimpaired 



I I . — O P E R A T I O N S OS 

No. 

20 

Name and Age 
Date of Admission, 
Operation, and Dis-

ch irge ; with Result 

Andrew G., 28 . Ad., June 6, 1879. 
Op., June 6, „ 
Vis., July 11, „ 
Result, cured. 

21 

22 

William T., 37. 

James K., 29 

23 Joseph R., 21 

Ad., Dec. 13, 1879. 
Op., Dec. 15, „ 
Dis., Feb. 15, 1880. 
Result, cured. 

Ad., April 10, 1880. 
Op., April 12, „ 
Dis., Sep. 25, „ 
Result, stiff knee. 

Disease 

Ad., Sep. 27, 1881 
Op., Oct. 22, „ 

(See No. 25). 

Patient was a medical man. lie had suffered 
from bunion, beside the metatarsophalan-
geal joint of the great toe of the right font, 
for 14 years. Pads, etc., had been used, 
but without effect. Patient was unable to 
walk even short distances without great 
pain, and he could not enter on the prac 
tice for which his medical education had 
now qualified him. 

Recent simple transverse fracture of the 
patella. The accident happened on Dec. 9. 

Loose cartilage in the left knee joint. 

Ununited fracture of the patella of 
months standing. Upper fragment]^ 
firmly adherent to the anterior ^ 
the femur. Lower fragment very smoi 
Patient cannot walk at all. 

HEALTHY JOINTS ( con t inued ) . 

Treatment 

Mr. Lister made a longitudinal incision 
over the inner side of the joint on the 
dorsal aspect. The joint was opened 
and the projecting inner end of the ex-

• tremity of the metatarsal bone cut of!'. 
The remainder of the joint left intact' 
Drainage-tube inserted ; no stitches. ' 

See description of operation, p. 420. 

The cartilage was removed bv a free in-
cision, and a drainage-tube was in-
serted into the joint. 

Remarks 

wz t ' f e irFnr e of t f d e t a c h e d 

refreshed an" t!ó i . , o f fragments 
wire T)i JinÌ together with silver 
cases. a , B a s e n s i n the former 

A J u l v qC°WK ,W 0 ,U n d w a s quite healed on 
i L 
the soft parts much h ^ In a not f recefved 
wr."es ' V " SeP.tember 16, 1879, patin 

" l s ' , 1 l l e prominence on the inner side of 
perfecta f o A t 1 " 6 ^ f ^ P P ^ , an°d i t v e 

„ r f .. J « ' « , with entire absence of 
pain. 1 can walk ten miles without anv in 
convenience.' (See Chart XII . ) 7 

, " ,e rf P e- r f e c t t h r o u « h ™ angle of 45° and 

• g f p S S H S S 
ng the temperature was up to 102-8° v i L 

knee was swollen and very painful and'tl^ 
S l f f i ^ ^ Wit'h discharge There 

« m m 

Aseptic course Stitches removed on October 25 
The wounds had completely healed on Noveniber 
4. On November 20 the patient was p u S e -
hmb °rTh'0and a " attempt made t o t e n Z f e 

. , r i|e upper fragment had, however 
again become adherent to the femur aT,d in 

t 0 b e n ' t h e l i m b the wî e broke and the fragments became separated. The c^e 
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No. Name and Age 

24 Martha F., 43 . 

25 Joseph R., 24 . 

26 William G., 62. 

• 

Date of Admission, 
Operation, and Dis-
charge ; with result 

Ad., Nov. 5, 1880. 
Op., Nov. 12, „ 
Result, cured. 

See No. 28. 
On., Nov. 26, 1880. 
Dis., Feb. 5, 1881. 
Result, cured. • 

Fracture of patella of eight weeks' standing. 
Patient walks with great difficulty and 
with the aid of sticks. 

See No. 23. Refractured patella. 

Ad., June 21, 1881. 
Op., June 24, 1881. 
Dis., Aug. 11,1881. 
Result, cured. 

Recent fracture of patella. Accident hap-
pened on June 21. 

Operation 

Operated on in the same manner as the 
others A drainage-tube used for the 

' joint instead of a horse-hair drain. 

Re-operated on as before. No drainage 
of the joint was necessary. Wound 
left open in part. 

Treated like No. 21. 

Remarks 

Aseptic course. No pain, inflammation or con-
stitutional disturbance. Drainage-tubes re-
moved November 16. Almost healed on Novem-
b e r ^ . Quite healed on November 27. Seen 
on May 31,1881. Could then walk comfortably 
without a stick, could raise the leg from the bed 
and flex the knee, but the flexion could not be 
earned quite to a right angle. (See Chart 

Aseptic course. On December 8 everything had 
healed except a small part of the gaping inci-
sion where blood-clot filled the wound. On 
scraping away the superficial layer of this clot, 
cicatrisation was found to have" advanced con-
siderably beneath it. Seen in April 1881: could 
walk comfortably with a stick. Could not raise 
leg trom bed, but was able to bring it forward 
m walking. Flexion gradually improving. 
Onion of fragments good; no separation. (See 
Chart XVII . ) v 

Aseptic course. On the morning of the 24th (be-
fore the operation) the temperature was 100-2° 
in the evening 100-6°. On the 25th T. M. 100° 
E. 100°; dressed. 26tb, T. M. 100-2° E., 98-fi°-
dressed. The drain was not acting verv well' 
which probably accounts for the continued 
elevation of temperature on the 25th ; as soon 
as that was put right the T. fell. On thp 27rh 
T. M. 99-4°, E. 100-4°. On the 28th T. M? 99-8, 
J - 9 J ' ° - On the 29th tube left out. Dressed 
again on July 6. Almost entirely healed and 
spray stopped on July 9. A minute spot un-
healed on July 15. The temperature after the 
28th ranged between 98-8° and 99-8°. Passive 
motion could be readily performed without any 
pain. 
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The result, then, is that Mr. Lister has since the end of 
1871 treated conservatively in hospital 40 cases of injuries of 
healthy joints without a death, and in only one case (wounds 
of joints, No. 3), was there any necessity for further operation. 
This was a case of wound of joint not made by the surgeon. 
In only one case in which the joint was opened by Mr. Lister 
did suppuration occur (No. 22), and here, as I shall presently 
shew, the aseptic method had been imperfectly carried out. 
- It has been objected to these cases by Mr. Bryant,1 that an 
equally good series of cases might be found in the case-books 
of any hospital. It may indeed be that in some instances 
equally good results have been obtained, but I venture to affirm 
that no hospital case-book, recording cases not treated asepti-
cally, would show that all the cases treated in succession had 
like results. It is as an integral record of a number of cases 
in succession rather than as a record of each individual case 
that these facts are important. There will no doubt be found 
throughout the journals isolated examples of remarkable 
results after injuries of joints, but then only the successful 
cases are published; we do not have a record of all the cases 
in the practice of a particular surgeon; we do not hear of the 
many cases where failure occurred, or where conservative treat-
ment was not attempted. Then, again, the cases ordinarily re-
corded in journals have not been treated in the same way as Mr. 
Lister's. For Mr. Taster not only makes an incision into a 
joint, but he purposely keeps the communication open for some 
days by means of a drainage tube, and he does not syringe out 
the joint with any antiseptic solution. I do not believe that 
such a thing could be done with a poultice or other septic 
dressing without the occurrence of suppuration in the joint, 
and yet among Mr. Lister's 26 operation cases this only hap-
pened in one instance, and in it, as I shall presently point 
out, we have complete evidence that the requirements of the 
method had not been efficiently complied with. 

Mr. Bryant also expressed his astonishment that Mr. Lister 
should regard the removal of foreign bodies from joints as a 
perfectly safe procedure on the evidence of 3 cases. But then 
it must be remembered that every case in which a joint was 

1 MacCormac's Antiseptic Surgery. 

incised, for whatever purpose, proves the assertion that they 
may be opened for the removal of foreign bodies, and so at 
the time when Mr. Bryant spoke the evidence rested, J ° * 
3 published cases, but on 20 cases of operations and 12 cases 
of accidental wounds, i.e., not on 3 but on 32 cases. And in 
real, y it rested on many more, for this record only represent" 
Mr. Lister s practice since the end of 1871. For five veirs 
previously M , Lister had been operating on joints in hospita 
with success and the details of some of these cases have been 
published. And m private practice, also, during all the«e 
years Mr Lister has performed a number of operations on 
healthy joints. Further, during the same time, m l ^ o f M l 

Listers pupils had performed similar operations with similar 
successes Thus the evidence in support of Mr. i Z e X 
statement is sufficiently ample to justify it 

It was further stated by Mr. Bryant, that a number of these 
cases were too trivial to be of value, but I venture to doubt the 
force of this argument. For I do not suppose that a n t e L i n 
into a carpal articulation will be regarded as a very trivial S 

^ Z BetinT o n l y 3 c a s e s w h e r e " Z : 

Joints : 
R a t i o n of the phalanges ^ ^ ^ ^ 

-ely but septically have almost all died. It may b e th t" 
have had an unlucky experience, but I have seen t h a t ™ 

^ o n is m the great majority of cases performed for X ' 
X o ' , W h e r e t h e y ^ ^ e d conservatively and «-ithout aseptic precautions a great risk is ran Tl a 

- t e t e : T o t o m y \have s a M t h a t ™ - ^ 
* * " a " ^ ted h° n e U m f T b S flUid 8 0 ^ l y that the 
and 1 al r a d T f t W ^ ^ * w h i c h t h e ? c a n ^velop ; 
ascites as welf as an o ^ ^ * w h e r e was 
was fluid in which T ° t U m ° U r ' ^ t h e r e f o r e > there 
always been l a , T ^ ™ S " c h cases have 

3 e n iegaided as particularly unfavourable for operation 



though surgeons do not as a rule seem to have understood the 
reason of this. A corresponding condition may be got in the 
case of joints, more especially in the knee joint in hydrops 
articuli. The ordinary practice in such cases, if they refuse 
to yield to the ordinary methods, is to remove the fluid by as-
piration. That practice has been found to be perfectly safe • 
it is a subcutaneous, in fact an aseptic, operation. In Edinburgh 
in 2 cases of this kind (chronic synovitis), Mr. Lister made in-
cisions into the joints and introduced a drainage tube. In 
neither case was there the slightest bad result. In the first 
case the drainage tube was removed on the fourteenth day, and 
the wound healed a few days later. In the second case the 
drainage tube was kept in a few days longer, and the wound 
had completely healed in five weeks. In both instances the 
disease was cured; in both the movements of the joint were 
perfect; in neither was there any suppuration, inflammation 
or constitutional disturbance. In King's College Hospital Mr. 
Lister has made incisions in 3 cases of acute synovitis verging 
on suppuration, and in all cases with cure without suppuration. 
In these cases the knee-joint was affected. In 2 the move-
ments were good when the patient left the hospital. In the 
other movement is perfect, but the leg is kept in a silicate 
apparatus, as the ligaments have not yet regained their firm-
ness, and the limb is apt to become over extended. (In this 
instance the inflammation was much more extensive, affecting 
the adjacent portions of the tibia and femur and producing 
softening of the ligaments.) 

Then I must mention, that Mr. Lister's practice in cases of 
synovial disease of joints where the disease progresses in spite 
of rest, counter-irritants, &c., is to make free incisions into the 
joints, and introduce drainage tubes into them. This is done 
at once, without waiting for the formation of abscesses, in 
cases where the disease is progressing. In 16 cases so treated 
since 1871 no pus was present, and of these 16 cases 11, or 
68-7 per cent., were cured without any further treatment (ex-
cision or amputation), and there never was any suppuration 
from the joint. In several of the cases considerable move-
ment was obtained. 

The cases were :— 

8 incisions into the k n e e - j o i n t - n o p u s - 7 cured without further operation 
4 » „ tarsus „ 2 „ 
2 JJ >, elbow o " 
a . " ^ » >, 

" » wrist „ (J • (• • 

None of the cases died. 

. . T h e n ' a s 1 h a v e said> where suppuration has occurred, the 
joint is also, in the first instance, simply incised and a drainage 
tube inserted; if necessary, further measures can be resorted 
to afterwards. Of 48 abscesses of joints so treated 27, or 56-3 
per cent., were cured without further operation; and in these 
there was no more formation of pus after the incision. 

These cases comprised :— 

19 abscesses of the h i p - j o i n t - 1 3 cures without further o p e r a t i o n - 1 death 
" " 151160 5 „ n j 

" >• » tarsus 3 „ , j " 
2 » » shoulder 1 „ " " 
3 i, ,, e lbow i >f " " 
7 » » wrist 4 " " 

" » — 

There were three deaths, all of them from tubercular 
meningitis, confirmed on post-mortem examination. One other 
ease not included here must be mentioned. A patient, a little 

after S T , r t e d K i n g ' S C ° I I e g e H 0 S ' ) i t a l W i t h P ^ -ter scarlet fever. Abscesses were present in various joints, 
and as they were causing him considerable pain, they were 
opened. The child died two days later. 7 

Thus, taking all the cases together, we have 109 instances 
where joints, healthy or more or less diseased, were opened 
,n < l r a i n a#e t u b e s Verted ; and of these 109 cases only 3 died 
he cause of death in each instance being quite independent of 

tne method of treatment adopted. 

of w o Z j n g f M - ' P r a c t i c e W e find r e e o r d s o f * number ot wounds of joints in the practice of other surgeons. 
7 w l ° i , T - ' - i n h i s first r e l , o r t> mentions the occurrence of 

«ounds of joints and 2 incisions into joints for loose carti-
V s without a death. In his last report he adds 24 case! of 

^ s i i s r m a k i n g inai133 cases' 



Knee 
Wrist 
Elbow 
Foot 

No details of these cases are given, and we do not therefore 
know whether any further operative interference was necessary. 

In his paper on compound fractures,1 Yolkmann adds the 
fact that 21 compound fractures passing into joints were 
treated without a death. With regard to these last 21 cases 
we have some further particulars. In 2 instances resection 
was at once performed ; in 5 resection was performed 
secondarily; in 3 amputation was performed secondarily; in 
10 there was perfect recovery with freely movable joints; and 
in 1 case there was recovery with anchylosis, but the treatment 
was not commenced in this instance till thirteen days after the 
injury, and the joint was then already suppurating. In all 
these cases there was extensive injury of the bones as well as 
wound of the joint. In 3 cases the secondary operation 
was performed because the patient was not admitted for some 
time after the injury, and the joints were already suppurating ; 
in one case the supervention of gangrene rendered it necessary, 
and in the other cases the nature of the wound, malposition of 
the fragments or suppuration of the joint, required it. Of 
course in considering cases of wounds of joints it must always 
be remembered, that one can never be certain that all the 
causes of putrefaction already present have been destroyed, and 
therefore, the probable result is very different from, i.e. much 
more uncertain than, that where the surgeon makes the wounds 
himself, and where, therefore, he has merely to exclude these 
causes. This is well illustrated in the case of compound 
fractures. 

Max Schede, in his work on amputations, states that he has 
treated 15 cases of compound fracture in which joints were 
opened. Of these 10 were treated conservatively and healed, 
in 9 instances (5 of elbow, 2 of hand, and 2 of foot) with 
movable joints, in 1 with anchylosis, where the case was not 
admitted for some time, and where there was extensive com-

1 ' Die Behandlung der complicirten Fractureu," VolJimanns Saminhmj, 
Nos. 117-118. 

Cases Deaths 
15 o 
8 0 
5 0 
5 0 

minution of the tibia, numerous portions of which necrosed. 
In 2 cases amputation was necessary on account of gangrene ; 
in 1 esse, which was not admitted till ten days after the' 
injury, secondary amputation was performed; in 1 case of elbow 
injury a partial secondary resection was necessary, and in 1 
case death occurred from trismus, the patient not having been 
admitted till the thirteenth day after the injury, when the 
joint was already suppurating. 

Taken together with Yolkmann's 54 cases we have 69 cases 
with 1 death. With Mr. Lister's 40 cases we have a total of 
109 cases of injuries to or operations on healthy joints with 1 
death, a death which ought not to be reckoned at all, for the 
patient was not treated aseptically from the beginning. 

Both Yolkmann and Schede mix up the cases in which 
treatment was commenced at once with those in which the 
patient was not admitted for some days after the injury and 
where the joint was already suppurating. If we separate 
these cases from the 36 instances of compound fractures with 
wounds of joints, of which we have details, we find that 28 
came under treatment within forty-eight hours after the 
occurrence of the accident, and of these 19 recovered with 
movable joints; in 2 cases primary.and in 4 cases secondary 
resection was necessary, and in 3 secondary amputation was 
performed (twice for gangrene). On the other hand, of the 
8 cases which did not come under treatment till forty-eight 
hours or more had elapsed, none recovered with movable 
joints, 2 recovered with stiff joints, 4 required secondary re-
section, 1 secondary amputation, and 1 died of tetanus. Of 
course m judging of the effects of the aseptic or other method 
of treatment in preventing the bad effects liable to follow 
wounds of joints, the latter class of cases, where treatment is 
not commenced for several days, ought to be excluded. 

j ? a r t h ' Pol ished in 1877 the results of the cases of 
wounds of the knee-joint which had been treated in the hospital 
at Basel since 1873. They were 10 in number. Of these 9 
^covered with movable knee-joints and one died of exhaustion. 

I a t t e r w a s a c a s e o f compound fracture of the patella along 

by ur^ ^ 



with injury to the right side of the head and fracture of the 
lower ends of both radii; the result of a fall from the first floor 
of a house to the street. For four days things seemed to 
be going on well, and then the patient began to complain of 
pain in the knee. The wound on the forehead began to sup-
purate, and the bone became bare. The patella also necrosed. 
An abscess formed in the thigh, and the pus had a foul smell. 
The patient sank, exhausted from the prolonged suppurations, 
about six months after the injury. In this case purification 
had not in all probability been successful in the first instance. 
Among these 10 cases we have 6 which were seen soon after 
the injury: the other 4 having come under treatment several 
days later when suppuration was commencing, or had already 
begun. The success in purifying the wounds in these 4 cases is 
remarkable; they all recovered with movable joints. In puri-
fying them, the wound was swabbed out with chloride of zinc, 
and then irrigated with strong carbolic lotion, several counter-
openings being also made. The successful disinfection in these 
cases was a piece of luck, for one can by no means reckon on 
anything like such a result. 

Saxtorph of Copenhagen has published the results of his 
aseptic practice in removing foreign bodies from joints by free 
incision.1 He has had 12 cases, 11 being cured and one end-
ing fatally. In this case the patient took off the antiseptic 
dressing, suppuration ensued, and the patient died. 

Piechaud2 has collected a number of cases of incisions into 
joints. He gives 4 cases of hydrarthrosis of the knee-joint 
which were treated by free incisions and aseptic drainage. 
They were operated on by Panas, Poinsot, Saxtorph and Lind-
paintner. In 3 of the cases there was perfect cure with 
free movement of the joint. In the fourth case, in a strumous 
subject, there was some fear that synovial disease was going to 
develop, and therefore the patient was discharged wearing a 
silicate apparatus with which he could walk about without pain. 

Piechaud mentions 3 cases of dislocation of the thumb 
where, in order to reduce the dislocation, free incisions were 

' Clinique Cliirurgicale. 
2 Be la poiiction et de Vincision dans les maladies articulaires. Par le Dr. 

T. Piechaud, Paris, 1880. 

made into the joint. All recovered with retention of the 
normal movements. In a fourth case, the finger, which was 
otherwise much injured, became inflamed, and amputation was 
performed on the following day. Piechaud also states, that in 
the course of the year he had seen in M. Labbe's clinique at 
the Lariboisière several similar cases where wounds of the 
phalangeal joints healed by first intention when treated 
aseptically. 

Professor Nussbaum," states in his work on aseptic treatment 
that < this method opens up a new field to surgeons. By the 
aid of these precautions, joints and the cavities of the body may 
be opened without danger.' This is his experience in an un-
healthy hospital. 

Professor Albert2 of Innsbruck says ; < Die operative Eröff-
nung seröser und synovialer Hohlräumen die bei offener Wund-
behandlung regelmässig zur Eiterung führt, führt unter Lister 
nicht zur Eiterung. Man kann Hydrocelen, Gelenke, Sehleim-
beutel ohne Gefahr eröffnen.' 

T H ' I E T E R 0 F G R E I F S W A L D S A ? S ; ' I T is with reason that 
I said m 1870 that puncture of joints ought to be considered 
as a dangerous operation; it is with as much reason that I now 
affirm (1876) that one can practice this operation without 
danger. I based my first opinion on the septic accidents con-
secutive to the inflammation.' 

M Létiévant of Lyons also says : 3 ' Des tentatives opératoires 
nouvelles, tres-graves, devant lesquelles on pouvait hésiter, ont 
pu etre mises en application, et si je n'avais eu la sécurité que 
me donnent mes statisques et une pratique déjà longue du 
pansement bsterien, je n'aurais jamais osé ouvrir largemfnt des 
mandes articulations, les luxer pour les nettoyer, remettre les 
os en place, drainer et conduire la plaie à guérison ' 

t r e a t y 1 T ** g W l s h o t o f 

u t ^ H a l t a S?P t l C a U y - T h e y W e r e 4 i n number, and, in a» the cases t h e k n e e w a s t h e j o i n t ^ ^ I n ^ > 
the movement was perfect, healing having taken place without 

1 Le pansement antiseptique, 1880. 
2 Lehrbuch der Chirurgie. Wien, 1877. 
3 Note sur le Pansement antiseptique IÂstérien. Lvon 1880 

1-angeribeck's Archiv, vol. xxiv. 
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the occurrence of suppuration. In a second it was not abso-
lutely perfect, but it was almost right, and was improving ; no 
suppuration. In a third the movements were good as far as 
a right angle, when the patient left the hospital. In the 
fourth case the patella was very much broken up by the bullet 
and portions of the bone afterwards exfoliated. The wound had 
quite healed in two months. When the patient was discharged 
about two and a half months after the accident, the patella 
was freely movable and the joint could be moved by the sur-
geon to an angle of 150°. The patient did not return to have 
the passive motion kept up, and when seen a year after the 
accident, the joint was anchylosed. 

I have already alluded to the remarkable results obtained 
by Dr. Carl Keyher1 during the recent Russo-Turkish war, and 
I must now mention in detail these results in cases where 
joints were injured. 

Keyher divides the cases treated into ' Primary antiseptic 
cases,' ' Secondary antiseptic cases,' and ' Non-antiseptic cases.' 
By 'Primary antiseptic' cases he means those which were 
treated aseptically from the very first, and which had not been 
examined beforehand with dirty fingers or instruments, or 
treated in any way. In these cases Keyher either washed out the 
wound with an antiseptic solution, removed any foreign bodies 
present, drained and treated aseptically, or he did not wash 
out the wound at all, but simply contented himself with purify-
ing the exterior and applying an antiseptic dressing. In the 
latter cases he trusted to Esmarch's idea that the bullet would 
not carry dust into the interior of the wound. The former 
practice was adopted where the wound was gaping, and where 
there was a suspicion that portions of clothing, &c. had been 
carried in with the bullet; the latter practice, where the edges 
of the skin were lying together, and where it was thought that 
the bullet had not carried any extraneous matters with it. By 
' Secondary antiseptic' cases he means those which had been 
examined or treated in some way opposed to aseptic principles 
before coming into his hands. In a few cases suppuration had 
already commenced. He tried to purify these wounds by washing 
them out with carbolic lotion, but the attempt was seldom 

1 Volkmann's Sammlvvt/, Nos. 142-14:!, 1878. 

successful. They are, therefore, as I have already pointed out 
cases treated with antiseptics, not aseptically. The <Non' 
antiseptic cases' were treated either with dry dressing, or with 
some watery or oily application containing an antiseptic 

Reyher demonstrates completely that all the cases which 
he mentions were perfectly comparable injuries, and that the 
results must therefore be due to the different ways in which 
the patients were treated. Every case, with the exception of 
very severe wounds caused by shell, was treated at the be-
ginning conservatively. 

Forty-six cases were treated by 'primary antiseptics,' and 
of these 6, or 13 per cent., died. With regard to these 46 
cases, however primary resection was performed in 19, and of 
these 2 died, leaving 27 cases treated conservatively with 4 
deaths, or a mortality of 14-8 per cent. The following were 
the joints which were injured : 

Total Healed Died Percentage 
Shoulder . , , mortality 
«'bow . . • : : : ; \ ; ° 

Knee . . ' ' i j ° ' 100 P-c-
Foot . • • • 18 15 3 1 6 . 6 j) 

° o a 
Total . 2 7 ~ T I T S , , 

E i g h t e e n o f t h e s e c a s e s w e r e t r e a t e d w i t h o u t w a s h i n g o u t 

nonê of the' 27 ^ " T * ^ ^ - I drained" none of the 27 was resection or amputation necessary. 

In S e i Z e S f d e i \ i n t h e 4 — s were as follows 
J ^ , i P" J O m t a C U t e ^fiammation and septic 

S i r T l b ^ f ° U n d t h a f c t h e bullet had earned in a portion of the clothing. One case of W < 
r d i e d from fatt* emb°Hsm * * t ^ s i r r 
fe f V U t h e m h * * ^cmorrhlgef" 
n cU t t r i ai' e r J a n d V 6 i n- T h e f 0 U r t h bad 
considered^** Y ^ f W " i s s u e d> but a fatal result was 
I 1 1 m, Pf I T h e C t i C feVer a n d d i f f i l S e suPPuration ; *ave theiefore included it among the fatal cases. 

t r e a t 6 d b ^ S e c o » d - T antiseptics,' 
cases onlv « l't , ^ d i e c L 0 f t h e remaining 30 

' ° n l y 8 innately retained their limbs, secondary resec-
G G 



tion being necessary in 15 cases, and secondary amputation 
in 7. 

Total Lived Died 
Shoulder-joint 7 4 3 
Elbow . 11 8 3 
Hand . 5 4 1 
Hip . 4 0 4 
Knee . 40 6 34 
Ankle . 6 4 2 
Tarsus . 5 4 1 

Total 78 30 48 

Percentage 
mortality 
42-8 p. c. 
27-2 „ 
20 

100 
85 
33-3 „ 
20 

61-5 „ 

The causes of death were in 17 cases pyaemia ; in 16, septic 
inflammations ; in 4, very acute suppuration of the joint ; in 
9, hectic ; in 1, carbolic acid poisoning; and in 1 there was 
j aundice. 

Contrasted with these two sets of cases, there were 62 where 
no antiseptic precautions were taken. Of these 39, or 62-9 per 
cent., had died when the first report was issued, but in the 
Appendix we are told that 9 more had died, the mortality being 
thus raised to 77-4 per cent. The causes of death in the 39 
cases were, in 23, from pyasmia ; in 6, from septic inflamma-
tions ; in 6, from hectic ; and in 1 the cause was unknown. 

The joints involved were (first report) :— 

Total Healed 
Shoulder 7 0 
Elbow . 11 0 
Wrist 6 1 
Hip . 4 0 
Knee 23 1 
Ankle 11 1 

Total 62 3 

Under 
treatment 

4 
5 
3 
1 
4 
3 

20 

Died 
3 
e 
2 
3 

18 
7 

39 

Percentage 
mortality 

42-S p. 
54-5 „ 
33-3 „ 
75 „ 
78-2 „ 
63-6 „ 

C2-9 „ 

The amended table a month or two later would 
b e 

Total Healed 
Shoidder 7 0 
Elbow 11 0 
Wrist 6 1 
Hip . 4 0 
Knee 23 1 
Ankle 11 1 

Total . 62 3 

Under 
treatment 

3 
5 
3 
0 
0 
1 

12 

Died 
4 
6 
2 
4 

22 
9 

• 47 

Percentage 
mortality 
57-1 p. c. 
54-5 „ 
33-3 „ 

100 
95-6 „ 
81-7 ,, 

75-8 „ 

One additional case died, but I do not know what joint was 
injured. The number of limbs treated ultimately conserva-
tively is not mentioned. 

A similar result is obtained if similar injuries are compared. 
Thus take the wounds of the knee-joint; and first the cases in 
which the bullet became embedded in the bones and in which 
conservative treatment was tried. 

Treated conserve 
tively to end Intermediate 

amputation Secondary 
amputation 

Re
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re

d 

a To
ta
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'E 
3 To

ta
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l 

Pe
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m
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Primary antiseptic . 
Secondary antiseptic 
Non-antiseptic . 

4 
0 
° 

0 
8 

J M 

4 
8 
4 

0 2 2 
- - 1 

1 
0 

4 
5 

5 
5 

4 
15 
9 

93-3 
100 | 

Treated 
conserva-
tively to 
the end 

Interme-
diate ampu-

tation 
Secondary 
resection" Secondary 

amputation Recovered 

Primary 1 
antiseptic / 
Secondary "l 

.These facts are surely striking enough. Out of 28 cases 
of wound of the knee-joint where the bullet became embedded 
m the bones only 5 lived, and of these four were treated a s e f 
tieally and retained their limbs. One case recovered w ^ h was 

amputation.1 * * ^ *fter ^ 

mXtZ^tstriking i f w e t a k e a11 — of 

* Had died at time of report. 

(The last line must be amended, for ultimately only ] of 
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these 23 non-antiseptic cases lived. Hence the percentage 
mortality was 95-6.) 

Thus, of 18 aseptic cases 15 recovered, all with movable 
joints. The causes of death in the 3 aseptic cases are given 
on p. 449. 

Of 63 c a s e s treated otherwise, 7 recovered (5 after amputation, 
1 with a stiff knee, and in 1,1 think, the knee was movable). 

These results are surely convincing. Reyher truly remarks, 
' Das scheint mir eben das Bemerkenswerthe zu sein ! Nicht 
dass Knieschüsse conservativ heilten, sondern dass von 18 
Knieschüssen welche mir ohne Auswahl auf dem Verbandplatz 
zugingen und welche an Schwere der Verletzung den andern 
nicht nachstehen, ein so grosser Procentsatz, nämlich 83-3 pro 
cent, mit Erhaltung und Beweglichkeit des Gelenkes geheilt 
ist.' 

Bergmann 1 also got some remarkable results by a smilar 
method of treatment during the same war. When the wound 
was valvular he did not wash it out at all, but simply purified 
the exterior and applied an aseptic dressing. 'After the 
storming of Telisch and Gorni-Dubnik 15 cases of compound 
fracture of the knee-joint came under treatment, mere injury 
of the capsule being excluded from the list. Of these 14 re-
covered, 2 after amputation, and 1 died, also after amputation.' 
(MacCormac.) 

In comparing these results from gunshot injuries with those 
obtained by other surgeons, MacCormac says: ' Hennen, Lan-ev, 
and Guthrie all agree that gunshot wounds of the knee-joint 
demand amputation, as the result is otherwise fatal. Guthrie 
states in his book that, he cannot recollect a case of recovery 
after gunshot fracture of the articular ends of the bones. 
Longmore tells us that in the Crimea not a single man wounded 
in the knee-joint recovered without amputation.' Such state-
ments at once clo away with any objection which might be 
made to Reyher's cases, to the effect that 18 is a very small 
number of cases; for among these t h e r e were no less than lo 
recoveries with movable joints, a result not obtained at all 
according to Longmore throughout the Crimean war, and not 

1 Ueber die Behandlung der Schussivundcn des Kniegelenks in Kri'F-
Stuttgart, 1878. 

obtained in the 63 other cases mentioned by Reyher. Indeed, 
if we were to work out Reyher's tables, we should find that of 
600 cases of gunshot wound of the knee-joint treated with 
antis- ptics, but not aseptically, only 15 would retain unmuti-
lated limbs, and the joints would be stiff. On the other hand, 
we only require to take 18 cases and treat them aseptically in 
order, not only to retain 15 limbs entire, but also to retain 
movement in the joints. 

The proper proportions would perhaps be got by comparing 
Reyher's aseptic results with those obtained during the Franco-
Prussian wax, as published by Heintzel.' These cases were 
treated in a variety of ways; by antiseptics, aseptically, by 
the water-batli or irrigation, by the open method, &c. Thus 
the results are by no means so unfavourable as during the 
Crimean and other wars. The sanitary arrangements were also 
better. In fact the treatment was much more antiseptic than 
formerly. Heintzel gives details of 529 cases of gunshot 
wounds of the knee-joint which were treated at the first con-
servatively. In 288 instances amputation was afterwards 
necessary; of these 225, or 78-2 per cent., died; of the 241 in 
which conservative treatment was carried out to the end, 109, 
or 45-2 per cent., died. Thus, of 529 gunshot wounds of the 
knee-joint treated in a variety of ways, generally more or less 
antiseptically, only 132 or 24-9 per cent, recovered. Compare 
with this result Reyher's 83-3 per cent, of recoveries where 
the aseptic principle is thoroughly and logically carried out. 

I can find no statistics of the results obtained in similar 
injuries or operations by other methods of antiseptic treatment. 
We have seen in Reyher's paper the result of treatment by 
antiseptics. 

Treatment by irrigation, unless a strong antiseptic lotion is 
employed, is hardly suitable for these injuries, for there are so 
many opportunities for retention and fermentation of discharge 
m the interior of a joint. Treatment by water-bath is no 
doubt sometimes good, but only as keeping down the inflam-
mation, not as preventing the suppuration. The only method 
v hich prevents inflammation and suppuration is the aseptic 

1 Deutsche militairarzlliche Zeitschrift, 1875. 



method, whether it be carried out by operating subeutane-
ously, or by making a crust, or by the use of antiseptics in the 
manner recommended by Mr. Lister. The latter is, I believe, 
the only method by which a wound in a joint may be kept 
widely open for some days without the occurrence of inflamma-
tion or suppuration. In order, however, to obtain this result, it is 
necessary to observe the minutest precautions before detailed, 
and to act in the very strictest manner in accordance with the 
particulate theory of fermentation. It is the omission of this 
care which leads to the failures which are recorded as failures 
of the aseptic method, but which are really failures on the part 
of the surgeon who attempted to carry it out. Surgeons are 
too apt to regard the omission of details, such as the purifi-
cation of hands or instruments, as ' trifling oversights,'1 and 
it is by so doing that they fail to obtain the results they are 
led to expect, and that we have such an amount of contradictory 
evidence before us. 

That no precaution is too minute to be attended to, is well 
illustrated by Mr. Lister's case of removal of loose cartilage 
from the knee-joint (No. 22, p. 434), which was referred to by 
him at the meeting of the British Medical Association at Cam-
bridge in 1880. The case was one of loose cartilage in the 
knee-joint of a strong healthy man which was removed with 
aseptic precautions by Mr. Lister. The operation was per-
formed on April 12, 1880, and there was no difficulty in its 
performance. After the cartilage had been removed, a drainage-
tube was inserted into the joint, and a small dressing was 
applied. The same evening the discharge was so profuse that 
the dressing had to be changed. The discharge had no smell, 
and I may say that throughout the ease it was entirely free 
from odour. 

On April 13, twenty-four hours after the operation, a speci-
men of the discharge was taken from the drainage-tube, and 
after staining with methyl violet, it was found to be full of 
organisms. These organisms were very small, and on careful 
examination they were found to be of a distinctly oval form 
and arranged in pairs. In some parts it was very difficult to 

1 See Mr. Holmes's report of a case in which he operated for ununited 
fracture of the patella in the St. George's Hospital Reports for 1880. 

say whether they were round or oval (see Plate V, Fig. 36). 
There was none of the characteristic grouping of micrococci, no 
threes in triangles and no pairs side by side. This was seen 
not t > be due to their being all in pairs, for chains of several 
individuals were found, but nowhere the micrococcal grouping. 
Again, in a specimen of this pus kept moist on a slide for 
twenty-four hours, very long chains were found, but no masses 
or typical micrococcal formation. Hence, from the microscopi-
cal examination alone, I concluded that these organisms were 
not ordinary micrococci, and other evidence will be mentioned 
immediately which supports this view. They were probably 
bacteria or micrococci of a peculiar kind not causing putrefac-
tive fermentation, but the products of whose growth were very 
irritating, for that is the only way of accounting for the profuse 
discharge from the interior of the joint. 

Redness occurred around the wound, and spread a little 
distance up the thigh. In the meantime, the patient's tem-
perature became high and the constitutional disturbance was 
considerable. 

On April 15, there was still profuse discharge, now distinctly 
purulent, but no smell; and in the stained specimens of the dis-
charge taken on this day, the organisms presented exactly the 
same characters as on the 13th. 

On the 16th, a quantity of pus was pressed out of the joint; 
an incision was also made into the inflamed part in the thigh 
and a quantity of sero-purulent matter escaped. A drainage-
tube was inserted into this abscess. 

Oil April 18, the state of matters continued the same. In 
the stained specimens of this day's discharge, numerous organ-
isms were seen, many of which were distinctly oval in form, 
but a large number were round (Fig. 37, Plate V). Two flasks 
of cucumber infusion were inoculated from the wound on this 
day, but no development occurred in them. 

In spite of the incision into the thigh, the suppurative in-
flammation spread, and a large abscess cavity was soon formed. 
As the drainage of the joint was not good, an opening was made 
on the outer side and a drainage-tube inserted. There was 
d.stinct improvement after this. The acuteness of the process 
soon began to abate. 



On April 22, the discharge from the drainage-tube of the 
abscess was found to contain 

organisms of the same characters, 
though fewer in number than formerly (Fig. 38, Plate V). 
On this day 

a flask containing meett infusion, and one con-
taining cucumber infusion, were inoculated with discharge from 
this abscess, but no development occurred in either. 

The state of matters continued with but slight improvement, 
and organisms were always present, though not so numerous as 
at first. On April 27, a flask containing edkedised cucumber 
infusion and a fresh egg were each inoculated with discharge 
from the inner side of the knee, but no development occurred 
in either. And on April 30, two eggs were inoculated with 
discharge from the outer side of the knee without any result. 

On May 9, discharge taken from the abscess cavity showed 
the presence of organisms few in number but possessing the 
same characters as formerly. A flask of pure vitreous humour 
of a sheep and a flask of ordinary cucumber infusion were 
inoculated from the abscess cavity. Nothing developed in 
either fluid. 

With regard to the ultimate result in this case, I mav say 
that improvement now began, and healing was complete and 
the limb restored to a sound state, during the month of Sep-
tember, though there had been very little indeed to heal for a 
month or six weeks previously. There was a considerable de-
gree of fibrous anchylosis. The patella was quite movable 
laterally, and there was a little movement between the tibia 
and femur, when the patient was discharged. 

Now, first as to the nature of these organisms. They were 
certainly not ordinary micrococci, for they had not the same 
appearance or mode of growth, and also they did not grow in 
any of the various materials into which they were introduced. 
The micrococci of which I have spoken in a former part of this 
work, and, indeed, any which I have as yet come across, would 
have grown with great readiness in several of these fluids. 
This was evidently a peculiar form of organism (probably bac-
terium), not causing putrefactiou, but nevertheless, locally of a 
very noxious character. Had it not been for the microscopical 
examination, one might have concluded that no organisms were 

present and been puzzled to explain the phenomena on anti-
septic principles, on the supposition that organisms were absent 

How did they get in ? If the aseptic method is sufficient, 
as I nave asserted it is, how were these organisms admitted ? 
As we have already seen, the only organisms which usually get 
into aseptic wounds are micrococci. Here the organisms 
differed m many respects from those ordinarily found, and the 
ordinary forms of micrococci were absent. Hence they probably 
did not get in m the same way as micrococci usually do, that is, 
as I have previously shown, through the dressing; for the ordi-
nary forms of micrococci are the first to enter, and would, I 
think, have been found had that been the explanation. Not 
only so, but these organisms must have got in at the time of, 
or very soon after, the operation, in order to be present in such 
numbers on the next day and also to account for the unusual 
amount of discharge on the evening of the operation. 

And they did not get in through the circulation, for there 
also micrococci are found as a rule first, and here there was no 
disturbance of the general health to account for their exist ence. 

\Y hence, then, did they come ? Were they perhaps spon-
taneously generated ? Truly an awkward sort of spontaneous 
generation for the patient! But why should the mere removal 
of a loose cartilage from a joint lead to the spontaneous develop-
ment of organisms in i t ? There was no formation of a 
vacuum m the joint. There was no change in the physical 
orces. There was no introduction of cheese a la Bastian into 

S / T ( , , r g a n i S m S W 6 r e t 0 d e v e l ° P spontaneously in the 
nt, why did they not do so the day before the operation 

rather than immediately after i t? I need not pursue the 
many arguments against this view; for we have previously 
seen that in exact proportion to the care in making experi-

feppear ^ ^ S U p p 0 S 6 d t 0 f a V O U r sP™taneous generation 

Two explanations therefore remain. Either we had here to 
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escaped the action of the carbolic acid, or there was some loop-
r Z ! n ! m e t h 0 d - T h e f o r m e r suPPosition I am inclined to 
eject, tor various reasons which I cannot discuss here- we 



have certainly had no previous experience of bacteria resisting 
the means employed. 

There was, however, I believe, a very distinct loop-hole in 
the method as practised at that time. This is alluded to at 
length on p. 79. I had long thought that the drainage-tube 
might carry into a wound dust-laden air in its interior, if the 
air which entered the tube on removing it from the carbolic 
lotion were not purified by carbolic spray. This is the explana-
tion I offer here, viz. that the air carried into the wound by the 
drainage-tube was not pure air, but contained a particle or par-
ticles which gave rise to this particular form of organism. On 
mentioning this to Mr. Lister, he at once saw the force of the 
argument, and since that time he takes precautions to prevent 
the recurrence of a similar accident. 

It is just possible that the fault lay in the fact that a very 
small dressing was applied at the time of the operation, and 
that they got in through the dressing. But then they must 
have got in during or very shortly after the operation, in order 
to produce the rapid effect which followed. And also, as I have 
just stated, the ordinary forms of micrococci would probably 
have been found in that case. 

The only other explanation would be, that there was some 
error in the manipulations. But though, no doubt, faulty 
manipulation is almost the constant cause of failure in those 
commencing the practice of this method and in those who 
have practised it, when the operation is difficult and requires 
much thought, yet here there was a simple operation, the im-
portance of the aseptic precautions were fully present to the 
mind, and I do not think that, especially in the case of Mr. 
Lister and his assistants, this explanation is in this instance 
the most probable one. Whichever explanation, however, be 
correct, the case is of great importance, as confirming the views 
expressed before, as illustrating the necessity of excluding 
organisms of all kinds, and as showing the results which may 
follow the admission of bacteria to wounds. It is also of in-
terest, because it shows that forms of bacteria may be present 
without the production of smell, and thus, because a discharge 
is ' sweet,' it is not necessarily ' aseptic: The 'difficulty which 
was experienced in finding the organisms before the pus was 

stained also warns us how careful we must be in deciding 
whether organisms are present or absent from wounds. Cases 
have been published where disastrous consequences have fol-
lowed incisions into joints, but where the surgeon has asserted 
that the discharge was sweet and free from organisms. Ac-
cording to recent investigations, however (p. 253), we know 
that the pus of acute abscesses and from acute suppurations 
always contains organisms,generally micrococci; and therefore 
in the published cases in which the assertion to which I have 
alluded has been made, it is clear that the presence of organ-
isms has been overlooked; for if no other form was present, 
micrococci were sure to be there. 

Various facts are known as to the removal of foreign bodies 
from joints without aseptic precautions. A number of these 
have been referred to in the historical part, and I will here 
content myself with quoting some figures from a paper pub-
lished by M. Larrey in 1861. As we have seen in considering 
the History of Antiseptic Surgery, the valvular method intro-
duced a considerable amount of security into these operations 
Larrey groups the results of the direct and of the oblique, or 
valvular incision together, but the details are very mea-re 
He mentions 132 cases, of which 30 died; 7 w e r e unsuccessful 
or uncertain in result; in 10 he mentions the occurrence of 
anchylosis; in 2 of hydrarthrosis; and in 9 of grave accidents 
not further specified. There are thus left 74 cases which were 
possibly cured with movable joints, but he expressly states 
that all he cases of healing in which accidents o c c u r r e d are 
not noted, so that the number of cures is really less. Thus 
only about one half of the cases recovered without the occur-
rence of some serious complication, yet these r e s u l t s , though 
apparently so bad, are much more favourable than those which 
had been obtained by several other surgeons. Larrey contrasts 
with these cases the results of the operation in which a bed is 
made outside the joint to receive the cartilage. Of these he 

J ; 3 8 19 cures, 15 failures to extract th 
cartilage, and 5 deaths. 
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^ i e s from joints, even when the valvular or subcutaneous 



method is employed. If we search the surgical text-books we 
find that there is throughout a fear of such operations or in-
juries. Thus, Mr. Spence, in his ' Lectures on Surgery,' says,1 

' There is no class of operations that I have a greater dread of 
than the apparently simple one of removing a loose cartilage.' 

I have no statistics of septic eases, comparable to the asep-
tic ones, in which wounds of joints have been kept open for 
some days ; but, as will be seen in the history of this subject, 
experience has up till recently led surgeons to the conclusion 
that the safety of the limb and of the patient depends on rapid 
healing of the wound. And yet, as all the facts quoted show, 
these operations, when aseptically performed, are really devoid 
of danger. Sir James Paget says: 2 ' I cannot doubt that 
operations of this kind' (referring to incisions of joints with 
closure of the wound), ' which, in the earlier years of my work, 
were done with great risk, or, with a wise fear of the risk, were 
left undone, may now, with antiseptic help, be done with an 
almost complete safety.' 

1 See leading article in British Medical Journal, April 1880. 
2 MacCormac's A ntiseptic Surgery. 

CHAPTER XIX. 

RESULTS OF ANTISEPTIC SURGERY (continued). 

Compound fractures. Differences between those produced accidentally and 
those caused by 1 he surgeon : treatment and after-progress of each class. 
Tables of accidental compound fractures treated by Mr. Lister : thigh; leg ; 
humerus; forearm. ; skull; summary of results. Tables of compound'frac-
tures produced intentionally by Mr. Lister ; femur ; leg; clavicle; hume-
rus; forearm; lower jaw. General summary of Mr. Lister's results. Mr. 
Spence's results. Other operations on bones by Mr. Lister. MacEwen's 
osteotomies: Volkmann: Max Schede : Bardenheuer: MacCormac. Com-
bined aseptic results. Results by other methods: Volkmann and Fraenc-
kel: Holmes: St. Thomas's Hospital. Reyher's results in war. ' Open 
method : Kronlein. Septic methods. 

1 NOW pass on to a second class of cases which are often fol-
lowed by most serious consequences: I refer to compound frac-
tures occurring accidentally or made by the surgeon. 

Compound fractures produced accidentally and those made 
by the surgeon differ from each other in various important par-
ticulars. In the first class dust is as a rule introduced into 
the wound before the surgeon sees the case, and, therefore, the 
problem is to destroy the energy of this dust. Whether such 
an attempt is successful or not, must of course always be a 
matter of doubt; and hence the results are uncertain. Then, 
also, the violence is often very severe and complicated with 
other injuries or with shock, and in this way life may be lost 
from causes which could not be avoided by any method of 
wound treatment. On the other hand, in the second class of 
cases the surgeon has only the ordinary aseptic problem before 
him, and if he is justified in other cases in looking with cer-
tainty for good results, he ought to be equally justified here. 
Pe is also"independent of the other injuries and shock which 
so often complicate accidental compound fractures, and, there-

' t h e mortality ought also to be less. If we remember 
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these differences, we shall be able to form a just estimate of the 
value of the results. 

The aseptic course in these cases corresponds to that de-
scribed in Chapter XVIII. ; and I need only indicate one or two 
points in the treatment and after-progress of the injury. 

The treatment of compound fractures the result of accident 
has been already described at pp. 113 and 114. It consists in 
washing out the wounds thoroughly with a strong antiseptic 
lotion, generally the 1-20 watery solution of carbolic acid or the 
1-5 mixture of carbolic acid and methylated spirit. This is done 
by injecting the lotion through a catheter attached to a syringe 
filled with the solution, the orifice of the, wound being left 
freely open. In this way, by moving the point of the syringe 
in various directions, the lotion is introduced with certainty 
into all the recesses of the wound, while by leaving the orifice 
of the wound freely open there is no risk of forcing the fluid 
into the cellular tissue. It is well to clear out all the clots of 
blood. The skin in the neighbourhood is also thoroughly 
washed with 1-20 carbolic lotion, the whole being done in a 
spray of carbolic acid. The wound is left freely open, and in 
most cases a drainage-tube is passed into the deeper parts and 
kept in for a few days. In some instances, if there is much 
tendency to displacement, the ends of the fragments may be 
tied together with strong silver wire. A large gauze dressing, 
en veloping the limb, is then applied, and outside it a suitable 
splint. This dressing is changed on the following day, and 
afterwards according as it is necessary. After a few days, in 
compound fractures of the lower extremity, when the discharge 
has become small in amount, some arrangement like that de-
scribed at p. 107 may be employed. 

The after-progress of these cases depends on whether the 
causes of putrefaction were destroyed or not by washing out 
the wound. If they were not, then the case becomes one 
treated with antiseptics, but not aseptically. If the causes of 
putrefaction were eradicated, the wound follows an 'aseptic 
course ' (p. 421 ). In cases of compound fracture, more especi-
ally from direct violence, the soft parts are-often much con-
tused and lacerated, and the bones are sometimes comminuted 
and much injured. The ordinary result in such cases, when 

aseptic treatment is not employed, is, that, sloughing of the con-
tused and lacerated tissues occurs to a greater or less extent and 
very generally portions of the broken fragments of the bone be- * 
come necrosed. This process is accompanied with a considerable 
amount of suppuration. If, however, the wound is rendered 
aseptic, and if the irritation of the antiseptic is excluded, this 
sloughing and suppuration does not occur. The wound be-
comes filled with bloocl-clot; the interstices between the frag-
ments of lacerated tissue also become filled up; the whole 
remains unaltered for many days, merely assuming a greyish 
appearance on the surface, but after some days, on scratching 
this clot, it bleeds, showing that it has become vascularised, 
and on detaching the superficial layer the greater part, or 
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FIG 7 8 , - T E M P E R A T O R E C H A R T FROM A CASE OF COMPOUND FEAOTTIRF 
' S ,™E ATTEMPT T° ERADICA™ ™E CAUBM W 

CASE A N ° W H I C U ™ E R E » O R E BECAME A SEPTIC 

indeed the whole of the wound, will be found to have become 
covered with epithelium. (This process will be more minutely 
discussed hereafter.) There is no suppuration at all from the 
wound, and no separation either of dead skin or tissue, or of 
ead bone. If, however, no protective be used, or the wound 
? de!uSed w i t h Strong carbolic acid, the superficial layer of 

e. Cl0t becomes irritated, and when vascularised, granulates, 
<wc suppuration occurs from its surface; at the same time, the 
portions of dead tissue being impregnated with carbolic acid, 

-come irritating, cause granulation and suppuration where 
T i m e o n t a c f c w i t h t h e living parts, and are thus separated 
a mi! ] 6 S h u ^ g in this instance, however, is not as 

* f s o extensive as in the case of a septic wound. 



The constitutional condition also depends in the main on the 
success or failure of the attempt to render the wound aseptic. 
If the attempt fails, the temperature is generally high, as in 
other septic cases (see fig: 78) ; if, on the other hand, it is 
successful, the temperature generally remains normal or nearly 
so, though it may be high for a few hours after the injury 
(see fig. 79). (I shall not go into this matter further at pre-
sent, as I intend to discuss it more fully in a future chapter.) 
The general well-being of the patient also closely corresponds 
to the septic or aseptic state of the wounds; if the wound is 
septic and the temperature high, the patient generally feels ill, 
and has other symptoms of fever; if, however, the wound is 

jnx 

FIG. 79 .—TEMPERATURE CHART FROM A CASE OF COMPOUN-D FRACTURE 
WHICH FOLLOWED AN ASEPTIC COURSE (CASE 23, p . 472) . 

rendered aseptic the patient feels practically in a normal state 
of health. 

In the case of compound fractures made by the surgeon, the 
progress of the wound and the constitutional state of the 
patient are similar to those described as typical of operations 
on joints (p. 421) ; and I need not repeat what I said there. 
In performing these operations a free incision is made down 
to the bone with the various aseptic precautions; the bone ¡; 
chiselled or sawn across, or a portion of bone is r e m o v e d accord-
ing to circumstances; the bleeding vessels are secured; a 
drainage-tube is introduced down to the bone; as a rule, no 
stitches are inserted; and the dressing is applied according to the 
ordinary rules previously described. In a few hours the wound 
is filled with blood-clot, which becomes vascularised and organ-

ised, and cicatrisation occurs beneath its superficial layer without 
previous granulation or suppuration. As a proof of this I mav 
refer to the fact mentioned by Dr. MacEwen, that he had 
made 835 compound fractures, and that in only 8 of the wounds 
was there any pus formation, although none of these injuries 
was subcutaneous. After operations conducted in this way the 
general state of the patient remains normal. 

In considering the results of compound fractures, it is quite 
clear that all cases, in whatever way they are treated, whether 
by primary or secondary amputation or conservatively, must 
be mentioned and grouped together in the first instance 
For the frequency of primary amputation after compound 
fracture will depend not only on the great severity of the iniury 
and destruction of tissue, but also on the dangers to which in 
accordance with the experience of the surgeon in charge the 
patient will be afterwards subjected. If the surgeon feels'that 
themethoa of treatment which he has been accustomed to 
adopt m these cases is not such as to secure the patient from 
the after consequences, he will naturally take into frequent 
cons.deration the question of primary amputation. If, on the 
other hand, he has been led to expect that the dangers incident 
o these injuries are not likely to occur under the method of 

treatment which he adopts, he will perform primary amputation 

? m e t h 0 d o f treatment m compound fractures, the number 
of primary amputations and the sort of injuries in which they 
are performed must be mentioned. With regard to secondary 
amputation it must be remembered that these, as well as the 

t t t e % a - r ! S e , i n ; V h i C h t h e a t t e m P * to treat conserva-
S 8 f ' T t h e r e f ° r e * i s n o t efficient merely to 

ate he results of cases treated conservatively to the end. In 
the foUowmg tables I have attempted to indicate, as fairly as 
o sible, the nature of the injuries and the after-progress" of 
he cases which have occurred in Mr. Lister's practice since 
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I . COMPOUND FRACTURES, THE 

In considering these I have included all Mr. Lister's cases since 
1871 : those requiring primary amputation as well as those treated 

Compound Fractm 

No. Name and Age 
Date of Admission 

and Discharge ; 
with Result. 

Injury 

1 A case of extensive compound fracture of the femur where primary amputation 
performed at the hip-joint. Tne patient died almost immediately. There is no record of! 

2 J. S., 45 . • • Ad., June "26, 1874. 
Died., June 20, „ 
Cause of death was 

shock. 

Extensive compound comminuted fracture of 
the femur, and severe laceration of leg 

3 George P., 12 . Ad., Sept. 29, 1871. 
Ms., Feb. 14, 1872. 
In process of cure. 

Compound fracture of the femur from a fall. 
Direct violence. 

4 R. P.. 17 . . . 
(Septic case) 

Ad.. Nov. 15, 1872. 
Died, Dec. 14. „ 
Cause of death was 

broncbitisand car-
diac disease. 

Two railway trucks passed over his te. 
causing a simple comminuted fracture ol 
both bones of the leg, and a simple commi-
nuted fracture of the thigh. The skin 
over the fracture of the femur sloughed, 
and the bone protruded on November il 
Patient was suffering from cardiac disease. 

5 Mrs. D., 50 . Ad., Oct. 15, 1878. 
Dis., June 20, 1879. 
Result, healed. 

Compound fracture of the femur. 

There were thus five compound fractures of the femur, of which 
two were amputated primarily, both dying of shock ; and three were 
treated conservatively, one of these dying of bronchitis and cardiac 

Compound Fractures 

William R., 12 

A. R., 18. . 

Ad.. June 17, 1872. 
Died, same clay. 
Cause of death was 

shock.' 

Ad., April 7, 1874. 
J)is., Sept. 3. 1874. 
Result, cured. 

Compound fracture of left legand o 
Skin torn off for a considerable dis«®>-
Patient in a state of collapse »lien sa-
in itted. 

Uff crushed by a beam. Severe «*#»»» 
comminuted fracture ot the leg. 

RESULT OF ACCIDENT. 

; Femur (accidental). 

fee case in the books, but I know that it occurred. 

Primary amputation just below the 
trochanters. 

Wound injected with 1-20 carbolic lotion 
Opening enlarged. Drainage-tube in-
serted, and splints applied. 

•4 attempt was made to keep the slough 
sweet, but putrefaction had already 
«.turred, and therefore the attempt 
was unsuccessful. p t 

&Xo.:i, p. 124, and No. 70. 

P r a S ' a H r d T e f L U ^ e r t d m i i t e d ' a u d ™ 
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tions were used to d S c t i - / ! p r e , C a T 

(This was a spntin i f PreV10us t o admission. 

fesss^asp** 

f *?£> mi therefore all the 

Wtfy (accidental). 

Mutation. (Modified Carden.) 
For some time the patient suffered from cartoli,-

S S K S W a f t e r —bol i c d ressi ngs we re 
or them he ^ ^ w o r e ^ « t u t e d 

healed slowly. r C C O v e r e d - a » d the stump 
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I . C O M P O U N D FRACTURES, THE 

No. 

10 

11 

12 

13 

14 

15 

Name and Age 

F. D., 22. 

James B., 18 

R. II., 25. . 

George A., 41 . 

George S., 21 
(Septic case) 

James D., 24 . 

Peter M., 22 
(Septic case) 

Anne L., 60 . 

Date of Admission 
and Discharge ; 

with Result 

Ad., Dec. 12, 1873. 
Dis., March 13,1874. 
Result, cured. 

Ad., Aug. 3, 1874. 
Dis., Sept. 13, „ 
Result, cured. 

A rf., March 17,1874. 
Dis., April 27, „ 
Result, cured. 

Ad., Julv 1, 1872. 
Died, July 3, „ 
Cause of death was 

exhaustion. 

Ad., March 15,1872. 
Died, May 20, „ 
Cause of death was 

diphtheria. 

Ad., Aug. 2, 1872. 
Dis., Sept. 17, „ 
Result, healed. 

Ad., Sept. 9. 1872. 
Dis., Oct. 31. „ 
Result, cured. 

Ad., Oct. 28. 1872. 
Died, on same day. 
Canse of death was 

shock. 

Injury 

Railway engine passed over leg, almost sever-1 
rag the foot, and producing a severe, com-1 
pound comminuted fracture of the le-. 

Railway engine passed over his ankle, crash-' 
ing the bones very severely. A consider-' 
able amount of shock. 

Very severe compound fracture nf both bones 
of the leg. Foot drawn through a pin-
hole of a vessel by an anchor chain. 

Compound comminuted fracture of both 
bones of the leg. 

Compound comminuted fracture of both 
bones of the left- leg. Fracture of right 
thigh with very severe bruising. Patient 
almost moribund. 

The wheel of a cab passed over the leg. 
causing a compound fracture. Small 
wound. 

Severe compound comminuted fracture of \ 
both bones of the leg. Leg crushed by a 
heavy stone. 

Compound comminuted fracture of the <v 
Also fracture of the pelvis. Patient mon-
bund when admitted. 

Treatment 

Primary amputation through the calf . 

Primary amputation through the upper 
third of the leg. (Modified circular.) 

Primary amputation just below the knee. 
(Modified circular.) 

Wound enlarged and injected with 1-20 
carbolic lotion. Wound left open. 

Wounds washed out with 1-20 carbolic 
lotion. (Secondary amputation.) 

Wound enlarged and injected with 1-20 
carbolic lotion. Wound left open. 

Washed out with 1-20 carbolic lotion. 
(Secondary amputation.) 

Worn.4 injected with 1-20 carbolic lotion. 

Remarks 

Hemorrhage occurred on several occasions in 
connection with a portion of the anterior flap 
which sloughed, but the rest of the wound did 
well, and the whole was quite superficial on 
February 1, and quite healed when the patient 
was discharged. 

Aseptic course (i.e. no local or constitutional dis-
turbance). The wound healed by first inten-
tion except where the drainage-tubes were and 
at the centre of the flaps, where a little gaping 
occurred. The wound was absolutely healed on 
September 18. 

The line of incision healed for the most part by 
first intention. A slight tendency to gaping at 
the centre of the incision was easily overcome 
by the use of strapping applied aseptically. 
Wound was quite healed when the patient was 
discharged. 

Patient got gradually weaker, and, without any 
special symptoms, died in forty hours. 

Putrefaction was not avoided, and on March 17, 
when this was evident, amputation was per-
formed through the middle of the thigh. This 
wound had almost completely healed when, on 
May 17, he complained of "sore throat. His 
temperature went up ; diphtheritic patches ap-
peared on the fauces ; and he died on May 20 
from diphtheria. (See T. Chart XVIII . ) " 

Aseptic course. The temperature only once rose 
above 100° F., and then it reached 101° F., 
thirty-six hours after the accident. The wound 
hail quite healed, without any suppuration, by 
September 7. The bones were not quite firm 
when the patient was discharged. He was sent 
out with the leg in a case of plaster of Paris. 

Putrefaction was not avoided, and as the tem-
perature was going up (it had reached 103J), 
Mr. Lister thought it better to amputate. This 
lie did through the lower third of the femur on 
September 13. The stump followed a perfectly 
aseptic course, and healed by first intention, 
except where the drainage tubes were. It had 
completely healed on October 18. 

Patient died three hours after admission. On 
p. m. examination extensive fractures of the 
sacrum and pelvis were found. 



I. 

No. 

16 

18 

19 

20 

21 

22 

Name and Age 

William K., 16 

J. M.,32. . . 
(Septic case) 

J. McA. . . 

James B., 56 . 
(Septic case) 

A. R., 25. 
(Septic ea 

T. N., 30. 

Jane L., 36 

Date of Admission 
and Discharge ; 

with Result 

Ad, March 26,1873. 
Dis., July 12, „ 
Result, cured. 

Ad., June 16, 1873. 
Dis., Sept. 15, „ 
Result, cured. 

Ad., Aug. 22, 1873. 
Dis., Dec. 18, „ 
In process of cure. 

Ad., Sept. 15, 1873. 
Dis., March 12,1874. 
In process of ciu-e. 

Ad., Feb. 18, 1875. 
Dis., Sept., „ 
Result, cured. 

Ad., April 26,1875. 
Dis., Sept. 20, 
Result, cured. 

Ad., Oct. 18, 1875. 
Dis., March 11,1876. 
In process of cure. 

C O M P O U N D FRACTURES, 
THE 

Injury 

Compound fracture of both bones of the w 
A piece of stone fell on bis leg. AdmiS 
twenty-four hours after the accident 

The wheel of a tramway ear passed over his 
leg, causing a compound comminuted frac-
ture of both bones. Patient admitted im-
mediately. 

A stone fell on his leg, causing a compound 
comminuted fracture of both bones. The 
patient was admitted two hours after the 
accident. 

A van ran over his leg, causing compound 
fracture of both bones, two inches above 
the ankle-joint. Seen at once. 

Leg was run over. Severe compound commi-
nuted fracture of both bones. Admitted 
two hours after the accident. 

Compound fracture of tibia caused by a 
wooden beam falling on his leg. Upper 
end of lower fragment protruding. Acci-
dent happened four hours before admission. 

Compound fracture of tibia. Leg crushed by 
a wooden beam. Lower end of upper frag-
ment protruding. Done four hours before 
admission. 

RESULT OF AC C I D E N T ( c o n t i n u e d ) . 

Treatment 

W o u n d injected with 1-5 solution of car-
bolic acid in methylated spirit. 
Wounds enlarged. Mclntyre splint 
applied. 

Wound injected with a solution of car-
bolic acid in methylated spirit, 1-5. 

Some fragments of bone were removed. 
The wound was washed out with car-
bolic lotion, 1-20. 

Wound injected with 1-20 carbolic lotion. 

Wound injected with 1-20 carbolic lotion. 

Wound injected wit h 1-20 carbolic lotion. 

«'o,md washed out with l-f0 carbolic lotion. 

Remarks 

Putrefaction avoided. A small abscess formed 
in the leg and was opened on March 31. 
Afterwards the wounds progressed well, and 
were superficial on May 16. Boracic dressing 
was then applied. Erysipelas attacked the 
wound on May 23, but it had passed off on May 
30, and the wounds healed rapidly. The bones 
were quite lirrn and there were only two super-
ficial spots to heal when the patient was dis-
charged. 

Putrefaction was not avoided. The wound suppu-
rated freely, and a small piece of bone necrosed. 
The temperature was not regularly taken, but 
for twelve davs it was above 100" F., ranging 
from 100° to 103-9°. The bones had united and 
the wounds had almost healed when the patient 
was discharged. 

Putrefaction was avoided. There was a very 
little superficial' antiseptic suppuration.' There 
was no inflammation or formation of abscesses. 
When discharged the leg was firm, but there 
was still a sinus leading down to bare bone. 
The temperature only once rose to 100°, thirty-
six hours after the accident. 

Putrefaction was at first avoided, but the pa-
tient, during an attack of delirium tremens, 
tore off the dressings, and the wound putrefied. 
It was henceforth treated with lint soaked in 
carbolic acid and glycerine. When discharged 
there was still a sinus leading down to bare 
bene, but the bones were quite firm. 

Putrefaction was not avoided. Two abscesses 
formed, and the wound and the abscess cavities 
suppurated. For six weeks the temperature 
varied from 100° to 103° F. Other abscesses 
formed, but ultimately the parts began to re-
cover, and healing wa's complete at the end of 
September. 

Aseptic course. The highest temperature recorded 
was 99-7°. The wound had healed (exact date 
not given), and the bones had united when the 
patient was discharged. 

No constitutional disturbance, but two small 
fragments lost their vitality, and were not re-
moved till a few days before the patient was 
discharged. At that time the bones were firm, 
and there remained only a small superficial 



472 RESULTS OF ANTISEPTIC SURGERY. 

I . C O M P O U N D F R A C T U R E S , THE 

No. Name and Age 
Date of Admission 

and Discharge; 
with Resuit 

Injury 

23 James G., 11 . Ad., June 23, 1876. 
Dis.. Nov. 23, „ 
In process of cure. 

Compound fracture of both bones of the leg. 
Admitted immediately after the accident] 

24 William R., 50. Ad., Jan. 26, 1877. 
Dis., March 15,1877. 
Resut, cured. 

Compound fracture of tibia, caused by a kick 
from a horse. Admitted immediately. 

25 Mary V., 55 Ad., Nov. 9, 1877. 
Dis., Aug. 14, 1878. 
Result, cured. 

Run over by a cart which caused a compound 
comminuted fracture of both bones of the 
leg. 

2G Andrew F., 38. 
(Septic case) 

Ad., March 15,1878. 
Dis., Dec. 2, 
Result, cured. 

The wheel of a van passed over his leg, pro-
ducing a very bad compound fracture of 
both bones just above the ankle-joint. 
Great injury to the soft parts. There was 
also a compound Colics' fracture. See 
No. 42. 

27 Cornelius N., 34 Ad., May 24, 1878. 
Dis., Dec. 18, „ 
Result, cured. 

Leg jammed between a stone and the wheel 
of a truck, resulting in compound commi-
nuted fracture of both bones of the leg. 

28 Maria L., 60 Result, cured. Compound fracture of fibula, etc. (See «ja" 
ries of joints, No. 10, p. 424.) Patient did well. 

Remarks 

lac greatest difficulty was experienced in keeping 
the bones in position, and there was conse-
quently great pain. The temperature was high 
for some days, but the pulse was not fast, and 
the patient seemed well with this one exception. 
J.'or some days the bones became constantly 
displaced, but otherwise the wound did well 
It remained aseptic, though as the result of the 
" ™ c e there was suppuration, but only a 

S d t h e w m m " S o t smaller it was 
found that the bones could be kept in position 
by a screw pressing on the upper fragment, 
l i e leg was put up in plaster of Paris, but on 

ember 29 the bones were found to be still 
ununited. Eight to ten minims of tincture of 
iodine were therefore injected between the fra«--

™ Z L , S T ? , s " ; e l l i "= a n d a s m a 1 1 abscess resulted, and the bones united. When seen on 

MR. LISTER'S COMPOUND FRACTURES. 

RESULT OF A C C I D E N T (continued). 

Treatment 

Hound injected with 1-20 carbolic lotion. 

Wound injected with 1-20 carbolic lotion. 
Wouud left open as usual. Aseptic course Beautiful example of organisa-

tion of blood-clot, without suppuration. Heal-
ing complete on February 28. The tibia was 
found to be firm on March 6. (See T. Chart 

Apparently no constitutional disturbance, thou-h 
the temperature was above 100° on several 
occasions. A portion of the skin sloughed. No 
exfoliation Put up in plaster of Paris on 
January 23, 1878. Taken down on March 14, 
but the bones were not then quite firm. One 
« L 3 aPP?ratu®?s were subsequently applied, 
and when the patient was at length discharged 
union was complete. (See T. Chart X X I . ) 

The attempt to eradicate the causes of putrefac-
X SUC.Cessf"1 ' ; , u d , i l e wound sup-

f^nì? , • 1 J® P a t l e n n h a d f«ver. An abscess 
formed m the leg. The wounds were quite 

nK-l r ' / " "v 5" T , L e " i r e w a s re i»oved on 
July 23. „ November the bones were found 
to be soundly united. (See T. Chart XXII . ) 

Aseptic course. The bone took a long time to 
unite and was not absolutely firm, though 
almost so, when the patient was discharged 
C h a n D f l x n ) i m m o v a b l e apparatus. (See T. 

Wound washed out with 1-20 carbolic 
lotion. On the following day, in order 
to get the bones in position, it was 
necessary to saw off portions and tie 

. fragments together with silver 
wire. 

1 ffr°"nd f l a f e d and pieces of bone 
9n ' , . V y° u n d washed out with J I-iO carbolic lotion. 

Wound syringed out with 1-20 caibolic 
lotion. 



I . — C O M P O U N D FRACTURES, THE 

No . 

29 

30 

31 

Name and Age 

F. C., 6 . . . 
(Septic case) 

Alfred A.. G 

Frederic H., 48 

Date of Admission 
and Discharge ; with 

Result 
Injury 

Ad., Dee. 4,1878. 
Dis., April 20, 1879. 
Result, cured. 

Leg run over by a cab. Large wounds on 
both sides of tlie leg, that on the outer side I 
communicating with a fractured fibula. 
On the inner side the tibia was bare. 

Ad., Sept. 12, 1879. 
Bis., Oct, 19, „ 
Residt, cured. 

Ad., Nov. 14, 1879. 
Bis., Jan. 5, 1880. 
Result, in process of 

cure. 

Compound fracture of both bones of the 1 
Tibia protruding. Cause not given. 

Compound fracture of the lower end of the 
right fibula and simple fracture of the 
middle of the right tibia. Result of a fall. 

There were thus under Mr. Lister's care during these years 26 
cases of compound fracture of the bones of the leg, of which 4 died. 
Three of these deaths occurred within forty-eight hours, and the 
other was from diphtheria. None of the deaths was therefore pre-
ventive by any method of after-treatment of the wound. 

In 5 of the 26 cases primary amputation was necessary. One of 
these eases died of shock. 

Twenty-one cases were treated conservatively, and of these 3 
died. 

Of these 21 cases 2 required secondary amputation, of which 1 
died of diphtheria. Of the remaining 19 cases 2 died, both from 
shock and exhaustion, within forty-eight hours. 

32 R. J., 23 . . 

33 

34 

35 

George G., 60 . 

Henry A., 12 . 

Henry B., 22 

Ad., March 22,1872. 
Died, March 23, ,. 
The cause of death 

was shock. 

Result, cured. 

Ad., Dec. 28, 1872. 
Bis.. April 17, 1873. 
Result, cured. 

Result, cured. 

Compound Fractures of 

The wheel of a railway waggon passed over 
his shoulder, causing a compound commi-
nuted fracture of the" humerus and scapula. 

Compound comminuted fracture of the hu-
merus. 

Cab wheel passed over arm, causing a com-
pound comminuted fracture of the hu-
merus. Patient brought to the hospital 
immediately. 

Compound fracture of the humerus. 

RESULT OF A C C I D E N T (continued). 

Treatment 

Wound washed out with 1-20 carbolic 
lotion. 

Wound washed out with 1-20 carbolic 
lotion. 

Wound enlarged and syringed out with 
1-20 carbolic lotion. 

Remarks 

Putrefaction was not avoided. Sloughing oc-
curred to a considerable extent anil hf dis-
charge: had a foul smell. When this was e v t 

b ° [ a c i c ointment and boracic lint were 
hnt f J t e n , P e r a t u r e chart cannot be found, 
but for some days the temperature varied 
from 100° to 103° F. On March 23 twn 
pieces of dead bone were removed. When dis-

ture united.6 " " " " " h a d h e a , e d the f £ 

Aseptic course. 

A 2 0 P H V r r - l V o m ; d h c a l e < 1 »bout December 
W ; T ifS f 0 ! ! l l d u n i t e d 0 ,1 December 27. 
Sent out with a silicate apparatus on. 

in these 19 cases the attempt to eradicate the causes ofputrefac-
oi.was unsuccessful in 4 instances. It was also unsuccessful in 

U the cases m which secondary amputation was necessary. Thus 
eattempt failed m 28-5 per cent, of the cases. One case putrefied 

after some days because the patient tore off the dressings 
0 f t h e 6 s e P t i c e a s e s secondary amputation was necessarv • 

jecrosis occurred in 1, sloughing of the skin took place i n T T d ^ n 
remaining 2 there was inflammation and abscess formation 

J t h e a S 6 P t i c c a s e s any operation necessary. Iu 
> 7 1 was there any appearance of necrosis, and the course of the 
Z l T f 7 d i f f 6 r e n t " a H from that of^ the cases «ere putrefaction was not avoided. 

fe Humerus (accidental). 

portions of 

^Woundsof Jo:nts (No. 2). 

^ washed out with 1-20 carbolic 

Wounds of Joints, p. 424 (No. H) . 

w a s s tor ing , severely from shock 
SdfromTocaknntted' 'and — railied" 

Putrefochon was a voided, but late in the case a 
htt e pus escaped from the wound. On probing i 
it dead bone was felt. This was removed "n 1 

I > a n d ™e wound healed rapidly. The I 
bones were firmly united on April 11 ' I 
(See T. Chart III., p. 438.} ' 



1 . — C O M P O U N D FRACTURES, THE 

Four compound fractures of the humerus were under treatment 
with 1 death from shock. 

Of these 1 case was amputated primarily and died, while 3 cases 

Compound Fractures of 

No. Name and Age 
Date of Admission 

and Discharge; with 
Result 

Injury 

36 C. B., 40 . . . Ad., June 2, 1874. 
T)is., July 6, „ 
Result, cured. 

A weight of 30 cwt. fell from a height on to 
his forearm, completely crushing it. 

37 J. H., 16 . . . Ad., June 8, 1877. 
I)is., July 16, „ 
Result, cured. 

Patient's forearm was drawn into a crushing 
machine and very badly smashed. 

38 Thomas W., 17 Ad., July 19. 1872. 
Ms., Sept. 22, „ 
Result, healed. 

Hand caught in a printing-machine, causing 
a compound comminuted fracture of the 
humerus. Kadial artery torn across. 
Fingers cold and pulseless. Extensive in-
jury of the soft parts. Admitted at once. 

39 John S., 34 . . Ad., July 7, 1873. 
Ms., Aug. 14, „ 
Result, cured. 

Forearm run over by a vehicle. There was 
a small wound communicatingwith a frac-
ture of both bones. The accident happened 
an hour and a half before admission. 

40 J. F., 30 . . . 
(Septic case.) 

Ad., Oct. 29, 1875. 
Ms., Jan. 31, 1870. 
Result, in process of 

cure. 

Arm caught in machinery. Compound frac-
ture of both bones of the forearm. Radius 
much comminuted. Soft parts much torn. 

41 John Oi l . , 28 . Ad., Dec. 24, 1875. 
Ms., Feb. 11, 1876 
Result, in process of 

cure. 

Compound fracture of the forearm from a 
piece of wood falling on it. Seen after two 
or three hours. 

42 Andrew F., 38 . Ad., March 5, 1878. 
Residt. cured. 
(See No. 26, p. 472.) 

Patient had a compound Colles's fracture as 
well as the fracture of the leg. 

There were thus 7 compound fractures of the bones of the fore-
arm without a death. Of these, 2 cases required primary amputation. 
In one of the 5 cases treated conservatively the attempt to eradicate 
the cause of putrefaction was unsuccessful. In 2 of the 5 eases 
union occurred satisfactorily ; in 2 union was delayed, and in one it 
did not occur on account of the great loss of bone. 

If we sum up the results of compound fractures of the extreim-

RESULT OF A C C I D E N T (continued). 

were "treated conservatively with good result. The attempt to eradi-
cate putrefaction was successful in each of the 3 cases. 

ike Forearm (accidental). 

Treatment 

Primary amputation through the lower 
part of the humerus. 

Primary amputation above the middle of 
the humerus. 

Wounds washed out with 1-20 carbolic 
lotion. Some loose fragments of the 
broken radius were removed. The 
wounds were also mopped out with 
chloride of zinc. Splints applied. 

Wound enlarged and a solution of car-
bolic acid in spirit injected. 

Wound washed out with 1-20 carbolic 
lotion. 

Wound enlarged and injected with 1-20 
carbolic lotion. 

Wound washed out with 1-20 carbolic 
lotion. 

Aseptic course. A minute superficial sore re-
mained to heal, where the drainage-tubes were, 
when the patient was discharged. 

Aseptic course. Wound healed by first intention, 
except where the drainage-tube was. Here a 
small superficial sore remained to heal when 
the patient was discharged. 

The fingers regained their warmth during the 
first twenty-four hours. Putrefaction was 
avoided, and the case went on well. So much 
of the radius was lost that union could not take 
place. The wounds were quite superficial on 
August 19, and had healed when the patient 
was discharged. (See No. 105.) 

Aseptic course. Highest temperature 99-9, pulse 
82. Date of healing is not given, but healing 
was complete and the bones were strong before 
the patient left the hospital. 

Putrefaction was apparently not avoided. The 
wound did very well, but "when the patient was 
discharged it had not quite healed. Bones 
pretty firm. Patient discharged, wearing an 
immovable apparatus. (See f . Chart X X I V . ) 

Typical course. When discharged to be treated 
as an out-patient, there was only a small point 

? Hrt,XXVP)h0'ieS WCre g g f'rm- (Sce 

Followed a typical aseptic course. The arm had 
healed and the splints were left off on April 12. 

fe produced by accident and treated by Mr. Lister, we get the 
following facts:— 

Since 1871 there have been 41 patients (42 limbs) admitted into 
hospital suffering from compound fractures of the long bones; of 
»ese 8 died. In 6 the cause of death was shock and exhaustion, 
M death occurred within forty-eight hours after the accident; in 1 
e cause was diphtheria, and in 1 bronchitis and cardiac disease. 



I . — C O M P O U N D FRACTURES, THE 

Of the 42 limbs injured 10 (10 patients) were amputated prima-
rily, and of these four died (all from shock). I need not refer to 
these again, as they do not concern the point at issue. There were 
thus 31 patients (32 compound fractures) in which conservative 
treatment was attempted, and of these 4 died (2 of shock, 1 of diph-
theria, and 1 of bronchitis and cardiac disease); but then only 1 of 
these deaths (case 4, which died of bronchitis and cardiac disease) 
can possibly be supposed to have any connection with the method of 
treatment of the wound. Hence, for our present purpose, we have to 
consider 28 cases (29 fractures) treated conservatively with one death. 
The fatal result in this instance is stated to have been cardiac dis-
ease and bronchitis, but the precise cause does not tell against the 
aseptic results, for in this case putrefaction took place. 

Of the 32 limbs treated conservatively, only 2 required secondary 
amputation, and one of these patients died of diphtheria, or we may 
perhaps put it better, and say that of the 29 limbs (28 patients) under 
consideration, only one required secondary amputation, and this case 
recovered. One of the remaining 27 patients died of bronchitis and 
cardiac disease. 

Of the 30 limbs treated conservatively in patients who did not 
die within forty-eight hours, the attempt to eradicate putrefaction 

Compound Fractures 

No. 

43 

Name and Age 

William S., 18. 

Date of Admission 
and Discharge ; with 

Result 
Injury 

Ad.,.Tan. 20, 1872. Compound depressed fracture of the right 
Dis., May 30, „ temporal bone. Patient quite sensible on 
liesutt, cured. i admission. 

RESULT OF A C C I D E N T (continued). 

was successful in 22 instances, and none of these required further 
measures; all healed. But in 8, or 26-6 per cent,, the attempt was un-
successful; of these 1 died, in 2 secondary amputation was necessary, 
one of which patients also died of an independent disease, while in' 
some of the remainder the further progress of the case was unsatis-
factory This is a striking fact, as showing the difference in results 
between cases treated aseptically and those treated with antiseptics 
These figures do not, however, rightly represent the present prob-
abilities of rendering compound fractures aseptic, for the majority of 
the failures occurred early in the treatment, while of late the greater 
number of attempts have been successful. Thus from the end of 
1871 till the end of 1875, 18 cases were treated, and of these 6 or 
33-3 per cent., failed. On the contrary, from the end of 1875'till 
1880, 12 cases were treated, only 2 of which, or 16-6 per cent 
faded. The chief improvement which has led to this greater success 

l » no doubt the method of washing out the wound thoroughly by 
means of a catheter attached to a syr inge-a method introduced 
since 1875. The chance of success depends, however, almost entirely 
on the. nature of the wound and the amount of dirt in it If it be 
complicated and dirty the result is doubtful; otherwise success is 

I almost certain. 

of the. Skull (accidental). 

Treatment 

Clots removed, and the wound syringed 
outintb 1-20 carbolic lotion. Gauze 
uressiug applied. 

Remarks 

Ihe wound remained aseptic, but in a few hours 
. patient became restless and complained of 

pain in his head. He soon became unconscious 
Irephin.ng was therefore performed on January 
31, the depressed bone elevated and some frag-
ments of the internal tabic removed. Patient 
recovered consciousness after the operation, and 
progressed rapidly towards recovery, the blood-
clot lying exposed in the wound. At one part 
at the time of the operation, the bone was felt 
bare for some distance, but none separated, and 
it was all completely covered on February 22 
Ihe wound had completely healed on May 2. 
vy îen the panent was discharged, the pulsa-
tions of the brain could be seen to raise the 
cicatrix. (See T. Chart X X V I . ) 



No. Name and Age 
Date of Admission 

and Discharge; with 
Result 

44 George S., 18 . Ad., Feb. 12. 1872. 
Dis., Feb., 18, ., 
Result, in process of 

cure. 
45 J. McC. (adult) Ad., March 4, 1872. 

Dis., May 2, „ 
Result, cured. 

•16 J. McK., 7 . . Ad., June 14, 1872. 
Dis., J uly 22, „ 
Result, in process of 

cure. 

47 William L., 32 Ad., Nov. 15, 1872. 
Died, Nov. 17, „ 
The cause of death 

was injury to the 
brain substance. 

48 Andrew P., 7 . Ad., Sept. 15. 1876. 
Dis., Oct. 8, „ 
Result, cured 

49 G. W. E., 12 . Ad., April 2, 1878. 
Dis., April 15, ., 
Result, cured. 

50 George IL, 36 . Ad., Mnv 14, 1878. 
Died, May 15, „ 
The cause of death 

wasfracturcof the 
skull, &c. 

51 David McC., 30 Ad.. Oct. 3. 1880. 
Dis., Oct. 18, „ 
Residt, cured. 

52 A. C., 15 . . . Ad., Jan. 22, 1880. 
Dis., Feb. 9, „ 
Result, in process of 

cure. 

53 Thomas G., 32. Ad., April 0, 1880. 
Dis., April 20, „ 
Result, cured. 

I . — C O M P O U N D FRACTURES, THE 

Injury 

Compound fracture of the os frontis. X< 
depression. 

The handle of a windlass struck patient on 
the forehead, causing a depressed compound 
comminuted fracture of the os frontis. 
Fracture of nasal bones. The patient was 
conscious when admitted. 

Depressed compound fracture of temporal 
bono. 

Patient fell from a height of 20 feet, sustain-
ing a compound fracture of the skull. 
Patient insensible, pupils dilated, surface 
cold, had several convulsive fits before 
admission. 

Compound fracture of temporal and frontal 
bones. Bleeding from the ear and nose. 
Run over by the wheel of a cab, head 
markedly flattened. 

An iron gate fell on his head detaching 
nearly half the scalp, which was hanging 
down. Bone fissured. 

Patient fell 10 feet, striking his bead and 
causing an extensive compound commi-
nuted fracture of the skull. Patient insen-
sible, but muttering and restless. 

Struck on the head by a bottle, causing two 
incised wounds and fissure of the skull. 
Patient drowsy, but sensible. 

Fell on his head from a height of 35 feet. 
Large scalp wound, fracture of parietal 
bone, and other injuries, no depression-
Patient quite insensible when admitteu 
into hospital. 

Fell 68 feet, and struck his forehead, receiv-
ing a compound fissure of the frontal boni. 
Patient sensible ; other bruises present. 

> m 

RESULT OP A C C I D E N T (continued). 

Treatment 

Wound injected with 1-20 carbolic lotion, 
and for the most part stitched. 

Wound injected with 1-20 carbolic lotion, 
depressed bone elevated, and portions 
of loose bone and of the internal table 
removed. 

Wound injected with 1-20 carbolic lotion, 
and left i[uite open. 

Comminuted portions removed, and de-
pressed bone elevated. Wound 
washed out with 1-20 carbolic lotion. 

Wounds injected with 1-20 carbolic lo-
tion. Ears stuffed with gauze. 

I Wound thoroughly washed out with 1 -20 
carbolic lotion, catgut drain and numer-
ous horsehair stitches. 

• 

I A portion of loose bone was removed, and 
the wound was syringed out and left 
open. 

I I T , P i # o f t h e o u t e r table were 
S fon the. wound w»shed I f t w i t h 1-20 Carbolic lotion. 

A . S n ° f b 0 n e w a s l o o s e - a n d was re-
«i«, 1-20 

washed out will, 1-20 carbolic 

Remarks 

Aseptic course. No suppuration, the wound heal-
ing by first intention and organisation of blood 
clot. 

Aseptic course. The wound had quite healed on 
March 16. As there was slight redness and 
pain at one part of the scar, it was opened up 
on March 27, and one or two minims of pus 
escaped. This had soundly healed bv April 19. 
Ihere was an elevation of temperature on 
March <, apparently due to derangement of the 
bowels, as it subsided at once on administering 
a laxative. (See T. Chart X X V I I . ) 

This case followed an aseptic course till July 12 
when, probably owing to the restlessness of 
the patient and consequent displacement of the 
dressings, the wound was found to have be-
come putrid. By this time, however, the 
deeper parts had closed. When discharged 
there was still a small suppurating wound, and 
a portion of the os frontis could be felt to be 
bare. 

Absolute insensibility, with occasional convulsive 
attacks, continued till his death, about 36 hours 
after the injury. 

A septic course, except that an abscess formed on 
the side of the head behind the eve. Every-
thing had healed, and was apparently sound 
when the patient was discharged. 

Aseptic course. The wound healed entirely bv 
first intention, except at one point where a 
little piece of horsehair drain was employed. 
On April 12, there were just three tiny points 

(Sei?r!chfrtxxvni.)dressing was"appIied-
Th.3 patient never recovered consciousness, and 

died about 27 hours after the accident. The 
skull was found to be very extensively frac-
tured and hemorrhage had occurred in various 
places but no lesion of the brain was found. 

As ptic course. On October 13 two additional 
IJ i^t ts b o u e were removed. (See T. Chart aaIA.) 

Aseptic course. The wound had almost healed 
when the patient was discharged, to be treated 
as an out-patient. (See T. Chart X X X . ) 

Aseptic course. The wound had quite healed 
when the patient was discharged. 

I I 
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There were thus 11 cases of compound fracture of the skull with 
two deaths, both due to the nature of the injury, and both occurring 
within forty-eight hours. In all the 9 cases which survived putre-
faction was avoided, and the result was good. 

The whole result of Mr. Lister's hospital practice in regard to 
compound fractures produced accidentally since 1871 is therefore as 
follows :—52 cases of compound fracture of the skull and long bones 
(53 fractures) were treated with 10 deaths. 

Leaving out of consideration here all the cases which died within 
forty-eight hours, we have 44 cases (45 fractures) with 2 deaths, 
1 from diphtheria and 1 from bronchitis and cardiac disease. 

Or, taking the facts in another way, and, as is generally done, 
leaving out cases requiring primary amputation, we have 42 
cases (43 fractures) treated conservatively with 6 deaths; and 
omitting also cases which died within 48 hours, and which 
have no bearing on the point at issue, we have 38 cases of 
compound fracture of the skull and long bones (39 fractures) with 
2 deaths, 1 of these deaths being certainly independent of the wound. 

In 31, or 81-5 per cent., of these cases the attempt to eradicate the 
causes of putrefaction was successful, and all of these cases re-
covered, i.e., 31 compound fractures of the skull and of the long 
bones were treated aseptically without a death and, in the case of 
the limbs, without necessity for further operation. 

I now propose to consider the compound fractures made by the 

I I . COMPOUND FRACTURES 

Compound Fractures of 

No. Name and Age 
Date of Admission, 
Operation and Dis-

charge ; with Result 
Injury 

54 James M., 13 . Ad., Jan. 22, 1873. 
Date of discharge 

not given. 
Result, cured. 

Anchylosed knee-joint. Knee bent at right 
angles. 

55 Alexander W., 
37 . . ». . 

Op., June 18,1873. 
Result, healed. 

Ununited fracture of the femur-joint above 
the knee-joint. 

56 Frances G., 54 . See No. 6, p. 426. 
Result, healed. 

Ununited fracture of the neck of the femur. 

surgeon, and I would remark that Mr. Lister's osteotomies were in 
no sense of the word subcutaneous. They were real compound 
fractures ; the wound in the bone communicated freely with the 
esternal world and a drainage-tube in most cases kept up this 
communication after the operation. In some instances the bone was 
simply chiselled partly through and then broken ; in others, portions 
of the bone were removed. I have not included in this list exci-
sions of joints for disease, partly for the reasons stated on p. 380, and 
also because in almost all the cases of diseased joints, sinuses are 
present before the patients come into hospital, and therefore the cases 
cannot as a rule be treated aseptically : 1 or 2 cases where a 
joint was anchylosed, and where a wedge-shaped piece of bone was 
removed, in other words where a compound fracture was produced on 
a healthy bone, are included. 

From these cases the element of shock is excluded, and there-
fore we ought to have results comparable to the 38 cases of compound 
fracture with 2 deaths ; and if these deaths were really independent 
of the wound, we ought here to have no deaths at all. Here also 
the certainty as to the ultimate result ought to be greater and the 
character of the results better ; for here we have merely to exclude 
the causes of fermentation, whereas in the other cases we had to 
destroy those which had entered. In other respects they are 
comparable injuries, and, therefore, at the end I shall sum up all the 
compound fractures together, whether they have been made by the 
surgeon or have occurred accidentally. 

MADE BY THE SURGEON. 

the Femur (Surgeon). 

Treatment Remarks 

A wedge-shaped piece of bone was re-
moved, and the leg was brought 
straight. Incision made over the seat 
ot fracture. 

Ends of bones refreshed by gouge and 
hammer. Wound left open. ' 

Operated on. 

Typical aseptic course. On February 2 all the 
stitches were removed, and every thing was 
healed, except where the drainage-tube was. 
All soundly healed on February 11. 

Aseptic course. Completely healed during 
August. The temperature was taken once 
daily, and was only once up to 100°. Ho 
union. Sec Nos. 57 and 58. 

Aseptic course. (See T. Chart IV.) 



I I . C O M P O U N D FRACTURE 

No. 

58 

Name aud Age 

59 

(¡0 

61 

62 

63 

64 

Alexander W., 
38 . . . . 

Alexander W., 
38 . . . . 

Thomas D., 37 . 

R i c h a r d K . , 1 2 . 

Peter M., 30 

C. W. Y., 9 

Thomas D., 38. 

Mary McD., 16. 

Date of Operation 
and Discharge ; 

with Result 

Op., March 6, 1874. 
Result, healed. 

Op., July 17, 1874. 
Dii., Sept. 21, „ 
Result, cured. 

Op., July 23, 1875. 
/lis., Nov. 23, „ 
Result, healed. 

Op., Oct, 4, 1875. 
Dis., Dec. 14, „ 
Result, cured. 

Op., Feb. 19, 1876. 
Dis., July 27, „ 
Result, cured. 

Op., March 14,1876. 
Dis., Oct. 14, 
In process of cure. 

Op., July 19, 1876. 
Dis., Sept. 20, 1877. 
In process of eure. 

Op., July 15, 1876. 
Dis., Feb. 7. 1877. 
Result, cured. 

Injury 

See No. 55. Fracture still ununited. 

See No. 57. Fragments still uuunited. 

Ununited fracture of femur about its middle 
of eleven months' standing. Various me-
thods of treatment tried. 

Aggravated knock-knee on one side. 

Ununited fracture of the femur about ten 
inches below the great trochanter. Of ten 
months standing. 

Badly united fracture of the left femur just 
below the trochanters. Fracture occurred 
eighteen months previously. If inch short-
ening. 

See No. 59. Fracture still ununited. 

Double knock-knee. Patient could hardly 1 

walk. The deformity commenced two 
years previously, after a fever. 

JUDE BY THE S U R G E O N (continued). 

Treatment 

Similar operation to the former . F r a g -
ments drilled in t w o places aud iron 
pegs driven in. T w o w o u n d s made . 
Drainage-tube inserted. 

A similar operation w a s aga in per formed, 
and the leg was put up in plaster o f 
Paris at once. ( I n t e r m e d i a t e amputa-
tion). 

Ends of bone gouged , 
inserted. 

Drainage-tubes 

An incision was made above the con-
dyles of the femur down to the bone. 
Periosteum detached, and a wedge-
shaped piece of the femur removed. 
Drainage-tubes inserted. 

Incision on outer side of thigh. Ends of 
bone removed. Bones drilled and tied 
together with silver wire. 

Incision on the outer side of the thigh 
over the seat of fracture; bone divided; 
limb brought straight. Ends of bone 
refreshed and tied together with silver 

Ends of bones refreshed and tied together 
with silver wire. 

A wedge-shaped piece of bone was taken 
Mt of each femur on the same day. 

smed 6 ° ' } D r a i n a S e - t u b e s w-

Remarks 

The pegs became loose and were removed on Man-h 
16. The wound on the inner side healed April 
29, and the other soon afterwards. Limb kept 
in plaster till June 8, and put up again till 
July 16, but still no union. The temperature 
was once up to 100° (100-1), on the morning 
after the operation. 

Putrefaction occurred here probably during the 
application of the plaster. As the temperature 
was going up, Mr. Lister thought it best to 
amputate. This was done on July 22, and 
the wound followed a typical aseptic course, 
healing entirely by first intention except where 
the drainage-tube was. 

Aseptic course. The blood-clot became organised 
as usual, and the gaping wound had completely 
cicatrised on September 12, without any pus-
formation. Union had not occurred when the 
patient left hospital, wearing an immovable 
apparatus. (See T. Chart X X X I . ) See No. 63. 

Typical aseptic course. No suppuration. Wound 
completely healed on November 14. Highest 
temperature was 99-6°. When seen some 
weeks after his discharge the femur was quite 
firm and the limb straight. 

Aseptic course. Put up in plastex* of Paris in I 
April. Apparatus taken down on July 5. 
Bones united. Wire removed. (Sec T. Chart 
X X X I I . ) V 

A good deal of constitutional disturbance followed 
the operation; the wound suppurated and ab-
scesses formed. When the patient was dis-
charged a small sinus remained unhealed. The 
femur was quite firm and the leg straight, and 
only i in. shorter than the other. One or two 
small pieces of bone came away. Ultimately 
healed. 

Aseptic course. Patient was kept in hospital 
having various immovable apparatuses applied 
at intervals, but when discharged there was 
still a little mobility. The silver wire was left 
in, and the fragments ultimately united without 
further operation. (Sec T. Chart X X X I I I . ) 

Aseptic course. The right leg had completely 
healed at the end of August, and the left almost. 
Both limbs w ere put up in plaster of Paris on 
August 30. This was taken down on November 
30, when both bones were found to be united 
(See T. Chart X X X I V . ) 



No. 

65 

Name and Age 

Adam S., 6 . 

John T.. 11 

67 Emma P., 9 . 

George E., 12 . 

69 

70 

71 

72 

Thomas E., 35 . 

Jane D., 50 . . 

Beatrice J., 14 . 

Frank J., 7 . 

Date of Operation 
and Discharge ; 

with liesult 

Op., Aug. 1, 1876. 
Dis., Dec. 4, ,, 
Result, cured. 

Op., June 29, 1877. 
Dis. during autumn. 
Result, cu red. 

Op., Nov. 20, 1877. 
Dis., July 27, 1878. 
Result, cured. 

Op., Jan. 29, 1879. 
Dis., Dec. 14, „ 
Result, healed. 

Op., March 19, 1879 
Dis. May 15, „ 
Result, cured. 

Op., April 9, 1879. 
Dis., June 30, ,, 
Result, healed. 

Op., Mav 16, 1879. 
Dis., July 8, „ 
Result, cured. 

Op. May 21, 1879. 
Dis., J uly 8, „ 
Result, cured. 

Injury 

Aggravated knock-knee on one side. 

Both knee-joints anchylosed at an acute 
angle—the result of previous disease. 

Left knee-joint anchylosed nearly at a right 
angle. 

Ununited fracture of the neck of the femur 
of six weeks' standing (extracapsular). 

Double genu valgum. 

Ununited fracture of the femur. 

Genu valgum on the right side. 

Genu valgum on both sides. 

Treatment 

Similar operation to No. 64. Drainage-
tube inserted. 

Left leg operated on. Only so much 
hone removed as was necessary to ob-
tain a straight position of the limb. 

Portions of the end of the femur were re-
moved. and the leg was got straight 
alter division of the hamstring ten-
dous. Horsehair drain. 

A long incision was made on the outer 
sine of the thigh over the great tro-
chanter. The fragments refreshed and 
two drainage-tubes inserted. Long 

MfcEm's operation on both thighs at 
ferted ° t l m e - D , ' a i n a S e t u b e s 

«rted d a y - drainage-tubes in-

Remarks 

Aseptic course. Wounds quite superficial and 
almost healed on September 1. The femur was 
quite firm on September 4, but there was still 
slight divergence outwards. This was due to 

the holidays6 a d ' ' u s t i " s t h e s P I i n t s during 

Aseptic course. The greater part of the wound 
healed by first intention, but two sinuses were 
still unhealed in the beginning of September 
when Mr. Lister left Edinburgh. I hear that 
the patient left the hospital soon afterwards, 
with the wounds quite healed and able to move 
ins knee very slightly (a movable knee-joint 
was aimed at in the first instance). 

Aseptic course. Wound healing bv first intention 
except where the drain was. The drain was 
removed on January 12. A small abscess 
formed on the outer side of the knee, and was 
opened on February 5. A minute sinus remained 
here for a long time, the wound being soundly 
healed and the bones firm. It healed a few 
home Patient was sent to a convalescent 

There was considerable constitutional disturbance 
alter the operation, and the temperature at 
times was as high as 101-6°. A little suppura-
tion occurred from the wound, but the greater 
part healed by first intention. A little bit of 
loose dead bone (apparently a chip from the 
operation) was removed on November 11, and 
then the sinus at once closed. Union did not 
occur. From the high temperature and the 
suppuration it is probable that some ferment 
had got in, but the discharge was not examined 
v v ^ , l i e v e r h a d a n -v sn , c11- ( S e e T. Chart 
AAAV.) 

Aseptic course. Both wounds had healed at the 
end of April. Union was then complete, 
ratient began to walk on Mav 5. ("Sep T 
Chart X X X V I . ) " ^ ' 

Aseptic course. No suppuration. Wound healed 
about May 15. Patient was discharged wearing 
an apparatus, but union did not occur. 

Aseptic course. Healed about June 5. Splints 
removed and bones united on June 28. Began 
to walk on June 29. (See T. Chart XXXVII . ) 

Aseptic course. Both wounds had healed by 
June 10. Union perfect on June 30. Joint« 
freely movable. (See T. Chart X X X V I I I . ) 



No. 

73 

74 

Name and Age 

Lydia W., 9 

Ethel S., 5 

John M., 15 . 

Henry D., 17 . 

Date of Operation 
and Discharge ; 

•with Result 

Op., July 9, 1879. 
Vis., Aug. 19, „ 
Result, cured. 

Op., Oct. 15, 1879. 
I)is., Dec. 14, „ 
Result, cured. 

Op., Oct. 22, 1880. 
Bis , Jan. 3, 1881. 
Result, cured. 

Op., Nov. 5, 1880. 
Bis., Jan. 7, 1881. 
Result, cured. 

Injury 

Genu valgum on right side. See also No. a7. 

Double genu valgum. 

Genu valgum on the right side. 

Bony anchylosis of knee-joint of eight years' 
standing; leg at right angles to the thigh. 

We have thus 23 cases in which compound fractures of the femur 
have been made by the surgeon (27 compound fractures). In all 
but 3 cases there was a typical aseptic course, i.e., the patient ate as 
well and was as well in every respect as if he had not been operated on, 
while there was no suppuration from the deeper parts of the wound, 

77 John C., 44 . 

John C.,45 . 

79 John C., 45 . 

80 

81 

Eliza L., 23. 

Eliza L., 24. 

Op., Aug. 28, 1872. 
Result, healed. 

Op., July 30, 1873. 
Result, healed. 

Op., Jan. 15, 1874. 
Bis., Sept. 3, „ 
Result, cured. 

Op., June 6, 1874. 
Bis., Aug. 13, „ 
Result, cured. 

Op., March 17,1875. 
Exact date of dis-

charge cannot be 
ascertained. 

Result, cured. 

Compound Fractures 

Ununited fracture of both bones of the leg. 

Former case (No. 77). Still ununited. 

Former case (Nos. 77 and 78). Tibia still 
ununited. 

Badly united Pott's fracture. Leg much 
everted. 

Patient (No. 80) had used her foot too freely, 
and there was some ret urn of the deform"'. 

MADE BY T H E S U R O E O N (continued). 

Jlm-Ewen's operation, 
inserted. 

Drainage-tube 

JlacEwen's operation on both sides. 
Drainage-tubes inserted. 

iiseEwen's operation on the right side. 

Wedge-shaped piece of bone removed. 
Ilorse-hair drain. 

Remarks 

Aseptic course. No date of healing. Allowed to 
get up f»r the first time on August 12. Union 
then perfect and wound healed. 

No local disturbance, but the temperature rose a 
10 ° all°\Uyo' be ir|g «we as high as 
i<) 1 . I he child, however, was quite well. On 
•¡November 6 one wound was healed and the 
other nearly so Both legs seemed to be firm 
at that time. (See T. Chart XXXIX. ) 

Aseptic course. Wound superficial on November 
10, and boracic dressing applied. Patient got 
up on December 4. (See T. Chart XL. ) 

Aseptic course On December 9 all healed except 
two spots where the drain was. Patient got up 
on January 2. Seen last on March 20, when lie 
could walk well without any support. Bones 
quite firm. (See T. Chart XLI. ) 

and as a rule none at all from the superficial part. In one case 
were putrefaction occurred, secondary amputation was performed as 
being the safest treatment and also the best when the difficulty in 
jetting union and the shortening of the limb were taken into 
account. 

''I the Leg (Surgeon). 

Ends of the bones refreshed and brought 
into good position. Wound left open. 

SMar operation. Iron pegs were 
teen into the tibia. 1 h 

Radivi,, ,ob]). p o o t b r o u 

s;i inip u n d i c f t°p e u - D«P«y 
Siiuilar treatment. 

Aseptic course. On November 5 the limb was 
put up m plaster of Paris. This was reapplied 
sevcra times till July, 1873, but union did not 
take place. See No. 78. 

Aseptic course _ On September 5 the wound was 

but the tibia did not. See No. 79. 

Aseptic course. On March 12 union was found 
to have occurred, and the pegs were removed. 
Ihe rest of the wound had healed. The patient 
was, however, kept in hospital for some time. 

Aseptic course. Wound had healed and the 
bones were apparently firm when the patient 
was discharged. 

Aseptic course. Kept longer in an apparatus, 
un tins occasion the cure was permanent. (See 
1. Chart XLII.) | 



I I . C O M P O U N D FRACTURES 

No. Name and Age 
Date of Operation 
and Discharge; 

with Result 
Injury 

82 Martha C., 28 . Op., Aug. 18, 1875. 
Dis., Oct. 2, 1875. 
Result, healed. 

Congenital deformity of right foot. Inver-
sion of foot, the inner surface of which 
formed an angle of 140° with the axis of 
the leg. 

83 William M., 36 Op., Dec. 21, 1875. 
Dis., March 2, 1876. 
Result, cured. 

Badly united fracture of the leg with dis-
placement of the. foot backwards. Of 
fourteen months' standing. 

84 Martha C., 28 . Op., Feb. 27, 1876. 
Result, cured. 

See case No. 82. 

85 FinlayMcD.,29. Op., Jan. 16, 1877. 
Dis., June 9, „ 
Result, cured. 

Badly united fracture of both bones of the 
leg, just below the tuberosity of the tibia. 
Leg bent inwards. 

86 Alexander A.,23 Op., July 19, 1877. 
Dis., Oct. 13, „ 
Result, cured. 

Ununited fracture of both bones of the log a: 
the j unction of the middle and lower thirds. 
Cf fourteen weeks' standing. 

87 Lydia W., 9 . Op., Julv 9, 1879. 
Dis., Aug. 19, „ 
Result, cured. 

Rickety deformity of one leg. See also Xo. 
73. 

88 Henry B., 32 . Op., Dec. 12, 1879. 
Dis., March 31,1880. 
Result, cured. 

Badly united Pott's fracture. Foot muck 
everted. 

89 Frederick A., 26 Op., Nov. 6, 1879. 
Dis., Dec. 16, 1879. 
Result, cured. 

Patient was admitted a fortnight previously 
with simple fracture of both bones of W 
leg. A fragment of the tibia project 
under the skin, causing great pain ana 
threatening to protrude. 

90 Joseph B., 2. . Op., June 18, 1880. 
Dis., July 15, 1880. 
Result, cured. 

Rickety deformity of both legs. 

HADE BY T H E S U R G E O N (continued). 

Treatment 

Fibula cut through and a wedge-shaped 
portion of bone removed from the tibia. 
Extensor tendons divided. Bones tied 
together by silver wire. Foot brought 
into straight position. 

Tibia and fibula divided by lateral inci-
sions. Foot brought straight. Du-
puytren and horseshoe splints. 

Ends of fragments refreshed. Similar 
after-treatment to that formerly 

Remarks 

fibula cut across. Wedge-shaped piece 
ofboue removed from the tibia. A 
portion of the fibula cut away. Le<* 
straightened, and wounds left open. 

incisions over each bone, and the frag-
ments refreshed. Iron pegs driven 
into the fragments of the tibia. 

Incisions over the bones which were then 
Cut across. Drainage-tubes inserted 
Ao stitches. 

An incision was made over the site of the 
toner fracture, and the fibula divided 

•quely. hoot inverted by means of 
leys Drainage-tubes inserted. 

Dupuytren's splint. 

" ¡ S ? CUt d0 .wn o n a n d removed the 

Aseptw course. Wounds superficial on September 
1«. W hen seen in February, 1876, the bono 
wasstin ununited. See No. 84. (See T. Chart 

Aseptic course Bones firmly united and only a 
little speck to heal on February 1. 

Assptic course. On this occasion union took 
P ace but the dates of union and dischaTge are 
not given in the note books. h 

Aseptic course. Tibial wound found healed on 
March 1, and the fibular on March 3. Haste" 
S « on March 10, and the bone 
M*v 1 w, J 1 w a s reapplied till 
May 1, when it was finally left off the bones 
berng^ quite firm and strong. (See i t Chart 

Aseptic course. The temperature rose on one 
occasion as high as 9 9 I r 0 I l p e S removed 

S e ? P ' o f O , L T V T i * heal' d a few dly 
l e quite0uni?ed?ber 4 ^ b o n — e found l o 

Aseptic course Date of healing not given p , 

w ' r V 0 g e l u p f o r t h c ^ time on 
i S L U m ° n t h e " P e r f e C t a n d " l e rounds 

Aseptic course. Wound quite superficial and 
boracic dressing applied o^ Janua^ l e S p S 
i r T f

P a t

'
C m a I l o w e d t 0

 « « >'P o n l'ib-

r , wtf-' i h e , ' e W a s a l i t t l e Pointing of the 
'l Chart<XLV?)OVCrCOme eksti<; 

Aseptic course. On November 17 the wound was 
quite superficral, and boraeic dressing was a ? 

' Ike wound was healed and the bonis 
firm when the patient left the hospital. 

lE£n ; , ii?n , t h e J i l l i a fibula, 
® '1'vided. Wounds left open. 
Both legs operated on. 1 

Asaptic course. No date of healing. Wounds 
quite healed and the bones firm when E 

w a s discharged. (See T. Chart X L VI/) 



No. 
• 
Name and Age 

Date of Operation 
and Discharge; 

with Result 
Injury 

91 Jessie C., 2JS . Op., Oct. 29, 1880. 
Dis., Dec. 20, „ 
Result, cured. 

Bad rickety deformity of both le^s. 

Fifteen patients with compound fracture of the leg were treated 
without a death; and in these cases there were 31 separate compound 

Compound Fractures of 

92 

93 

94 

Henry F., IG 

William A., 71 

Elizabeth II., 22 

Op.. Feb. 4, 1875. 
His., March 2, „ 
Result, cured. 

Op., June 1, 1877. 
Dis., Aug. 6, „ 
Result, cured. 

Op., Feb. 12, 1879. 
IHs., April 12, „ 
In process of cure 

Simple fracture of the clavicle; a fragment 
projecting under the skin, causing great 
pain and interfering with the adjustment 
of the fracture. 

Unreduced dislocation of the acromial end of 
the clavicle. Of ten weeks' standing. 
Patient cannot use the arm well. 

Cervical rib pressing forward the brachial 
plexus and causing great pain. Patient 
very hysterical. 

There were 3 compound fractures of the clavicle without any bad 

95 Alexanders., 50 

90 

97 

James McB., 48 

John B., 14'. 

Op, Feb. 9, 1872. 
Dis., Sept.-5, „ 
In process of cure. 

Op., Feb. 12, 1872. 
Dis., Oct. 10, „ 
Result, cured. 

Op., Dec. 6, 1872. 
Dis., Feb. 11, 1873. 
Result, cured. 

Compound Fractures of 
Ununited fracture of the humerus of tivn 

years' standing. Various methods of treat-
ment had been previously- adopted. 

Ununited fracture of the humerus at the 
junction of the upper and middle thirds. 
Of six months' standing. 

Fracture of lower end of humerus with dislo- J 
cation. Of five months' standing. 

Treatment 

Both hones in both legs divided, and 
wedge-shaped portions removed from 
the tibia. On the right side the bones 
»ere divided in two places. 

Remarks 

Aseptic course Wounds superficial and spray 
stopped 0 „ November 6. Exact date of healing 
not given ; it was apparently about the end of 
November. Sphnts removed and the patient 

c S x L v n ? on December T-

fractures made. In no instance did any local or constitutional 
disturbance follow the operation. 

the Clavicle (Surgeon). 
Mr. Lister cut down and removed this 
loose portion, thus converting the case 
into one of com pound fracture. Drain-
age-tube inserted. 

Articular surfaces removed and the ends 
of the bone tied together with silver 
wire. Wound left open. 

.Mr. Lister cut down and divided the 
clavicle. Drawing aside vessels, &c., 
he removed the rib, which was a t tached 
totbe sixth cervical vertebra, and arti-
culated with the first and second ribs 
in front. Clavicle tied with silver wire ' 
Drainage-tubes inserted. ' I 

symptom. 

!k Humerus (Surgeon). 
Ends of fragments sawn off. bones tied 

together by silver wire. Wound left 
open. 

MOS of fragments refreshed and tied 
together with silver wire. Drainage-
wte inserted. b 

Aseptic course. The wound had healed and the 
bone firmly united on March 6. 

Aseptic course Wire removed on July 15 
Healed on July 24. Union was perfect and the 
movements were greatly improved when ti e 
patient left hospital. (See T. Chart XLVIII.) 

Aseptic course. Wound healed by first inten-
tion, except where the drainage-tube WM 
Wound quite healed on March 12. The davioTe 
did not. unite firmly till September. Wlrlre 
moved during November. (SeeT. Chart XLIX.) 

Aseptic course. Wire removed during March and 
the wound quite healed on April 4. The bone 
was a most, but not absolutely, firm, and thf 
ratlis ^ d'SCharged WearinS * «¡'¡cato ¿pa-

Aseptic course The greater part of the wound 
healed typ.ca ly, but a sinus remained aro nd 
the wire leading down to bare bone. On June 
3, osseous union was complete. Wire removed 
on August 23 When discharged there was 
still a sinus leading down to bare bone. 

No constitutional disturbance. A small abscess 
formed on the outer part of the limb, and was 
opened on December 20. It had healed on 
January 20. The operation wound had en-
tirely healed on January 6, except a minute 
superficial crack with the healing of which the 
movement of the arm seemed for some time to 
interfere. I he movement was good when ni-
tient was discharged. 1 



I I . COMPOUND FRACTURES 

No. Name and Age 
Dftte of Operation 

and Discharge; 
with Result 

Injury 

98 Peter B., 11. O/i.. Dec. 2, 1872. 
Din., Feb. 11, 1873. 
Result cured. 

Similar injury to that in No. 97. 

99 Donald McL. 45. On., Nov. 14. 1874. 
Bis., Feb. 28, 1875. 
Result, cured. 

Ununited fracture of humerus a little above 
its middle. Of fifteen months' standing. 

100 James J., 24 Op., Dec. 15, 1875. 
Vis., June 8. 1876. 
In process of cure. 

Fracture of lower end of humerus, with 
inability to use the arm. Done six weeks 
previously. 

101 John N., 15. . Op., Nov. 27, 1875. 
Vis., Jan. 31, 1876. 
Result, cured. 

Badly united fracture of the humerus, about 
ics'middle, the arm being bent inwards. 

102 Jessie S., 14 Op., Aug. 21, 1875. 
Date of discharge is 

not given. 
Result, cured. 

Osseous anchylosis of the elbow-joint in the 
straight position, the result of old frac-
ture. 

103 Edward W., 12 Op., Jan. 15, 1879. 
In process of cure. 

Badly united fracture of humerus. See 
Operations on Joints, No. 18, p.'432. 

Thus we have 9 compound fractures of the humerus without 
Compound Fractures of 

104 John Mcl. 34 . Result, cured. Ununited fracture of olecranon. See Opera-
tions on Joints, No. 3, p. 426. 

105 Thomas W., 14. Op., May 3, 1873. 
Vis., Nov. 20, „ 
Result, cured. , 

Ununited fracture of radius. See Xo. 38, p. 
476. 

106 
/ 

Alexander—,26 Op., Nov. 10, 1875. 
Result, cured. 

Dislocation of the head of the radius back-
war.Is. See Operations on Joints, -No. 1«. 
p. 428. 

107 J. McJ., 30 . . Op., Jan. 15, 1876. 
Vis., April 13, „ 
Result, cured. 

Ununited fracture of the radius : of sixteen 
months' standing. Had been previouŝ  
operated on by another surgeon. 1 lie mo> 
of the bones were not in contact 

108 James S., 53 Op.. Jan. 26, 1877. 
Vis., June 19, „ 
Result, cured. 

1 

• 

Ununited fracture of the radius: of twenty-
two weeks' standing. 

1 • '41 

MADE BY T H E S U R G E O N (continued). 

Treatment 

Kxfi ion of elbow-joint by a longitudinal 
incision. 

Ends of fragments refreshed and tied to-
gether with silver wire. Wound left 
open. 

Excision of elbow-joint by longitudinal 
incisiou. 

Hone divided by hammer and chisel and 
brought into proper position. Drain-
age-tube inserted and plaster of Paris 
applied at once. 

Remarks 

FxcVioi. of elbow by Il-ir 

Aseptic course except that the drainage was 
not good for the first day or two. The wound 
Had completely healed on January 27. Move-
ments good wiien discharged. 

Aseptic course. Wound quite healed on Decem-
TL' Was C0,"Plete and wire removed on 1'ebruary 27. 

The wound went on well till the Christmas holi-
fc^'T' |HUrCliClL After thatan abscess 
formed .,. the upper arm. In March only two 
sinuses remained to heal. It is not stated 
whether these had completely healed when pa-
tient was discharged. Movements fair. 

Aseptic course. The wound hadcompletely healed 
on January ti The bones were iirui when 
patient was discharged. 

Aseptic course. The incisions were quite 

¡S^t^seycr 25- :s2ood. 

Aseptic course. 

any bud results. 

the Fornir tu ( Sur<j eon ). 

A piece of bone was cut out of the ulna 
fcdtow the ends of the radius to come 
^contact The ends of the radius 
^ w f C # ' ' tied to-S«her by silver wire. Left open. i 

The eiiii! f ' " ! 11 P u r t i 0 " «moved. 
' K, S ,th0 r i l d i l l s refreshed. 

,nte s tied together with silver 
Mre- Hounds left open. 

A piece cut 
wi l ier K M . • r;|gnicnts tied to-
open silver wire. Wounds left 

Aseptic course. 
i 

Asei.tic course Plaster of Paris applied on July 
28, When both wounds were healed. Removed 
on November 17, w hen union was comp I,e 
YV Ires also removed on t hat day. Seen again 
t March, 18/4, when the arm was strong 

and in every way perfectly useful. 

Aseptic course. 

Aseptic course. The wounds had healed and 
charged'18 C ° ' " P w h e u t h e l ) a t i e , l f c was dis-

Aseptic course. Both wounds had healed in six 
weeks without any pus forma.ion whatever, 
i last er or Pans was applied on March 3 
Apparatus removed on June 2. when union wns 

T "chart'l I*)*"® r e m o v e d 011 t l l a t daJ'- (See 
K K 



No. Name and Age 
Date of Operation 
and Discharge; 

with Result 
Injury 

109 William B., 45 Op., March 20, 1879. 
Result, cured. 

Ununited fracture of the olecranon. See 
Operations on Joints, No. 17, p. 432. 

110 John H.28 . . Op., Jan. 14, 1881. 
J) is., March 5, „ 
Result, cured. 

Ununited fracture of both bones of the fore-
arm, the result of a machine accident 
eleven months' previously. 

In all there were 7 cases of compound fracture of the fore-arm witli-

Compound Fracture of 

111 Maggie C-, 17 Op., April 1, 1875. 
Dig., May 12, „ 
Result, improved. 
One case of com-

pound fracture of 
the lower jaw, 
which did well. 

Anchylosis of one side of the jaw. Jaw, 
firmly closed. The result of old necrosis. 

Following the example of most writers who discuss the 
results of compound fracture, I shall now leave out of consider-
ation the cases in which primary amputation was performed, 
and also those which died within forty-eight hours. The 
following result will then be obtained. Since the end of 
1871 up to the present time Mr. Lister has had under his care 
95 1 patients affected with compound fractures; of these 95 
patients only 2 died. (The number is apparently 97, but 2 
patients are each counted twice.) I may tabulate the result 
as follows: 

Treatment 
Remarks 

Incisions over each bone. Fragments 
refreshed and tied together with silver 
wire. Wounds left open. ' 

Aseptic course. (See T. Chart XI., p. 439.) 

Wounds superficial and spray discontinued on 
January 31. Silicate apparatus applied on 
February 7. Wires removed March 16. 
Union satisfactory. (See T. Chart LII . ) 

out any bad result. (There were 11 distinct compound fractures.) 

the Lower Jaw (Surgeon). 
An incision was made behind the ramus 

of the jaw on the anchylosed side, and 
the condyle of thejaw was cut through 

The wound was almost absolutely healed on April 
¿L, when boracic dressings were applied. A 
wedge was kept between the teeth, and when 
the patient was discharged she could open her 
mouth without aid for' half an inch. When 
seen in July her condition had much improved 

It may, perhaps, be more convenient if I separate the 
cases of accidental compound fracture from those made by 
the surgeon. The following is the list of the accidental ones 

Part injured No. of cases 
Femur . 26 
Bones of leg . 34 
Clavicle 3 
Humerus 12 
Fore-arm 12 
Skull . 9 
Lower jaw 1 

Total 97 

No. of deaths 
1 
1 

Total No. of 
fractures 

30 
50 
3 

12 
16 

9 
1 

121 

Secondary 
amputations 

1 

A patient on whom an operation has been performed, whose wound has 
healed, and on whom a second operation has then been done, is, of course, 
reckoned as two separate cases 

Bone 
Femur 
Leg . 
Humerus 
Fore-arm 
Skul l . 

Total 

No. of cases 
3 

19 
3 
5 
9 

39 

No. of deaths 
1 
1 

Secondary 
amputations 

The following is the list of those made by the surgeon :— 
Bone 

Femur Leg • 
Clavicle 
Humerus . 
Fore-arm . 
Lower jaw 

Total 

No. of cases 
23 

' 15 
3 
9 
7 
1 

58 

No. of fractures No. of deaths 
27 _ 
31 _ 

3 __ 
9 _ _ 

11 _ 
1 -

82 0 

Secondary 
amputations 

1 
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Some writers have a fancy now-a-days to group the cases 
according to age. The following are the facts in these 95 
cases :— 

0 -9 years 10-19 20-29 30-39 40-49 50-59 60-69 70-79 
12 cases 25 19 20 8 7 2 1 

(In one case the age is not known.) 

If we again subdivide these into accidental and intentional, 
we find the following :— 

Accidental. 
0 -9 years 10-19 20-29 30-39 40-49 50-59 60-69 70-79 

4 10 (1 death) 7 (1 death) 9 2 3 2 0 
(In one case the age is not known.) 

Intentional. 

0 - 9 years 10-19 20-29 30-39 40-49 50-59 60-69 70-79 
8 15 12 11 6 4 0 1 

It is thus evident that the results are not due to absence 
of old patients. 

The result exactly confirms the anticipations expressed on 
p. 461, that where the element of shock is excluded, and where 
the surgeon has merely to keep out the causes of fermentation, 
not to eradicate them, the mortality would fall and an element 
of certainty be introduced into the results. 

In order to get comparative statistics similar to those given 
in Chapter XVII., I have looked through Mr. Spence's account 
of his work from 1872 to 1878, given in the papers to which 
reference has already been made (p. 378), and the following 
seem to be the facts :— 

I find mention of 16 primary amputations during this 
period, and of these 7 died. In only 1 of these cases is it 
stated that death occurred within forty-eight hours, and thus 
we have to consider 15 primary amputations with 6 deaths. 
Then I find 5 secondary amputations with two deaths, neither 
within forty-eight hours. Also 1 secondary excision which re-
covered. And then only 2 cases of compound fracture treated 
conservatively, both of which recovered. Whether these are 
all the cases of compound fracture treated conservatively, I 

cannot say, but as these 2 are mentioned, I presume that had 
there been any more, they would also have been stated. Hence, 
in Mr. Spence's list of cases treated during the greater part 
of the period referred to, and in the same hospital as Mr. 
Lister's cases, we find traces (for they are not grouped) of 23 
compound fractures which lived for more than forty-eight 
hours, and of these 8 died, some of the deaths being due to 
infective disease. These facts are also interesting as showing 
what a large proportion of compound fractures are amputated 
primarily in the practice of a surgeon not treating his cases 
aseptically, and also the large proportion of secondary opera-
tions. For of 23 compound fractures 15 were amputated 
primarily (6 deaths), 5 were amputated and 1 excised second-
arily, and only 2 were treated conservatively. And even if 
Mr. Spence has not published all his cases of compound frac-
tures the facts remain equally striking, for, with a much 
smaller number of patients than Mr. Lister and with less 
hospital accommodation* Mr. Spence has performed a larger 
number of primary and secondary operations. 

But from these papers I glean the following facts which 
are free from any objection. During this time (1872-78), 6 
compound fractures seem to have been made on healthy bones 
by Mr. Spence, and of these 2 died. One case, however, died 
in 36 hours, and therefore, following our rule, we have 5 
intentional compound fractures of healthy bones with 1 death 
These were, 1 excision of the head of the humerus in a case 
of unreduced dislocation-death in thirty hours; 1 excision of 
the knee for bad anchylosis; 1 operation for badly united 
fracture of the femur; and 3 excisions of the elbow for anchy-
losis—1 of these cases subsequently underwent amputation and 
died, apparently of septicemia. 

Before leaving Mr. Lister's results, I may refer to some 
operations on bones which have the same dangers as com-
pound fractures, though the bone is not fractured across. 

. T h u s t h e removal of exostoses is a serious matter. Mr. 
Lister has operated for exostoses thirteen times (from the end 
of 1871 till October 1880), four times on the femur, and twice 
on the tibia, without any bad result. 

In chronic osteitis not yielding to treatment, Mr. Lister 



cuts down, exposes the bone for a considerable extent, and 
then digs a long deep trough in it with the gouge and hammer. 
This treatment at once relieves the pain, and generally cures 
the disease. Mr. Lister has performed 10 such operations 
(from the end of 1871 to October 1880), without the slightest 
bad result in any instance. 

And then there are a number of operations in which, as in 
the removal of tumours, portions of bone have been cut away 
without any bad result. 

By including all these operations together the number of cases 
could be very much increased without the addition of any bad 
result. I have preferred, however, to adhere rigidly to the 
cases of compound fracture, meaning by that not subcutaneous 
division of the bone, but a large wound open and communicating 
freely with the bone, generally by means of a drainage-tube. 

I shall now consider the results obtained by other surgeons, 
and I shall take first,, as being the most remarkable results as yet 
published, the statements made by Dr .»¡MacEwen in the' Lancet' 
for September 18, 1880. He there gives the result of all the 
cases in which he has made compound fractures aseptically. 
He points out that these cases were really compound fractures, 
and not in any sense could they be called subcutaneous opera-
tions. The wounds varied in length from f inch to 1 £ inch, 
and the edges of the wound were held aside so that the bone 
was freely exposed, and purified air had free access to the 
divided fragments. In this way he has operated on 330 
patients affected with various deformities. Of these 220 had 
knock knee (367 limbs), 64 had bow legs (104 legs), 40 had 
tibial curves &c. (80 legs), and 6 had osseous anchylosis of the 
hip or knee The bones were either simply divided by the 
chisel and hammer, or wedge-shaped portions were cut out. 
Although he only operated on 330 patients, he produced com-
pound fraetures on 557 limbs. And as he often produced 2 
or more separate compound fractures on the same limb, it 
came about that he had in all made and treated aseptically no 
less than 835 compound fractures. 

What were the local results ? Here we have to consider 
835 compound fractures, and here Dr. MacEwen tells us that 
only in 8 out of these 835 wounds did suppuration occur, even 

# 

though union by first intention was impossible. In one case 
there was no apparent cause for the suppuration ; in the other 
7 cases some cause was present. In 3 instances irritation and 
inflammation were set up by the pressure of the splint, &c • 
in 3 cases there was bruising and laceration of the soft 'parts' • 
and m 1 a piece of muscle was severely injured in adjusting 
the bones. In each of these 8 cases the occurrence of suppur-
ation was preceded by elevation of temperature. 

m a t was the result as regards the necessity for further 
operation ? Here we have to speak of 557 limbs ; 557 cases in 
which secondary amputation might have been necessary. 
Secondary amputation was, however, only necessary in one 
instance, although some of the limbs had as many as four or 
five compound fractures. The operation in this case was neces-
sary because owing to an accident, the bandages had become 
displaced, and gangrene of the foot occurred. This patient 
recovered perfectly. 

What were the results as regards life ? Here we have to 
consider 330 lives which might have been lost, and in con-
nection with this it is to be remembered that many of these 
patients had multiple compound fractures, in some instances as 
many as 10 And yet of these 330 cases only 3 died, and not one 
of these deaths was in any way due to the operation. MacEwen 
describes these 3 cases in detail, and I may state that the 
causes of death were diphtheria, tubercular meningitis, and 
pneumonia contracted before the operation. 

To sum up Dr. MacEwen's results, we find that of 330 
patients only 3 died, in each case the fatal result being inde-

n c t t l T d i S 6 a S e : ° f 5 5 7 l i m b s a f f e c t e d compound acture on y 1 required secondary amputation or other opera-
l ^ n f «?-18 \ T S e i n d e P e n d e n t ( ' f the wound; and 
lastly, of 835 compound fractures, suppuration only occurred in 

wounds, though primary union was impossible in all. 
-liiese results are the more striking when it is remembered 

h e l <nn ° f t h e i P a t l ' e n t s °P e r a t e d ™ were not in good 
nea tl On several occasions,' says Dr. MacEwen, < the patients 
admin t W e t h a t t h e r e w a s considerable hesitation about 

^ g ^ a n ^ s t h e t i . Many have been carried to the 
«Ms by their friends, as they were unable to walk except by 



the aid of crutches, and that for a very short distance.' It is 
indeed strange that such facts are allowed to pass entirely un-
noticed, and that in spite of them surgeons continue to assert 
that equally good results may be obtained by cleanliness, good 
ventilation, &c. These injuries will be generally acknowledged 
to be grave ones, and there is no record whatever of anything like 
similar results from other than aseptic methods of treatment. 
In reference to the statistical value of such cases, Mr. Holmes 
justly remarks: ' Of all wounds, perhaps those of compound 
fractures of the leg are the best adapted for studying the effect 
of different ways of dressing. Amputations and other major 
operations depend so much more for their success on the health 
of the patient and the previous course of the disease, that it is 
hardly possible to draw from their results any absolute con-
clusions as to the effect of the system of dressing. This 
objection applies, of course, to compound fractures to some 
extent (as indeed it does to every surgical affection); but much 
less than to amputations, especially when the severer accidents 
which call for immediate amputation, or which prove fatal from 
other injuries, are left out of account..' 

Professor Volkmann has published a detailed account of all 
the compound fractures treated by him conservatively since he 
introduced the aseptic method. These are 73 in number (75 
fractures), and of these 73 patients not one died.1 In one or 
two cases of injury to joints, primary resection was practised. 
These, of course, still remained compound fractures, and are 
very properly included here. The following is Yolkmann's 
list: 

Secondary Secondary DCath 
resection amputation Part injured 

Femur 

No. of 
cases 

1 

No. treated 
conserva-

tively 
1 

Patella 3 3 
Leg . .' 43 36 
Humerus 8 8 
Fore-arm . . 20 14 

75 62 

1 In his address at the recent meeting of the International Medical Con-
gress in London, Volkmann said: 'When I adopted the antiseptic treatment of 
wounds my last 12 patients, with compound fracture of the leg, had all die11 

of pyemia or septicemia. From that time up to the present day I ' l s t e 

Now, m considering these facts we have first to notice, that 
no less than 48 patients were injured by direct violence, and 
that m 20 cases the bones were extensively shattered. A 
number of the cases were machine accidents, and Volkmann 
says with regard to these, that it was at first a very difficult 
matter to decide whether any attempt ought to be made to save 
these limbs. In 19 of the cases joints were involved in the 
injuries: of these 5 were resected and 3 amputated secondarily 
while 11 were treated conservatively to the end. In 2 cases' 
primary resection of the joint was performed, once at the 
shoulder-joint and once at the elbow-joint. 

The following are the ages at which these accidents oc-
curred : 

1-10 11 20 21-30 31-40 41-50 51-60 61-70 
5 1 3 14 17 10 9 5 

With regard to the cases of secondary amputation and 
resection, A olkmann expressly states that they chiefly occurred 
soon after the treatment was first introduced, and that with 
increasing experience of the aseptic method these cases have 
become more and more infrequent; and he states that 3 cases 
of secondary amputation would have been unnecessary if the 
mjunes had been in the first instance, properly diagnosed and 
reated In speaking of the results of his cases he rightly 

S ^ f i T t W ° I t ' firSt b e i n ^ t h 0 S e ^ h o c c L e d dmng the first year, while they were learning the method ; and 
he second, those treated during the remainder of the p riod 
hree years or more) after they had learned the method. In 
e firS set they had always suppuration and sometimes gan-

Zn JTl8 Vhe
 S k h l ; ̂  th&y i n i e e t e d a ^ o n g 

uUhe w , ° f T a t firSt' a n d a f t ™ d s t hey washed ZtZT r ^ ^ C a r M i C l 0 W W h e n < 4 found 
hat chloride of zmc ought not to be used, and that it was 

^ecessary and hurtful to wash out the wound, they got v T 
different results. Then they found, and this ¿as the*case in 

i E S S S S ! S 3 ! f C O m P T d f r a c t u r e s - a n d n o t a patient 
two died one of , ^ f c * d e n t a l diseases ; 133 were cured, 
^ ^ u Z f o l l ^ T , e l T g S d n r i n * < h e fi-t few hours, and unKara, of delirium tremens.'— Lancet, August 13, 1881. 



about the last 60 cases, that the fracture and wound behaved 
as if they were subcutaneous, there was no suppuration nor 
gangrene of the tissues, but, on the contrary, rapid healing. As 
a rule, also, necrosis did not occur, though in one or two cases 
small detached fragments, which had been left at first, were 
picked out of the wound afterwards. Volkmann describes the 
course of the cases as follows: 'Gleich von Anfang an tritt 
keine örtliche Reaction, keine Jauchung, kein Wund-reinigungs-
stadium auf; das Markgewebe verjaucht nicht in der Umgebung 
der Bruchspalte ; die geöffnete Markhöhle und das blossgelegte 
spongiöse Gewebe werden sofort wieder durch Blutcoaguk 
verdeckt und abgeschlossen, die so lange liegen bleiben, bis sie 
durch organisirte Gewebswucherungen ersetzt sind. Es ent-
stehen keine fissuralen (Bruchspalten-) Eiterungen, keine 
inter-musculären, subperiostealen und parossalen Phlegmonen, 
keine Eitersenkungen und Eiter-retentionen, keine grösseren 
Necrosen. Die antiseptische Methode gestattet die Heilung der 
complicirten Fracturen gewissermassen unter dem feuchten 
Schorf.' In only three cases did Volkmann fail to eradicate 
the causes of fermentation. 

Max Schede has also treated a number of compound frac-
tures aseptically. There were 37 cases admitted soon after the 
infliction of the injuries, and only 1 did badly, and that case is 
said to have suffered in the first few days from fatty embolism 
and delirium tremens. No patient died. In 4 cases intermediate 
amputation was necessary, thrice on account of gangrene due 
to the direct violence of the injury, and once on account of 
gangrene in the case just alluded to, where the patient moved 
the limb violently and tore the posterior tibial artery, the 
anterior tibial having been destroyed by the injury. All these 
cases were the result of direct violence. 

Taken along with Volkmann's 73 cases we have a total of 
110 cases treated, in the first instance conservatively, without 
a death. Of these, 12 required secondary amputation and 5 
secondary excision, leaving 93 which recovered without further 
interference. 

Max Schede adds the following interesting facts:—Seven 
cases came under treatment between the second and the 
sixteenth day after the injury; these cannot of course be in-

eluded in the same category as those which came under treat-
ment witlnn a few hours after the accident. Of these, 2 died— 
1 admitted on the ninth day with tetanus and 1 admitted on 
the sixteenth day with extensive suppuration; 1 underwent 
secondary amputation, and 4 were treated conservatively. As 
I have previously pointed out, these cases illustrate the result 
of treatment by antiseptics, because it is hardly possible to 
render such a wound aseptic so long after the injury. 

Before leaving Volkmann's results I shall refer to the com-
pound fractures made by himself. He has produced 71 com-
pound fractures on 59 patients. One of these cases died 
This occurred in the case of a bleeder who died of anemia 
about twenty-four hours after the operation-a case of excision 
of the knee for anchylosis. Leaving out of consideration, then, 
according to Mr. Holmes' rule, this case which died within 
forty-eight hours, we have 58 patients on whom compound 
tractures were produced without any fatal result. After the 
70 compound fractures which we have to consider, secondary 
amputation was only necessary twice; in 1 case a central 
^chondroma in the tibia was found to be the cause of the 
deformity, and the limb was therefore amputated ; in the other 
case here was very severe genu valgum in consequence of 
arthritis deformans, but the exact reason for amputation is not 
given As to the bones affected, we have mention of 16 com-
pound fractures produced on the femur and 45 on the bones 

lie leg. The other operations were for ununited or badly 
united fractures, but the bones affected are not mentioned 

In comparison with these results Volkmann says, that the 
journals of the surgical wards at Halle for former years contain 
no es of 11 compound fractures of the thigh, of which 6 died, 
J!, ° f 6 4 c o m l , o l m d fractures of the leg, of which 26 died. 

he proportion of cases which required secondary amputation 
not mentioned, but it is stated that many of the injuries 

were very simple and the result of indirect violence. 

mad^U98 ^i-o16 ^ e a r ! Bardenheuer, operating aseptically, 

Suit V 0 T P ° / l i r e S ° n h e a l % b 0 n e s w i t W 

* He also performed 53 resections-15 of the hip and 
£ ot t h e knee-joints—without a death. 

MacCormac gives the results of the aseptic practice in 



St. Thomas's Hospital. There were 16 cases of compound 
fracture treated (2 of the femur, 3 of the upper extremity, and 
11 of the tibia) without a death, and in only one instance was 
secondary amputation necessary. He contrasts these results 
with those obtained in the former six years during which 
54 cases of compound fracture were not treated aseptically, 
and of these 12 died (4 from pyemia and 4 from erysipelas); 
one case required secondary amputation on account of gangrene; 
and in several there was suppuration or erysipelas and a pro-
tracted recovery. 

MacCormac also referred to 45 compound fractures made 
by the surgeon (since the address the number has risen to 57), 
without a death. Thirty of these involved the knee-joint, and 
though the wound in the soft parts was comparatively small, 
yet it was 'quite large enough in many instances to allow 
serious inflammation and putrefactive changes to take place 
in it.' In no single instance did any serious result follow. 

If, now, we sum up the facts already obtained and, following 
Mr. Holmes' suggestion, exclude all cases of primary amputa-
tion, and of death within forty-eight hours after the injury, we 
get the following remarkable results :— 

I. Accidental Compound Fractures. 

Adding together the results of Lister, Volkmann, Schede, 
and MacCormac, we find that there were 164 cases of com-
pound fracture treated conservatively, in which an attempt was 
made to purify the wound,1 and of these 2 died, giving a 
mortality, after accidcntal compound fracturcs, of 1-2 per cent. 
But then one death certainly, and the other probably, was 
independent of the injury. Among these are included a few 
cases of compound fracture of the skull, but if we take limbs 
alone, we find that 158 limbs were affected with compound 
fracture, and among these secondary amputation was performed 
in 15 cases and secondary excision in 5, leaving 138 limbs 
which were cured without operative interference. 

1 The numbers would be larger now, see note on p. 506. 

II. Intentional Compound Fractures. 

Adding together the results of Lister, Volkmann, MacEwen, 

" r ; l A ? ; C o r m a c ' ™ have 530 patients affected 
with 1,072 compound fractures, and of these only 3 died, giving 
a mortality of -56 per cent., the causes of death being n each 
case quite independent of the operation. Looking at the 
results to the limbs, we find that 766 limbs had 1,068 compound 
fractures, and that among these secondary amputation was 
only necessary m 4 instances, or -51 per cent 

Adding together the cases of accidental and intentional 
compound fractures, we find that 694 patients were affZed 
mth 1,239 compound fractures treated aseptically, and of 
these o, or •72 per cent., died. 1 

Or looking at the results as regards the limbs, we find that 
m hmbsjere affected with 1,226 compound fractures and 
of these 902 recovered without further operation, while it 

In contrast with these results we have the following facts • -
Volkmann and Franckel1 found a record of ««••; 5 , 

hospitals, and, of these, 339, or 38-S per cent died Trf T 

ter T T R R T E D A S « > 1 W E T 
fathe'rmhT " r e g a l d s ^ "ones affected, bu by »•the greatest number of bones injured were those of the 

£ t ^ t f f ' " ^ ^ * X 

pssssssr^i 
1 !0S' 38-7 P' " f l " - the leg. 

In Breslau2 4 n . * " 
In Hal le . ^ » » 
In Bonn2 4 1 . g ^ 

" » 
1 Volkmann's Sammlung, 117. 118. 2 m d 



Mr. Holmes1 states that in St. George's Hospital, from 
1865 till 1878 inclusive, after excluding cases of primary 
amputation and deaths within forty-eight hours, there were 
treated by the ordinary methods 162 cases of compound frac-
ture of the leg, of which 40, or 24-6 per cent., died. A con-
siderable proportion of these cases was treated during a period 
in which cleanliness, good ventilation, &c., were greatly in 
vogue, and by surgeons who were much impressed with their 
necessity. Among these 40 deaths were 21 from pyemia 
alone, and several of the remaining deaths were due to other 
septic diseases. 

I have previously, at p. 510, given the results in St. Thomas's 
Hospital, the mortality there being 22-2 per cent. 

These records correspond with the expressed views of sur-
geons of all ages as to the dangers of compound fractures pro-
duced accidentally or of operations in which compound fractures 
are made On the other hand we have also the generally 
acknowledged fact that subcutaneous osteotomies are practi-
cally free from danger, and the subcutaneous method is, as we 
have previously seen, a form of aseptic treatment. The fore-
going facts show that it is not necessary to have recourse to 
subcutaneous operations to ensure safety, but that the Listerian 
method is equally, if not more efficacious, while the free access 
to the bone is in many cases a great advantage, indeed in some 
an absolute necessity. 

I must now again refer to Carl Reyher's results in the 
Russo-Turkish war (see p. 401, et seq.) During this war he 
treated 22 cases of compound fracture of the extremities 
aseptically (by ' primary antiseptics,' as he terms it), and of these 
4 or 18 p.c. died, secondary amputation being only necessary 
in one instance. The following list shows the cases and the 
i-esults:- Healed with 

Part injured No. of cases Died « retortion of 

, 4 
Humerus . . . * — 
Fore-arm . . . 3 1 
Thigh < . . 3 3 1 -
Leg . . . • J L Z- - -

Total . 2 2 4 1 18* 
*Or 81-8 p. c. 

1 St. George's Hospital Reports, vol. ix. 

During the same time he had 62 fractures of the long bones 
treated with antiseptics or, as he calls it, with 'secondary a n Z 
sep ics, and of these 23, or 35-3 p.c., died. The following is the 

Healed with 
retention of 

Part injured No. of cases Died Secondary 
r T amputation 
Humerus . . . g • l l m b 

Fore-arm . 3 5 

Thigh . .' .' 2 - ~ ~ 3 
, 0 lo 5 19 

* L C I ? 2 2 5 2 G 

Total . 6 2 — ~ — 

*Or 69-6 p. c. 

f n t 0 2 7 S i m i l a r f r a c t u r e s n o t t r e ; i t e d antisepti-trtfi^i *rno d e t a i l s ° f t h e m ' a n d t€8 
that up to the time of writing 8 had died of pyemia 

The following are the fatal cases where aseptic treatment 
was attempted:— 

One compound fracture of the thigh died of f a t t y embolism; it 
s not mentioned how long after the injury the patient died • in 
is case the femur was completely shattered throughout it whob 

extent, the wound of entrance being near the pubis, One c o m p o u n d 

.ueture of the thigh died from exhaustion/the result of p T s e 
suppuration. One compound fracture of the thigh died from ep L 

TC^i CODipound o f t h e ^ S E 

With regard to these cases I need merely point out the 
extreme difficulty of thoroughly disinfecting the wound and of 
emovmg ,11 portions of clothing from the wound. Reyher 

refers to this point, and it seems that in 3 of the 4 fatal cases 
" W b f , t h e ^ ^ t i c method was tried, disinfection was no 
-ccessful. This is of course only what might be e jected 
T re is nothing magical about the injection of an anlsep i 
«to wounds and unless the fluid reaches all the recesses of the 
wound and destroys all the causes of fermentation which have 
been introduced into it, the wound cannot be expected to follow 
p e p t i c course; it is not an aseptic but a-septic wound, and 

J^consequences of such a wound will be those of a s e p t S 
an aseptic one. 

L L 



In considering the results of other forms of antiseptic 
treatment, the only detailed account to which I can refer is 
Kronlein's report of the results of the open method in Zurich 
(see p. 410). Kronlein states that between 1860 and 1867, 
160 cases of compound fracture were treated, and of these 67 
died ; 86 of them being treated conservatively with 21 deaths. 
Between 1867 and 1871, 102 compound fractures were treated, 
of which 27 died; 65 of these being treated conservatively with 
14 deaths. 

Though Kronlein tells us the number of cases amputated, 
and the number treated conservatively to the end, he does not 
tell us the number of primary and secondary amputations. 
Now, of course, in considering the results of compound fractures, 
we must divide them into those amputated primarily, and those 
in which conservative treatment was tried; the latter group 
being subdivided into those which required secondary amputa-
tion and those which were treated conservatively to the end. Of 
course the cases treated conservatively to the end are the most 
favourable class, because they did not require secondary opera-
tion. But in judging of the success of conservative treatment, 
it is necessary to know in what proportion of cases that treat-
ment failed and secondary operation was required. Now it is 
only of the former—the successful cases—that Kronlein gives 
us information. With the view of getting a correct impression 
on this point, I have gone over his statements, and the follow-
ing are the facts, so far as I have been able to gather them. 

Of the 160 cases treated between 1860-67, 38 were ampu-
tated primarily, with 19 deaths ; 21 were amputated secon-
darily with 17 deaths; and 15 were amputated, but whether 
primarily or secondarily, I have not been able to ascertain ; of 
these 9 died. 86 were treated to the end conservatively with 
22 deaths. Now according to our rule the primary cases are 
omitted. As to the 15 amputations with 9 deaths, I don't 
know what they are, and therefore we shall put them in a 
group by themselves. This leaves us with 107 cases in which 
we are certain that conservative treatment was attempted, and 
of these 39, or 30-4 per cent., died. The result then, so far as 
we know it, is— 

/ 

Xo. of cases 

107 
( c e r t a i n ) 

Deaths 

3 9 

Secondary 
amputation 

21 
( c e r t a i n ) 

Recovered without 
mutilation 

( o r 59 -8 p . c . ) 

^ n o U l t S O f open method from 1867 to 

27 died Of t t f ^ * * ^ a d m i t t e d > a * d < * * » » 27 died. Of these 19 were amputated primarily with 5 deaths • 

, r X T 1 S e T l a r i l y ^ 4 d 6 a t h s ; 9 ™ amputated, 
but whether primarily or secondarily I do not know, with 4 
dea hs; 6o were treated conservatively to the end with 14 
deaths. Treating these cases like the former, we may say that 
74 cases were certainly treated conservatively and of these 18 
or 24-3 per cent., died. Thus— ' 

No. of cases Deaths 

7 4 - 1 8 

( c e r t a i n ) . ^ . , 
( c e r t a i n ) ( o r 0 8 ' 9 p . c . ) 

doubtfnl ! l b e / f e m e m b e r e d i n b 0 t h c a s e s * * some of the 
doubtful amputations were probably secondary, so that these 

e t s e T b •6! " " ' I f a V ° U r a b I e - 1 ^ details of the cases which we know about according to the limbs affected. 

Secondary 
amputation 

9 . 

Recovered without 
mutilation 

5 1 

Part affected 

F e m u r . 
Leg . 
H u m e r u s 
F o r e - a r m 

Cases treated Conservatively. 

( 1 8 6 0 - G 7 . ) 

No. of cases 

8 

. 7 7 
9 

1 3 

Percentage of 
cases treated 

conservatively 
6 1 - 5 
8 1 

4 7 - 3 
3 9 - 3 

Deaths Secondary 
amputations 

3 
2 6 
4 

1 
15 
2 

Recovered 
without 

mutilation 
5 

4 9 
4 
6 

T o t a l 1 0 7 66-8 3 9 2 1 6 4 

Part affected 

F e m u r 
L e g . 
H u m e r u s 
F o r e - a r m 

Cases treated Conservatively. 

( O P E N M E T H O D 1 8 6 7 - 7 1 . ) 

No. of cases 

12 

1 4 
10 

Percentage of 
cases treated Deaths 

conservatively 
7 0 - 5 3 
84-4 12 
5 1 - 3 2 
6 2 - 5 1 

Secondary 
amputation 

1 
7 
1 

Recovered 
without 

mutilation 
9 

2 2 
11 

9 

T o t a l . 7 4 69 -1 

L L 2 
18 5 1 



It will thus be seen that some improvement followed the 
introduction of the open method, but this in no way corresponds 
to that effected by the aseptic method. 

The causes of death are not given, but of the 39 deaths of 
the first period, at least 27 were from pyemia and septicemia 
(14 of the cases treated to the end conservatively and 13 of 
the secondary amputations). Of the 18 deaths of the second 
period at least 8 were from pyemia and septicemia (5 of the 
cases treated conservatively and 3 of those amputated secon-
darily). As I have said, this is the most favourable statement 
possible, and it does not include those which died of other septic 
diseases. 

I do not find any facts of statistical value, with regard to 
the results with other forms of antiseptic treatment, but the 
good results of irrigation and the water bath and of crust forma-
tion are well known, and have already been alluded to in the 
history of the subject. The whole tendency of the facts 
published in recent times is, however, to show that success 
increases according as the method adopted fulfils more and 
more the requirements of the aseptic principle; and the same 
is evident if we look at the history of the subject and see the 
successes obtained by the use of balsams, of crust formation, 
of irrigation and the water bath, and of subcutaneous surgery, 

CHAPTER XX. 

RESULTS OF ANTISEPTIC SURGERY —{continued). 

Abscesses connected with disease of the vertebra. Best situation for opening 
psoas abscesses : best time for opening them : after-treatment and after! 
progress. Table of M , Lister's results : general summary and remarks on 
views. C a S 6 S ' ° 0 m p a r a t l V e s t a t i s t i c s a r e wanting. Sir James Paget's 

BEFORE discussing these results, I think that it will be most 
convenient to consider the last group of cases to which I intend 
to refer, viz. cases of abscesses connected with disease of the 
vertebra;. The cases which I give here were treated by Mr 
Lister between the end of 1871 and 1879 ; and I will mention 
all the cases which occurred during that period. I have been 
careful to take only those abscesses which were unmistakably 
connected with disease of the vertebre, as indicated by curva-
ture, by the history of the case and the symptoms present, and, 
m several instances, by the presence of pieces of bone in the 
pus. Of course this list, like the others, does not represent all 
he cases which Mr. Lister has ever treated aseptically, for he 

had several cases under his care before this period, and both 
before and during it, he has treated a number of similar ab-
scesses m private practice. Here, as in other instances, his 
results have been better in private practice than in hospital, 
because the cases were attended to either by himself or by 
skilled assistants, while in hospital it was often necessary to 
leave the changing of the dressings to students. 

In the treatment of these abscesses the general principles 
ol aseptic surgery are carried out in the manner before de-
scribed, and I need not recapitulate the points here. I must, 
however, say a few words as to the best situation for opening 
Psoas abscesses. An abscess which has passed into the thigh, 
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lining the abscess cavity. This discharge rapidly diminishes, 
and in a few days becomes very slight. After the original pus is 
evacuated there is no more pus formation from the abscess cavity, 
provided that the drainage is efficient and that the discharge 
is kept aseptic. There may be a little suppuration from the 
granulations surrounding the orifice of the drainage-tube, which 
are irritated by the direct application of the carbolic acid, but 
there is 110 suppuration from the deeper parts. As a conse-
quence of the slight amount of discharge the dressings are not 
often changed, and generally, in a few weeks after the abscess 
has been opened, the case is only dressed once a week, and 
then not because discharge has reached the edge of the dress-
ing, but, for the reasons given on p. 93, because it is considered 
that the dressing is no longer sufficiently antiseptic.1 A sinus 
often remains for a long time, sometimes for months, and the 
weekly dressings must be continued till it finally closes, the 
greatest care in carrying out the minutest aseptic precautions 
being required till healing is complete. Never be tempted, how-
ever slight the discharge, or however apparently superficial the 
sore, to give up the aseptic method or to substitute boracic for 
carbolic dressings. During the whole treatment of the case the 
patient must be kept absolutely recumbent, whether lying on 
his back or on his side is pf little consequence, and must never 
be allowed to raise his shoulders for any reason whatever. 
Generally, after the sinus has healed, it is well to maintain the 
perfectly recumbent position for at least six weeks longer, so 
as to ensure that the bones are sound before the weight of the 
body is allowed to tell on them. The maintenance of absolute 
rest is essential for success. 

The constitutional state of the patient rapidly improves 
after the abscess is opened. If hectic fever is present before-
hand, it generally rapidly subsides (see T. Chart LIY), and the 
temperature becomes normal, and remains so throughout; and if 
the temperature is normal before the abscess is opened it does 
not rise nor assume a hectic type, as is so common when the 

1 I may just recall the fact al luded to on p. 89, that when dressings are left 
on f o r a week, there sometimes occurs a little irritation beneath them, and that, 
therefore, it is well to rub a little of the salicylic cream on the skin around 
the wound before applying the dressing. 

% 

discharge-is allowed to putrefy. The general condition of the 
patient corresponds entirely to this state of the temperature: if 
f b r n ; v e a k a n d of fering before, he rapidly regains 

strength, loses his pain, and puts on flesh; his a p p e t i t e r e t L s 
and he soon feels 111 a state of perfect health. The reason fo 
this s evident j the patient is not exhausted by the daily loss 
of a large quantity of discharge, while he is relieved from the 
presence of the abscess. Cod-liver oil and iron are, of course 
given throughout, but stimulants are rarely necessa^, at leas 
after the first week or twn A HI I J 
WPII aui , , ; A l t h o u g k these cases remain so 

ell, and although the discharge is soon practically nil, yet 
they are as a rule very tedious, and it is well not to reckon 01 
cure m less than six or eight months; some cases indeed las 
much longer It is expedient, therefore, to warn the patient' 
hiends o this before the abscess is opened, for otherwise th y 
may get discouraged and take the patient away; and if aseptic 
treatment is not continued to the end, the chances of recoTery 
are almost as slight as if it had never been employed * 

A number of examples of the 'aseptic course' of these 
abscesses just described will be found in the following table 0 

that I need not detail a case here. ° ' 



No. Name and Age Date of Operation and 
Discharge; with Result Disease. 

1 Jane T., 38 . . Op., Dec. 21, 1871. 
Bis., Jan. 31, 1872. 
Result, putrelied. 

Large psoas abscess forming a bulging tu-
mour in the thigh and extending high up 
in the abdomen. First noticed six months 
previously, pain in back, &c. 

2 Donald T., 24 . Op.. Feb. 19. 1872. 
Bis., Feb. 1873. 
Result, cured. 

Lumbar abscess, l'atient hurt his back two-
and-half years ago, pain in back, &c. 

3 Thomas G-, 5 . 

» 

Op.. April 2, 1872. 
Result, unknown, pro-

bably cured. 

Psoas abscess in connection with advanced 
spinal disease. A lumbar abscess appeared 
later. 

4 William L., 45 

— 

Op., April 1872. 
Dis, April 3, 1873. 
Result, cured. 

Lumbar abscess. Curvature of spine, &c. 

5 Thomas M., Ê2 Op., July 4, 1872. 
Dis., April 2, 1873. 
Result, died of an in-

dependent cause. 

Lumbar abscess. Patient first noticed a 
swelling three months previous to admis-
sion. There was no curvature but great 
pain on pressure over the spine in the lum-
bar region. 

6 Peter L., 35. . Op., Sept. 1872. 
Bis., Oct. 21, 1873. 
Result, cured. 

Psoas abscess w i t h marked c u r v a t u r e of the 
spine about the lower dorsal region. Abs«* 
pointing in the thigh. Disease 
nine years previously. Suffered great p® ; 
and had been getting weaker and thinner. 

Treatment 
Remarks 

Abscess ojiened in thigh and 40 oz. of 
pus evacuated. Drainage-tube in-
serted. 

pened, 10 oz. of pus evacuated. Drain-
age-lube inserted. 

Opened, drainage-tube inserted. (The 
lumbar abscess was opened in Octo-
ber). 

serted. 
opened. Drainage-tube in-

Drainage-tube inserted. 

i S ; „ i D r a i n a g e - t n b e inserted. The 
evacuated was very thick 

0 flow"hadbeSl T l ford t h a t t h e now naa soaked the dressings and the dis-
b e r r f l a a t ^ 1 S a g r e e a P b ! e 0 d 0 Q r - M e m -ber 28, a large piece of bone eame away. As 
the abscess was undoubtedly poind, and as the 
patient was very anxious to go home, she was 
allowed to do so. At that tim°e there was pro! 
^ d i s c h a r g e and the patient was getting 

T h ino d in 1 ' f h f r a , - i < l l y d e e r e a s e ( J ™ «mount, be-
ing in tlie mam serous though occasional^ 
" h a t purulent. The abscess ha eo n-
1 the7 ' u l f - °U ° C t 0 b e i " 24> b u t November 
established T h ^ ? a " d a s i D , , s w a s r e" 
the end of j a n na ry. '' P — n t l y about 

After opening the first abscess the discharge was 

smell. Many fragments ol bone came awav 
dunng the course of the summer, and in Octo-
ber a j o m b „ a b s c e g s w a s fo > n " 

the teT note11^ C O m , ; l e t e d h> the note books, 1873 tn rti vV!"«',l'een t a k e " <>" April 20 
1873, to the effect that there was very little 

i s * S i t t ! s e n e r a i h e a i t h™ S 
bility cured. ^ ^ CaSC i u a11 1 "<">a-

W 0 U n d ™ fo»«d healed on 
Auguot 11 but the scar again opened. Healed 
S ? ° October 13; again the scar gave way 
Healed permanently on December °10 For' 

M s i s v B f l M f l * 
On November 28, some curvature of the spine 

was noticed. In February the dressings were 
changed weekly, there being only a small 
X U J ' r i C 1 at, t h e e " d o f March had almost 
absolutely healed. At this time a smallgTan-
dular abscess formed in the neck and w « 
E h 9 ? 1 d r e S f d W i t h b o r a c i c On March 23, erysipelas attacked this wound an 
quickly spread over the head and neck l i e 
patient got rapidly weaker, and died on AprH 
2- (This is really a case of cured lumbar 

° f a a o t h e r < * » » b ^ r e leaving 

Aseptic course, the discharge being purely s e r -



No. | Name and Age 

7 T. H., 9 . . 

Helen T., 24 

Donald R., 26 . 

10 Jane R., 27 

11 

12 

13 

Anne McK., 22 

— Y V , 3 2 

Eliza M., 30 

Date of Operation and 
Discharge ; with Result 

Op., Feb. 8, 1873. 
Dis., March 8, 1873. 
Result, in process of 

cure. 

Op., May 7. 1873. 
Dis., Dec. 22, „ 
Result, cured. 

Op., June 2, 1873. 
Dis., Jan. 23, 1874. 
Result, cured. 

Op., July 2. 1873. 
Dis., Feb. 2, 1876. 
Result, cured. 

Op., Aug. 21, 1873. 
J)is., Spring 1875. 
Resu t, cured. 

Op., Sept. 2, 1873. 
Died, Feb. 8,1874. 
The cause of death 

was phthisis. 

Op., Feb. 19. 1874. 
Dis., Nov. 10, „ 
Result, in process of 

cure. 

Disease 

Three lumbar abscesses. Curvature in the I 
dorsal region. Patient weak and thin. 

Psoas abscess, which had passed into the 
thigh. Patient began to feel weakness in 
the back about six months previously. 
She had noticed the swelling in her thigh 
for three mouths. 

Psoas abscess pointing in the thigh. Curva-
ture in the lower lumbar region. 

Patient was admitted in June 1873 on ac-
count of suppuration of the sheaths of the 
flexor tendons of the hand following an in-
cision into a bursitis of these tendons not 
performed aseptically. On July 2, a psoas 
abscess was found in the right iliac fossa. 
Had suffered from pain in her back for 
about a year, and for some time from ab-
dominal tenderness. 

Lumbar abscess with well-marked curvature 
of the lower dorsal vertebraj. A second 
abscess formed later. 

Psoas abscess pointing in the thigh. Curva-
ture in the lumbar region ; great pain iu 
the back. Advanced phthisis. 

Dorsal abscess. Great tenderness on pres-
sure over the whole dorsal vertebra ant! 
curvature of the middle ones. Patient 
very weak and anajmic. The pain began 
a year ago. Patient half-witted. 

Treatment 

Drainage-tubes inserted. 

Remarks 

Opened. Drainage-tube inserted, 30 oz 
ol pus were evacuated. 

• Opened above Poupart's ligament. 
Drainage-tube inserted, 23 oz. of 
evacuated. pus 

Abscess opened above Poupart's liga-
ment, ¿0 oz. ot pus containing pieces 
of bone were evacuated. Drainage-
tube was inserted. ° 

10 oz. of pus evacuated. 
Drainage-tube inserted. 

24 oz. of p„ , evacuateci Drainage-tube inserted. 

24 
Draiuagc-tube inserted. 

evacuated. 

0 Th»H 2 3 ' t h ® t W 0 s m a l l e r abscesses had closed 
and techfthrr T " V C d f r 0 M ^ V o S ; The ' 16 d,scharse was very slight 
eliildhome and^, a n x i o i , s to teke^he 
a Ye l, ° ' f t h e y w e r e allowed to do so 
dressing- The06'1 ins t , r i , l c t cd i n t h * method of 
imj^rovfiig. g e " e r a ' " e a l t h w a s a t that time 

Aseptic course. After June 3, the case was 
dressed every second day, and after Julyfi 

of No vember.a7S' ^ A i 

A 0 & e r ° i f " m ° K , r S - F o u n d Sealed on uctober 10. Patient allowed to get up for the hrst time on December 6. 1 

The discharge rapidly diminished, and the case 
was soon dressed only once a week 

Aseptic course. Quite healed on July 31 ,«74 immm^s 
22 f l : 1 1 a g a m ha<1 pain. On October 
.hi ? absciLss vvas 0Pe'>ed at the side of of l s T andnfh/ri';S he,Jed dn™S ^spring ?!,„!, . ' a " d the patient was discharged cured not be 

ai^rtaimicL) a u < l discharge can-

Till the middle of NovemW ti,~ „ , „„ 
became weaker. Diarrhcea set in in January 
During the last two or three weeks there wa?a 

°>6 h e t o r e off the dressings. 
Next day there was a slight smell, and the 
wound was injected with 1-20 carbolic lotion 
The discharge thereafter was odourless. No 
notes are given from the end of April till 
November 10, when she is said to have been 
^discharged m process of cure.' (See T. Chart 



No. 

14 

1.5 

16 

17 

18 

19 

20 

21 

Name and Age Date of Operation and 
D i s c h a r g e ; with Result 

Margaret M., 7 

Margaret S., 20 

Susan J., 12 

William M., 6 . 

William I,., 25 

Thomas M., 15 

Mary C., 4 

Margaret VV., 24 

Op., July 1874. 
Vis., Jan. 1875. 
Result, cured. 

Op., Aug. 3, 1874. 
Dis., Sept 2, 1875. 
Result, cured. 

Op.. Aug. 17, 1874. 
Dis., April 17, 1875. 
Result, putrefied. 

Op., Sept. 14, 1874. 
Dis., Nov. 7, 1876. 
Result, cured. 

Op., Jan. 19, 1875. 
Dis., June 19, „ 
Result, left hospital 

before healing was 
complete. 

Op., July 4, 1875. 
Result, cured. 

Op., Nov. 18, 1875. 
Dis., June 27, 1876. 
Result, putrefied. 

Op.. Nov. 10, 1875. 
Died, March 17,1877 
Result, died of ex-

haustion. 

Disease 

Psoas abscess, angular curvature in the lum-
bar region. Began six months before ad-
mission. 

Dorsal abscess. Angular curvature in the 
dorsal region. Symptoms began eighteen 
months before admission. Patient thin, 
without appetite, and had cough ami 
hannoptysis. 

Psoas abscess. Curvature in the lumbar re-
gion. 

Psoas abscess, which had not yet passed into 
the thigh. Curvature in the lower dorsal 
region. 

Psoas abscess, 
gion. 

Curvature in the lumbar re-

Lumbar abscess. Patient was admitted in 
May with an abscess connected with a 
carious rib. 

Psoas abscess with disease of the vertebra. 

Psoas abscess pointing in the thigh. Acute 
curvature in the lumbar region. The ab-
scess extended all round the thigh. . 

Treatment 

14 oz. of pus evacuated. 
Pieces of bone m the pus. Drainage-
tube inserted. ° 

Remarks 

Opened, 5 oz. of pus evacuated. 
Drainage-tube inserted. 

Opened, 8 oz. of pus evacuated. No 
drainage-tube was inserted. 

Opened by a dissection as if to tie the 
fi£ ili8C ane°'- Drai»«Se-t«be 

0 « e N o . l 7 , l 5 o z . o f p u s eva-

Ofened. The spinous process of one of 
f lum bar vertebra, was felt T h e 
we. Drainage-tube inserted. 

D'amage.-tube inserted. 

, a | ^ Ä £ evacuated con-

ASAUoLTZS\ H e a l e d November 20, 1874 

Aseptic course. Healed in A u g u s t 1875 P a t i e n t 

a t ' j fl6Sh a » d W i n e d h e r apS -
" U e ! t h e abscess was opened. When she 
«as discharged she was atout and well 

,®t P t , e m l ' C r 8, this wound had healed but -i 

S S F C 

t h e r e 1VaS « r e a t difficulty in 
w s rn , drainage, and consequently there 
, , f a n ""usual amount of discharge, the case 
« g dressing about every second day 

thUh I 6 1 ? ! e n t , S u f f e r e d Pain in the 
0 A £ t Z V » C k > - W " h c o n s t a " t vomiting 

Post-mortem examination the lumbar verte 
br«: were found to be completely diso " L ised 
m t t V T t a W t i n S cheesy material bein^ found 

. IC h o d f s , transverse and spinous processes 
of the vertebra;. The bodies of two vertebS testinp- d e l i v e r , spleen, kidneys and i ® 
? s t l ,ts " e r e " ' a s t a t e <*' w a x v degeneration 

L Chart just before death, W Wo L i n 



No. Name and Age 

22 

23 

Ellen S., 32 . . 

John D., 18. 

24 

25 

John D., 24 . 

Eliza T., 19. 

20 Helen E., 50 

Date of Operation and 
Discharge ; with Result 

Op., Nov. 14, 1875. 
Dis., Feb. 3, 1870. 
Result, cured. 

Op., March 22,1876. 
Dis., March, 1878. 
Result, cured. 

Op., April 4, 1876. 
Died, Oct. 2, „ 
The cause of death 

was phthisis. 

Op., Aug. 1, 1876. 
Dis., July 1880. 
Result, cured. 

Op., Nov. 16, 1876. 
Dis., Sept. 4, 1877. 
Result, cured. 

Disease 

Large lumbar abscess. Curvature of the | 
spine. 

Psoas abscess pointing in the left groin. Cur-1 
vature of the spine. Patient had been ill 
for a year. He was in an extremely weak 
and emaciated state. At a later period an 
abscess formed in the right thigh. 

Psoas abscess. Curvature of the spine in the | 
lumbar region. Patient was very weak, 
and had advanced phthisis. 

Admitted with a psoas abscess on the left 
side, which had not yet reached the thigh. 
Great tenderness and curvature of the 
spine in the lumbar region. At a later 
period a psoas abscess formed on the other 
side and also a lumbar abscess. 

Treatment 

I. Drainage-tube inserted. 

Abscess opened above Poupart's lio-a-
ment. Drainage-tube inserted. 

°Pi,e,i f , ° V e P o u ! w r t ' s ligament. 
Pieces of bone escaped with the pus. 
Drainage-tube inserted. 

Opened above Poupart's ligament, 20 oz 
Mei e v a c u a t e d - Drainage-tube in-

Patient injured her back a year before 
mission. It had been very weak and pa -1 
ful ever since, and when admitted there > 
a psoas abscess pointing iu the S"-1 
Patient was very weak. 

ím C / b 0 V e P0U»art's 

a : í s e v M a i e d ' D r a i » -

Remarks 

siriaifps? 
K WiU> feeling quite strong.' (For T 
i ^ o ^ Z ^ J t h e s econd abscess 

T hthoug? a iTtterlvn , f t 1 • h a V e 1 ; & m a i n o d «septic, 

he became weake" ^ 

p s i s s i 
On N S r 0 2 f 2 ° t t b e r ^ 
found S t a n d 2 V'femb^l t f V 
abscess had healed. Alth. h 'f l i m > ! ' 
sinus had not vet li i l d ' t original 
lowed to get up n Pebruk?i8P80 T h — 
healed in June 1880 a n ? f i t J h ' S s l n u s m^mm 
S p S S — s H 
lumbar abscess. (See T. Chart L V H . taken «t 
the time when the second abscess was opened!) 

Aseptic course. Healed July 5 1877 T>„c 

M M 



5 3 0 RESULTS OF ANTISEPTIC' SURGERY. 

No. 

27 

Name and Age 

John R. , 10 . 

"Date of Operation and 
Discharge; with result 

Op., Nov. 20, 1870. 
I)is., Aug. 5, 1877. 
Result, cured. 

Psoas abscess pointing 
ease of the spine. 

in the thigh. Dis. 

28 Hugh MeL., 6. 

29 

30 

31 

John B„ 25 . 

John D., 29 . 

Op., Jan. 29, 1877. 
Bis., Aug. 1878. 
Resu.t, improving. 

Michael C., 21. Op., Jan. 28, 1877. 
Bis., May 1878. 
Result, cured. 

Op., I"eb. 11. 1877. 
Bis., Feb. 1878. 
Result, cured. 

Op., Oct. 12, 1877. 
Bis., Jan. 1878. 
Result, died. 

Psoas abscess on the left side pointing in tlie 
thigh. Extensive disease of the vertebra 
and curvature of the lower dorsal ami 
upper lumbar vertebra;. An abscess formed 
on the other side at a later period. 

Lumbar abscess on the right side. Pain in 
the back. A second lumbar abscess 
formed. 

Psoas abscess which had not passed into the 
thigh. Had been treated for spinal dis-
ease for eighteen months. Patient very 
weak. 

Psoas abscess which had passed into the 
thigh. The curvature of the spine bean 
at the twelfth dorsal and the most F«®'; 
nent part was at the second lumbar vcrif-
bra?. Patient much emaciated and ver> 
weak. 

Ä Z/'S7™ SPIRAL ABSCESSES. 
5 3 1 

Treatment 

I16 ! u t h f ' h i g h . ' A sound was then 
passed under Poupart ' s l igament , the 
point projected against the skin and 
c,u " u : 1 he lower wound was then 
stitched. Drainage-tube inserted into 
the upper. 

Opened like No. 27. V e r y thick pus 
containing pieces of b o , / w a s e v a c " ! 

Opened. Drainage-tube inserted. 

2 ° r e d a , , o v e Poupart ' s l iga -
me"'- drainage-tube inserted. S 

äg^tube inserted? evacua'ed- W 

Remarks 

open the sear. ( S b l e e f o f t l f n e c e f a T * 

out the diff iculty , f V -a? P ? s s i b l e " ' i t h -mmms 
^'°was "a liiatter'of S e ^ K ? ^ ^ » 

opened in M a y 187 7 T . f r o f ^ a n d W a s 

during the summer occurred 
Bishop writes i n ; f. ,Y t h l s P a h e n t Dr . 
A u g u s t 1878^ to t i e N v e i ' o r S o i r 1 

about. ' o i h e w a s running 

ASffi,aC,°yUl; ]8T7h7e Ä t C 6 S S WaS « 
C. healed „ j j . ¿ b m 8 , ? ^ X M Ì c b l l B Ì 

in 1879.' (See f f Òli ar t LX.)" * * » fishinS 

quite strong and well W h L i February 

PpsSrttfei 
l c h ! Z C i m S e S ' „Putrefaction occurred. The 

f h f i a n d exceedingly profuse 
and the patient became rapidly wcaker i 

M M 2 

-Ssi 



MR. LISTER'S SPINAL ABSCESSES. 

LUMBAR A B S C E S S E S (continued). 

An incision was made into the abscess 
above the crest of the ilium, and six 
pints of clear fluid were evacuated 
The fluid in the buttock was evacu-
ated by the same incision. Wound 
stitched up. 

Opened like No. 17. Drainage-tube in-
serted, 14 or., of pus with pieces of 
bone escaped. 

Opened above the crest of the ilium 
about its middle; 50 oz. of thin pus 
escaped. Drainage-tube inserted. 

Opened like No. 17, 8 oz. of thick mor-
tar-hke pus escaped containing pieces 
of bone. Drainage-tube inserted. 

Opened. Drainage-tube inserted. 

Abscess opened and 24 oz. of pus con-
wining a piece of bone evacuated, 
"raiiiage-tube inserted. 

t L 1 . • - C C U T a t e d i n t h e buttock, and in 
the beginning of August, 17 oz. of serous fluid 
were removed by the aspirator. There was 
again «accumulation, and 18 oz. we e with-
drawn on August 22. On September M h T o M 

S t ° r e d * ? d * drainage-tube in 
t u b e S o t blocked, and there were 

reaccumulahon and high temperature (The 
As ToonWnt m e .n s t r uating at the time ) 
fluid Z f f r C e ! x , t w a s Provided for the 
fluid, the temperature fell. The case then 
followed a typical course and the wound healed 
t T L , A p f 187-9- S h e w e n t home quite 
Wh ? i n t h e beginning of June 
hid « M e " r T a S l e t o u t o n September 4 ii 
bacilHP a w ° ; ° U r a n d «onteiued numerous 
I v i". ' however, disappeared in a few 
days, being apparently either dead already or 
S t ® d T e l ° / j n ^ n t h e s e r°us disdiarge irom the wound. (See T. Chart LXII . ) 

ASie87qC T r \ V V ° U n d h e a l e d 0" March 4, 
, Z ei , w s m excellent health through! 

L X I I ? ) treatment. (See T. Chart 

A 25Pt188C0°Ur P f l f H e ^ e d c o m P ' e ' e l y on February 
tio'n f r L ! > lmProved in general condi-
Chart LXIV.) * * ° f t h e ^ 

F V ~ t , T f hh5S m o r t a r i i k ^ t u f f containing 
migments of bone could be pressed out. IW 
February 24 the discharge wis serous and the 
case thenceforward followed a typical asent c 
course The elevation of temperature on Feb 
S a coincided I , 
the patient s first menstruat on. Healed during 
^ uly 1880. (See T. Chart L X V . ) 8 

A w l f C I n t h e summer of 1880, as there 
even though the sinus had not' 

WhenVS®» P a " f n , t W a S a l l 0 W e d t 0 »"a ! k «bout. 
. " e n t h e hospital was closed in July 1880 tlie 

sinus was still unhealed. He was sent home o 
T? Chart I X V I . ) C a % b y h i S ° W n d°C t 0 r -

Aseptic course The pain in the back di-ap-
peared m a few days and the patient's health 
» improved. Found healed on June 16 

18»1 1 atient then well and strong and quite 

L X V n ) P a m ° r t e n d e r n e s s - Cspe T. Chart 

RESULTS OF ANTISEPTIC SURGERY. 

P S O A S AND 

No. Disease 

. Op., July 23, 1878. 
Dis., June 1879. 
Result, cured. 

Treatment Name and Age Date of Operatii n and 
Discharge ; with Result 

Lucy S., 22 Large psoas abscess. Also a collection of 
fluid in the gluteal region. Curvature of 
the lower dorsal vertebral. 

33 Mary R., 7 . . 

34 Sarah P., 21 . 

Catherine C., 15 

Patient was admitted with disease of the 
elbow-joint. Had suffered from pain in 
the back for some time. All abscess was 
found in the left lumbar region. 

Psoas abscess. Prominence of first lumlu 
vertebra. Great pain and tenderness »" 
that part; she could not be touched I or 
moved without crying out. General beau 
very bad. 

Remarks 

Henry W., 24 . 

Mary P., 25. . 

Op., Oct. 11, 1878. 
Dis. May 17, 1879. 
Result, cured. 

Op., May 5, 1879. 
Dis., April 1880. 
Result, cured. 

Op., Feb. 6,1880. 
Dis., Sept. „ 
Result, cured. 

Op., June 20, 1879. 
Dis., July 1880. 
Result, in process of 

cure. 

Op., Oct. 7,1880. 
Result, cured. 

Psoas abscess, which had not yet passed into 
the thigh. Considerable angular curva-
ture of the lower dorsal and upper lumbar 
vertebras. 

Psoas abscess pointing in the thigh. Had 
noticed pain over the second and third 
lumbar vertebras for twelve months. 

Curvature of the spine chiefly in the lumbar 
region. Psoas abscess. Pain in back. 

\ 
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Another case was admitted during these years, a little child 
with psoas abscess. This was opened aseptically, but the parents 
insisted on removing the child 3 days after the operation, for no 
apparent reason. As of course such a case could not be of any 
value in regard to the effects of treatment, I have not included 
it in the list. 

We have thus 37 cases of abscess connected with disease of 
the spine treated by free incision and the insertion of a drainage-
tube under strict aseptic precautions. Of these 23, or 62-1 p. c., 
were certainly cured. This figure does not however represent 
all the cases which recovered, for several of. the patients left 
hospital continuing the aseptic method, and I see no reason why 
these did not also recover. I would thus consider that 4 other 
patients (Nos. 3, 7,18, and 36) were probably also cured, giving a 
total of 27 cures, or 72-9 per cent, of cures. 

Of these 37 cases 4 died in hospital, and 1 is known to have 
died soon after leaving hospital, giving 5 known deaths in 37 
cases, or a mortality of 13-5 p. c. But it may be said: 'The 
cases which putrefied and were discharged also died ; ' and no 
doubt some of them did. Reckoning these cases therefore as 
also cases in which a fatal result ultimately occurred, we should 
have 9 deaths in 37 cases, or a mortality of 24-3 per cent. We 
know however that this percentage is too high, for the boy 
No. 28 was improving in general condition when he was last 
heard of, and he very probably recovered, and the result in 
No. 16 was by no means certainly fatal. 

If we enquire into the causes of death we find, that some of 
them must necessarily be present in a certain number of these 
patients. Thus Nos. 12 and 24 died of phthisis, while No. 21 
died of exhaustion, and on post-mortem examination there was 
found most extensive disease of the spinal column, so extensive 
and of such a nature that the chance of recovery under any 
circumstances was exceedingly minute, if indeed it can be said 
to have existed at all. No 5 died of a cause quite independent 
of the lumbar abscess; indeed this case ought to be reckoned 
as one which was cured of the lumbar abscess, but which died 
from another cause before leaving hospital. The case shows 
very well the dangers of a septic as compared with those of an 
aseptic wound; for for months the patient had had an open 

wound treated aseptically without any bad result, but he did 
not have a septic wound manv rl™« w v 
erysipelas, of Ihich the paTent died. ^ * ™ ^ ^ * 

The cases in which putrefaction occurred show very well the 

where p e p t i c method 
out. If we look at the causes of failure we shall see t S H n 
one or two eases there was good reason for it. ThnS in No 

this instance was that the « ^ f ^ 
dressing and conveyed putrefaction to the wound before the 

Then in Nn 9« ., ? g t r o m t h l s c a u «e m future. 
• deformity^f'the 

we have two eases in which no explanation is given Z 16 and 

J g s n i ^ t t s r a s s f i s 

t h e m ° r e r t * u l a r Progress of the last cases. For, if we 



look at the results since 1875, we find that 73-3 per cent, of 
the cases were certainly, and 80 per cent, probably, entirely 
cured, as against 59 per cent, of certain, and 72*7 per cent, of 
probable, cures in the preceding four years. But this does not 
yet give a true idea of the present probabilities, for of the two 
cases which proved fatal since 1875 one died of an unavoidable 
cause—phthisis—while in one putrefaction occurred under 
circumstances which would not now happen, viz. the absence of 
a fairly trustworthy substitute for carbolic acid. The results of 
the last few years, both in hospital and private practice, shew 
that in a patient not affected with phthisis or other dangerous 
malady a cure is in the highest degree probable.1 

If we look at the cases which recovered, we see that what 
I stated at p. 519 is true—that the effect of opening a large 
abscess aseptieally and keeping it freely open by means of a 
drainage-tube is not a severe attack of fever, nor profuse 
suppuration, nor hectic fever, but is the relief of the patient 
from any hectic symptoms from which he was previously 
suffering, and his rapid return to a normal state of health 
without any suppuration from the abscess cavity. The change 
wrought in these patients is very remarkable. Some have been 
brought into hospital in a very feeble and emaciated condition, 
apparently rapidly dying, and yet in a few days after the abscess 
was opened they recovered their appetite, they rapidly put 
on flesh, and soon gained an appearance of robust health. The 
cases which were cured were not cured after a weakening con-
finement to bed, but, when they left their beds, they were in 

1 With reference to all the cases mentioned, I need hardly point out that 
the results obtained during a number of years in which a method is being 
developed do not give the present probabilities of succcss. The asep'ie 
method is much more perfect at the present time than in 1872, and therefore 
the failures in the earlier period reduce the average results. It is only by 
failures that advance is made, and the failures in the earlier period have led 
to improvements which avoid these errors in future. For a very simple 
example of this look at Case 1 of the psoas abscesses, where the failure led to 
the selection of a better position for making the incision. In the same way 
other failures led to the wetting of the deepest layer of gauze, to the use of an 
clastic bandage, &c., and it is only the results since these improvements which 
shew (he present state of matters and which now give those who employ this 
method great confidence in it. 

good health and strong, while when they were admitted they 
were m some cases miserable, weak, emaciated creatures 

I ns success after opening spinal abscesses aseptieally has 
been obtained by several surgeons who have used the method 
carefully while, on the other hand, surgeons who h a s t e n 
apparently successful with other wounds have failed Z these 
This is the case m which perhaps of all others faulty man pula 

z r t i a S v ^ F o r i n ? o r d i n a i y w o u n d ' - * 
seen the healthy tissues may destroy causes of fermentation 
should they accidentally enter the wound but m l 
cavity like this, such destruction will „ S ^ J J s ight error which might not matter and might escape not c in 
he case of a wound, will entirely upset the result here The e 

cases are reallv tests a<j t^ «4, «¿v. jnese 
versed in the 
able t „ ^ m s u e c e s s i n i . : 
venture on operations of convenience, such as n L v ! 
on joints, in which failure is apt to he f T V ? * * " 
consequences, nor ought he Z Z l l o ^ i ^ 

as telling for or a g a i L the a s e p t i f s ^ 1 1 8 " 

in the history of this subject r e f o l d * t o 2 ' " " i 

I believed that I had never seen n ™t , a g ° 

= n g of l n b „ o r a ^ e r S r C i n ^ ^ 

Si h a d T e S e r sir^f
died 

opened with complete im ^ e a r s W known such abscesses 
' there b t ! ^ ^ ! - 1 ' " " " i ® treatment; and 

difference (^resulte * * - c o u n t for the 



CHAPTER XXI . 

RESULTS OK ANTISEPTIC S U R G E R Y — ( c o n c l u d e d ) . 

General consideration of the results. Results of the various methods in saving 
life. Results in avoiding infective disease. Cleanliness : definition of the 
term: Mr. Savory's definition and method : cleanliness has not abolished 
infective disease even in healthy hospitals: cleanliness is a complex 
method : infective diseases may appear even in the best hygienic condi-
tions. The source of infective disease. Conclusions as to the value of the 
various methods in preventing infective disease. Deaths f rom prolonged 
suppuration after chronic abscesses, compound fractures, &c. Operations 
on weak or diseased individuals are rendered possible by the aseptic method. 
Operations otherwise unjustifiable, but nevertheless necessary for the 
recovery of the patient, may be safely done by the aseptic method. The 
patient may be made a more useful member o f society: joint cases: 
tenotomy, &c . : compound fracture: dangers of operations of convenience. 
Local results of wounds treated aseptically : absence of pain, inflammation, 
&c . : experiments of Yeo and Ferrier : organisation of blood-clot, catgut, 
sloughs, &e. Histological details of the process : Tillmann's experiments. 
Temperature in aseptic cases : contrast with septic cases. Local and con-
stitutional course of cases not treated aseptically. Objections to 
aseptic surgery: carbolic acid poisoning: the surgeon is said to neglect 
the constitutional state of the patient: expense: trouble: necessity for 
the spray. Conclusion : great principle of wound treatment is Rest. 

WE are now in a position to consider the points referred to at 
pages 365 and 366, and first as to the results of the various 
methods in saving life. 

In Chapter XVII . I have brought forward a mass of evidence 
to show what are the results of the various methods in avoid-
ing infective disease, and I must now refer to this evidence 
very shortly. We have seen that the aseptic method, when 
efficiently carried out, has practically abolished infective dis-
eases, and that this result has been obtained whether the 
hospital was one in which these diseases were only present in 
small amount, as in Edinburgh, or whether it was one in which, 
from some cause or other, they were rife ; where the hospital 

was, as it is said, infected. We have also seen that none of the 
other forms of antiseptic surgery give the same certainty as 
regards the result, and that the absence of infective diseases 
increases in direct proportion to the increase in asepticity of the 
wounds. I have merely to recall the facts from Mr. Lister's 
own practice, which show the difference in the results of aseptic 
treatment and treatment by antiseptics carried on by the same 
surgeon m the same wards, during the same time, in cases 
more or less severe. ( I cannot say < of equal severity,' because 
the cases treated aseptically were, taken as a whole, much more 
severe than those treated with antiseptics.) The proportion of 
infective diseases was four times as great in cases treated with 
antiseptics as m those treated aseptically. But it must further 
be noted that the two cases in which the aseptic method was 
employed and which died of infective diseases, were both 
cases m which, through error in the manipulations, an aseptic 
result was not attained >; they were, in fact, septic cases. And 
so i may be truly stated that in n* case m which the aseptic 
method was efficiently carried out, i.e. where fermentation and 

Z Z 7 a m T T e ahsmtf™th* ™und, did the patients 
suffer from blood-poisoning. In other words, the aseptic 
method when efficiently carried out, was, in Mr. UstJe Z Z 
hce effectual in entirely preventing infective diseases 

oimilar evidence is furnished by Volkmann, Nussbaum and 
o ers to the effect that in the very few cases i which infective 
dtseases occurred faulty manipulation could be shown, and this 

further proved by the facts that these cases occurred at the 
wmmencement of the trial of aseptic treatment, while as ye 
he surgeons were learning the method, and that since thev 

d t ; P e e a r ; g h l y V e r s e d i n i t S U S e t h e s e d i s e a s e s ^ 

w T P F l i e d d i e d o f i s f e c t i v e 

to faulty manipulation * & ^ ^ ^ ^ ^ u n d a n t l y shown, 

sipelas Tlu J , , S r G q U l r e d t 0 P r e v e n t the occurrence of ery-
T h C f ° l l 0 W m g 18 t h e explanation which I would give of this f a c t . 



The other methods of antiseptic surgery are powerful in 
this respect chiefly in so far as they prevent or interfere with 
the occurrence of fermentation in the discharges of wounds. 
And hence it is that among the best means, not entirely aseptic, 
for accomplishing the purpose aimed at, are treatment by irriga-
tion and the water-bath, or the very free use of suitable anti-
septics. The open method and free drainage are also useful, 
though to a less extent. 

It has been asserted by some writers, more especially by 
Mr. Savory, that the good results following the use of aseptic 
methods were due to cleanliness, and that equally good results 
are obtainable by cleanliness, combined with good ventilation, 
&c., as are got by the Listerian method. By the term cleanli-
ness, as ordinarily employed, is meant the cleansing of in-
struments and sponges, in some cases the use of new sponges 
at each operation and of fresh instruments in the dressing of a 
case, plenty of water to wash the wound with, the use of fresh 
and clean dressings, and great care in the ventilation of the 
wards. Combined with these is careful nursing, good surgery, 
good hygienic conditions, &c. Mr. Savory, however, defines it 
as 'the prevention or removal or destruction of all matter 
which may prove poisonous,' and this definition corresponds to 
some extent with the meaning of the term ' antiseptic surgery' 
as employed in this work, though I have limited it to the 
methods which interfere with the production of these poisonous 
substances, rather than to those which neutralise their effect 
after they are formed; and I have also defined more clearly 

There seems to be little room for doubt that erysipelas is a disease due to the 
growth of micrococci in the skin and subcutaneous tissue, more especially in 
the lymph channels. Now, as we have seen, one form of micrococcus enters 
aseptic wounds comparatively readily, more readily than other forms of 
organisms. W e have no absolute evidence, however, that it is only one 
form of micrococcus which can get in in the manner described in Chapter XII. 
and it is by no means improbable that the form which causes erysipelas 
might enter with considerable facility. Where, therefore, a wound is guarded 
altogether against organisms, erysipelas is avo ided ; but where care is suffi-
ciently relaxed to let in micrococci, it is possible that the micrococcus of 
erysipelas may also enter, though the causes of other infective diseases are 
excluded. That they cannot enter so easily as the micrococci previously alluded 
to is proved by the absence o f erysipelas in the practice of those who use 
this method most carefully. 

hat the nature of the enemy iS with which we have to contend 
Ihe mode m winch M , Savory proposes to meet the require-
ments of his definition is the following: 'Taking a case s,v 
of amputation through, the thigh, or o f excision o ' f lhe b r ' e S ' 

should treat the wound in the way following. Having care 
fully arrested all hemorrhage, using most probablv " 
bolised catgut ligature, and having gently removed 2 
particles of blood-clot that may h a v e M g e d ' ' o n T u r f ^ f 
employing only clean water or sponges just rinsed out of it i 
•should, without any further interference with the surface of 
wound bring the edges together, adapting these as nice y as 
possible with silver-wire sutures. I should not in any way 
attempt to close the wound completely, but I should leave 
spaces between the sutures, perhaps from one to < T M e ! 

a " L h sMne' oTTt t h°U H 1 t h e W ° U n d a n d fOT S ° m e ^ on each side of it I should place a layer of folded lint which 
had been previously well soaked in olive or almond oil conta n 
2 ™ part in about 50 of carbolic acid. Over this agafn l 

out cotton wool; so arranging this as, by gentle and equable 
„ t o secure without any violence, as^ar as p r a c S l 

u ZZ I " 5 a t l ° n ° f t H e S U r f a C 6 S ° f t h e t rough-out, avoiding thus any considerable cavity in the interior I 
should secure all this by strapping or bandage, or both so 
adjusting these that they may be hereafter removed with the 

r i e r r e - f 1 t o u i d p i a c e t h e ^ - u " d n the most comfortable position possible, having especial Is HI r f Hids' r form' ̂  "S! 
horns Hb. 1 n 0 t , d l S t U r b t h i s arrangement for forty-eight 
hourS, although very often I change the dressing and inspect h T h T u t f T t W : f y ' f 0 U 1 ' - * ' ' "̂ he dressings are removed 
i W ted T ^ f " 6 8 8 ' ^ ^ S t a t e ° f t h e W o u n d — f u l l y 
^ L J T T 7 ! ^ ^ ^ ^ t 0 whether there is 
f o i l 7 , , l 0 d g m e n t ° f fluid; Aether that which 
2 e e S X i ? r e e l y ; J h e t h e r t h 6 r e i s m u c h tension of the 
tbat nf ' W ° U n d P r e s e n t e d n o other evidence than 

t S 7 T 1 " ' 1 S h 0 u l d d ^ ^ as before, and pro-
C e n t v I0"' d : e S S m g a n d e X a m i n i " g daily or less frequently, according to circumstances. But if at the first 



dressing, or at any time afterward, the discharge became at all 
profuse, or the surfaces did not remain in contact, or there 
were much «tension or a blush at the edges, I should forthwith 
substitute a bread and water poultice for the previous dressing, 
and probably continue to employ this until at least all the 
deeper portion of the wound had closed. When I dressed the 
wound, I should wash it probably from the first with tepid 
water, perhaps containing some permanganate of potash in the 
form of Condy's fluid, or other potent antiseptic of the least 
irritating kind. I should accomplish this, washing out, if I 
thought fit, portions or even the whole of the interior by the 
use of a syringe, avoiding contact of sponges or other substances 
with the wound. I aim here at the utmost possible cleanliness, 
having at the same time due regard to the avoidance of any 
unnecessary disturbance, that the process of repair be not in-
terrupted. And withal I endeavour, by means I need not 
indicate, to secure for my patient the most complete rest and 
the purest air.' Such is the way in which Mr. Savory proposes 
to carry out the ' prevention or removal or destruction of all 
matter which may prove poisonous.' I do not intend to discuss 
whether or to what extent this method will succeed in fulfilling 
these requirements ; I leave that for the reader of the preceding 
pages to decide. I quote it as showing what the best surgeons 
mean by the term ' cleanliness,' and it will be seen that Mr. 
Savory's description of treatment by scrupulous cleanliness 
does not materially differ from what is ordinarily understood by 
that term. 

I must now proceed to inquire whether this cleanliness1 is 

1 I t is t o o much the fashion a t the present t ime t o assert that cleanliness, 
as the term is n o w employed, existed long ago, and to speak of it as an ex-
planation of the results of the aseptic method which has been overlooked 
b y Mr. Lister. On the contrary, cleanliness as at present understood is one 
of the leading developments of Mr. Lister 's writings. The disinfection of 
instruments, sponges, &c., is the leading feature of his system, and was not 
attended to be f o re he wrote . The avoidance of silk ligatures by the use of 
catgut ones is due entirely to h im, for , though catgut had been tried before, it 
had fai led, and i t was n o t t i l l Mr. Lister discovered how to prepare it that it 
was of any use. Drainage also, though introduced long ago, and again brought 
into not ice by Chassaignac, was very imperfect ly used till Mr. Lister worked 
wi th it, showed its importance, and demonstrated the best m o d e of employing 
it. Cleanliness in the c ommon acceptation of the term is not a feature of 

aseptically, and of those treated with antisettica T 

1 380) Before he employed it he had used cleanliness in its 

1 r S t n k m g 5 1 6 0 6 0 f ° ° derivable 
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from Volkmann's experience, is that with regard to the use of 
thymol (p. 404), showing that where the antiseptic employed 
was inefficient the surgeon might take the most scrupulous pre-
cautions with regard to cleanliness and yet fail to exclude 
infective diseases. 

Similar evidence was brought forward by Professor Nuss-
baum (p. 393), and his testimony is the more striking as it is 
clear from his residts in the country hospital that he really had 
been treating his cases with ' scrupulous cleanliness' before he 
introduced the aseptic method, and yet his patients were dying 
in large numbers from infective diseases in the hospital in town. 
Nevertheless as soon as the Listerian method was introduced 
these diseases at once ceased. That in his practice ' scru-
pulous cleanliness' when thoroughly carried out was without 
effect is still better shown by the fact to which he alludes, viz. 
that even after years of aseptic work with absence of infective 
disease, these diseases, of as violent a type as formerly, were 
apt to attack wounds not treated aseptically. Many other facts 
bearing on this subject will be found in Chapter XVII., and I 

• need not recapitulate them here. 
It follows from what has gone before, that a method which 

is ineffectual under unfavourable circumstances has only a limited 
usefulness when they are favourable; for, as soon as from any 
cause, accidental or otherwise, the circumstances become 
unfavourable, the method becomes ineffectual. In truth 
cleanliness alone is no method. To be effectual it must be 
combined with careful nursing, efficient ventilation, good 
hygienic conditions, careful medical treatment, good surgery, and 
so forth. Remove one of these conditions, and in proportion to 
the importance of the factor displaced does the treatment become 
ineffectual. What the aseptic method does is to substitute a 
unity for a complexity, and thus to render the patient indepen-
dent of any disarrangement of a number of factors. Exclude 
the causes of fermentation from wounds and, as the evidence I 
have brought forward abundantly proves, you at the same time 
exclude the causes, whatever they may be, of infective disease. 

With the exception of a few extremely rare cases which may 
be left out of discussion, the causes of infective disease enter 
the body through a wound. If therefore these causes be 

excluded from the wound, they may be abundantly present in 
the surrounding air, and the patient may be in a fit condition or 
m other words, may be a favourable soil for their reception, but 
nevertheless he will remain safe. And thus the surgeon has a 
feeling of certainty that in spite of the condition of the sur 
rounding air, or the receptivity of the patient, the latter is safe 
so long as the means employed to exclude the causes of infec-
tive disease prove effectual. On the other hand, aim merely at 
rendering the causes of infective disease inert by a number of 
isolated precautions, and the failure of any one of these from 
causes overlooked or unknown renders the patient liable to be 
attacked. There is no certainty, no security, in such a method. 

I hat a patient is liable to be attacked by pyemia and other 
infective diseases,even under the most favourable circumstances 
when he is not treated aseptically, is most beautifully shown 
by Mr. Holmes'experience at the Wimbledon Hospital, and I 
do not think that I need apologise for quoting his words in 
detail. In order to test whether operations would succeed 
better m the country than in the town, Mr. Holmes operated 
on two patients at Wimbledon. < I commenced,' says he, < with 
two cases which seemed to me to be very appropriate for the 
experiment One was a middle-aged man suffering from chronic 
disease of the tarsal bones, a perfectly healthy individual who 
had never, as far as I could find, had any serious disease in his 
hfe, and certainly never suffered from erysipelas. The other 
was a man broken down by all kinds of dissipation, and, no 
doubt, to a certain extent a bad subject for an amputation, but 
otherwise there was nothing very remarkable about the case 
1 sent these two men down to Wimbledon, and performed 
amputation on both on the same day, a few days after their 
admission into the hospital. They were treated in separate 
rooms, neither room having been used before; one was in one 
ot the wards of the hospital, the other in one of the private 
rooms. They were separate from each other, but attended by 
the same nurse; otherwise they were in exactly the same con-
d-tions as a man would be in private practice. The rooms were 
utuely iree from all possibility of contain ¿nation. They were 

not attended by medical students at all, but by the resident 
1 êe the debate on Pyemia. Transactions of the Ccinical Society, 1874. 
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medical officer of the hospital. There were no other cases in 
connection with them whatever, and all the other cases in the 
hospital were simply convalescent cases. I never saw two cases 
more likely to do well. One of them was certainly a case of 
amputation which anyone would have expected to recover, 
merely Syme's amputation for chronic disease. Both of these 
people died, one of pyaemia, the other of erysipelas. The 
erysipelas did not attack the stump at all, but simply the head. 
This appeared on the fourth or fifth day, and was followed 
shortly afterwards by sloughing of the skin of the back to an 
enormous extent, a piece as large as a soup-plate sloughing a 
few hours before his death. The patient died on the fifth day 
after amputation. The other man died on the seventh day from 
pyemia.' Argue over these cases as you like, they simply shew 
that the contention that cleanliness, isolation, and so on, are 
sufficiently protective against infective disease is incorrect, for 
by these methods some unknown factor may be overlooked and 
the patient become infected. 

During the debate at the Clinical Society, evidence to the 
same effect was brought forward by a number of speakers. 
Thus the president, Mr. Prescott Hewitt, mentioned the occur-
rence of pysemia in his private practice in twenty-three cases. 
Mr. Hutchinson also brought forward evidence to show ' that, 
pygemia is extremely common amongst the lower animals, and 
it occurs amongst them when they are not croivdecl in the least, 
but when they are, •placed under the most perfect hygienic con-
ditions.'' Mr. Charles Hawkins mentioned that an outbreak of 
phagedena occurred in St. George's Hospital in the ward at 
the top of the house, ' in the best ventilated and best placed 
ward in the hospital.' Sir James Paget stated that pyemia 
was as common in private as in good hospital practice. He 
says, after enumerating several cases:—'I therefore come to 
the very clear conclusion that there is really nothing, I will not 
say in any hospital, but nothing in a well-managed hospital, 
which contributes to the production of pyaemia.' Dr. Barnes, 
who had been for some time physician to the ' Dreadnought,' 
referred to a great improvement which had followed the aban-
donment of sponges, and the substitution of fresh tow for the 
cleansing of each wound, and the avoidance as far as possible of 

he transference of any contaminating material from one patient 
to another. Mr. Croft, who had been surgeon to the < Dread -
nought, said with regard to the permanent effect of these 
improvements: ' I know that after some alterations had been 
made m the state of the hospital, an improvement took place 
in the number of cases of erysipelas, pyemia, and phagedena, 
but, after a time, while Mr. Tudor was there-J am sure if he 
were here he would bear out what I say-both pyemia, 
erysipelas, and hospital gangrene were rife.' 

I need not quote other facts mentioned there and elsewhere 
to shew that cleanliness, free ventilation, &c , are not by any 
means perfect protectors against pyemia, but are liable to 
become ineffective from a variety of causes. I do not of course 
mean to deny or detract from the value of cleanliness and good 
hygienic conditions.' On the contrary, they are most excellent 
and do much to abolish infective diseases, more especially if 
they are associated with free drainage, and chiefly, I believe 
with the open method and antiseptic irrigation. My argument 
merely is, m the first place, that however well carried out they 
do not even in the most favourable cases protect the patients 
entirely from risk, more especially in operations, such as on the 
bones, which are particularly liable to be followed by pyemia • 
and m the second place, their success is so much at the mercy' 
of numerous disturbing causes, many of them unknown and 
therefore to a great extent unavoidable, that they cannot form 
anything like a guarantee against the occurrence of infective 
disease. No one could say of any individual case so treated: 
I have no fear that you will die of infective disease, unless you 

are one of those rare individuals who apparently get pyemia 
spontaneously: indeed you need not take the danger of infective 
disease into consideration.' On the other hand, with the aseptic 
method, whether the operation be conducted in an 'infected' 
Hospital, or performed on parts particularly liable to be fol-
lowed by blood-poisoning, there is practically, as the evidence 

w h l i ? 0 V \ ° f ? U f S e m e a n t 0 d e n y A a t good ventilation is useful even 
where asep ic treatment is carried out. Good ventilation has been shown to 
b essential for health, and it therefore ought to be carried ou as i a r as 
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brought forward abundantly shews, security against its occur-
rence. 

The explanation of these facts has been furnished by various 
writers, and as Mr. Savory has, in his speech during 
the debate on Pyaemia and at the meeting of the British 
Medical Association at Cork, summarised the points which are es-
sential for understanding the modus operandi of antiseptic sur-
gery, and for showing the necessity for truly aseptic treatment I 
may quote what he says : < We may take a decomposing fluid, 
inject it into the blood, and produce all those effects which are 
generally recognised as the effects of pyaerma.' The poison 'is 
formed during the decomposition of animal fluids, animal fluids 
m connection with the living human body.' ' Decomposition is 
unquestionably hastened by exposure ' to air. ' Most of all, the 
introduction of other matter in a state of active decomposition 
increases vastly the rate of decomposition of the original fluid ' 
This decomposing fluid 'can, by a syringe, be introduced at 
once into the blood of an animal, and produce the most terrible 
forms of blood-poisoning.' ' As we have been already told, the 
not unhealthy pus, normal pus, may be injected into the circu-
lation, and you do not get as a necessary result, by any means, 
pyaemia. But pus is an animal fluid, which, of all fluids is' 
most likely to be found in contact with wounds, and, obeying 
the law of exposed animal fluids, is exceedingly likely to 
undergo decomposition; and then pus, undergoing decomposi-
tion, will produce pyaemia, as any other fluid will produce-
pyaemia which is in a state of decomposition.' ' Take pus • you 
do not want to go to decomposing vegetable and other animal 
fluids; you may do it with them, but take pus, and with it I 
could make a case of pyaemia or septicemia according to order, 
by the length of time which I kept the pus before I injected it; 
and I know very well, in experimenting on this subject, one 
may produce all degrees of the disease, and may say that the 
chances of getting secondary abscesses are in direct ratio to the 
length of time an animal lives after it has become inoculated with 
the poison. When the poison is thoroughly septic, when you 
have that terrible substance which Dr. Burdon-Sanderson has 
shown us how to get in the peritoneal cavity of an animal, the 
blood becomes so poisoned and spoilt that it kills outright, and 

there is no time for the secondary effects to supervene.' And 
then how is it that this fluid can be in contact with granulating 
surfaces, and yet the patient be free from all symptoms? 
Simply because the granulations protect the patient against 
the absorption of the 'terrible substance' in contact with them. 
There are other reasons which I need not mention here, but 
the most powerful is that which I have just stated. I again 
quote Mr. Savory: 'The best work done in late, years in this 
direction are those experiments which Billroth and other 
persons have performed, showing that where granulations are 
healthy, when they exist in their integrity, they offer a decided 
obstacle to the passage of the material from without to within • 
but when these granulations become destroyed, either mechan-
ically or by other means, whereby they are brought into an 
unhealthy state, these fluids pass with fatal facility through 
them and so gam entrance into the blood.' I have already 
demonstrated that the decomposition of organic fluids and 
tissues was dependent on the introduction of particles into them 
from the outer world, and that these particles are bacteria or 
their spores. The latter point is not absolutely essential for 
the question at issue, indeed Mr. Savory sums up the essential 
points as follows in his address at Cork. ' I turn away from 
any farther inquiry as to the nature of these septic particles 
It is enoiigh for us that they are septic; that they can pro-
duce and promote putrefaction; and further, that fluids so 
changed by them may provoke those terrible effects which are 
only too luell known as blood-poisoning: 1 

I do not pledge myself to all Mr. Savory's conclusions, more 
especially where he states that he can get pyaemia and septi-
cemia according to the length of time that the decomposing 
fluid has been kept or that the animal has lived after inocula-
tion ; but the statements taken as a whole reflect fairly well the 
present state of knowledge on this subject, and are sufficient ex-
planation of the results of the different varieties of antiseptic 
surgery m regard to infective disease. They shew that no pre-
cautions which do not entirely prevent the growth of organisms 
m wounds can be trusted to remove the patient altogether from 
the risks of blood-poisoning, for if organisms are not entirely 

1 The italics are mine. 



excluded from wounds, and if these wounds are not very care-
fully drained, fluids may be confined in the deeper parts of the 
wound and there undergo decomposition. The use of a bread 
and water poultice greatly facilitates the putrefaction of the dis-
charge ; and thus it comes about that a patient so treated is 
practically only protected from the ' terrible poison ' in his 
wound by a thin and delicate layer of granulations. If these 
remain whole and healthy all may be well,1 but if from some 
injudicious movement this layer is ruptured, or if from some 
other cause the granulations lose their vigour, then the patient 
is liable at any moment to the entrance of the poison into his 
circulation, and to the consequent dangers. 

Mr. Savory considers that the term ' antiseptic surgery' is 
synonymous with the term < good surgery.' I would ask, if it is 
good surgery to leave apatient subject to the risks just mentioned, 
and dependent for his safety on a number of factors, any one of 
which may fail to act and upset the remainder; or whether it 
is not better surgery to keep away altogether from the wound 
the causes of the formation of this < terrible substance,' and 
thus make the patient independent of the numberless accidents 
which might render him liable to the absorption of the poison, 
if it. were already present. Cleanliness, isolation, ventilation, 
poultices, drainage with gutta-percha tissue, &c., may be very 
excellent when suitably combined and carried out, but, as I 
have already pointed out, this is a system so complex and so im-
practicable as to be incapable of providing a satisfactory safe-
guard against infective disease; it is not the simple thing 
which some hold it to be. The true simplicity, I again say, is 
where there is only one factor tobe considered, as in the aseptic 
method. 

I do not intend to enter in this work into the discussion of 
the germ theory of infective disease at all. To do so thoroughly 
would require much more space than I have at my disposal; 
and further, its discussion might tend to obscure the real prin-
ciple which is at the basis of antiseptic surgery ; for, as I have 
already pointed out, the tendency in the present day is to bring 

1 This does n f ¡ by any means always follow, for some forms of micro-
organisms may be able to penetrate through healthy granulations, and produce 
infective disease. 

prominently forward the germ theory of infective disease, and 
thus lose sight of the real points at issue. For my own part 
I consider that the evidence in favour of the germ theory of 
infective disease is overwhelming, and I constantly admire the 
temerity of those who, often through ignorance of the present 
state of Knowledge on this subject, ridicule it and speak of it 
as far from proven. It is sufficient, however, for our purpose 
to recognise that when the precautions taken to exclude 
micro-organisms are successful, the causes of infective disease 
are also excluded. This is an absolute rule. Look at any of Mr 
Listers cases which went wrong; they only did so after fer-
mentatmn had occurred in the wound, after the aseptic method 
ad tailed to exclude micro-organisms. And so we may draw 

this rule, that if organisms are absent from a wound, that 
wound having been properly examined, the patient is prac-
tically safe from the occurrence of infective disease. If, how-
ever organisms are present, he may become liable to these 
affections from causes depending on a variety of accidents 
which we cannot consider here. This we may accept without 
m any way adopting the view that bacteria are the causes of 
infective disease, for all that we need hold is, that the pre-
cautions necessary to exclude bacteria are sufficient also to 
exclude the causes of infective disease. 

That the aseptic system, of all the methods of wound treat-
ment, is the most certain and perfect protector against infective 
d sease is perhaps even more strikingly shown by the results 
0 operations on healthy joints and bones, which are, under 
other systems, particularly liable to be followed by infective 
d . ase Such operations have been justly looked mi as pecu-
liarly dangerous, and as only warranted under exceptional 
circumstances while it is also pretty universally conceded that 
1 they can be performed subcutaneously, i.e. more or less 

aseptically, the danger becomes much less. No other system, 
however not even the most scrupulous cleanliness and the 
most perfect ventilation, has ever enabled the surgeon to cut 
freely into healthy joints or to operate on healthy bones, and 
io keep up a communication between the external air and the 
mjured bone or joint, without incurring the greatest danger to 
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And je t the reader has only to turn to Chapters XVIII. and 
XIX. to see that such operations can be done with safety under 
aseptic precautions. As I have already discussed these facts 
in detail, it would be mere repetition to dwell on them here. 

We have thus applied crucial tests to the various systems, 
with the view of ascertaining to what extent they may be de-
pended on as barriers against infective disease, and we have seen 
that the aseptic method is the one which has done most in this 
direction, and, indeed, that under certain circumstances it is the 
only one which can be depended on at all. It follows from 
this that, as it protects against pyaemia, even in the worst cir-
cumstances, it will be equally certain under more favourable 
conditions ; and as we have seen that no other method of treat-
ment is anything like an absolute safeguard against infective 
diseases in cases liable to be attacked by it, and as these 
diseases may occur, as we have just shown, even though rarely, 
under the most favourable conditions, it follows that unless any 
sufficient reason exists against its use in any particular instance, 
Listerism1 ought to be employed, as far as possible, in all 
cases, and where it is not applicable the most strenuous at-
tempts ought to be directed to the limitation as far as can be 
of fermentation in the wounds, and to the avoidance of any 
disturbance such as movement, or anything which tends to 
make the granulations unhealthy and thus render the patient 
liable to the absorption of the products of fermentation. 

But death after operations and wounds is not only due to 
infective disease, it may occur as the result of exhaustion, 
hectic fever, &c. Among these the most important are the 
deaths which ensue as the result of prolonged suppurations, 
most strikingly seen after opening chronic abscesses connected 

1 I need hardly repeat what I hope I have already made sufficiently clear, 
that there is a difference between the terms ' Listerism' and the ' Listerian 
method.' Listerism is the great principle of wound treatment introduced by 
Mr. Lister, a principle which may be applied in various ways. The best mode 
of application of this principle is that worked out by Mr. Lister himself and 
known as the Listerian method. Some surgeons have introduced various 
modifications of the method, but they still practice Listerism, though not 
strictly the Listerian method. That the Listerian method is the best mode at 
present known of carrying out Listerism cannot be doubted. 

with carious vertebrae. In this case we have a chronic disease 
of the bone, which has led to the formation of an abscess in 
connection with it. The cause-the chronic disease of the 
bone which primarily led to the formation of the abscess, was 
not very active, and thus the abscess was chronic in its com-
mencement, i.e. not attended with any marked symptom of 
inflammation; the causes-the chronic bone disease and the 
tension exercised by the pus already formed on the walls of the 
abscess cayity-which induce the continued formation of pus 
act very slightly, and thus the abscess increases but slowly 
and if the inflammation of the bone cease and the pus be not 
very tensely confined in a sac, it may become a cheesy mass or 
even be entirely absorbed. As a rule, however, there is suffi-
cient tension on the walls of the sac to lead to continuance of 
the pus formation, steady though slow increase of the abscess 
and maintenance of the bone disease. So long as the skin re' 
mams unbroken this abscess increases very slowly. If now the 
pus be withdrawn by means of an aspirator or by a trocar and 
canula, and no causes of fermentation be admitted, it may 
happen though in truth very rarely, that there is no reaccumu-
lation of pus, the residue which was not removed by the aspi-
rator is absorbed, the cavity closes, and the disease is cured 
In some cases repeated aspirations are necessary to secure this re-
sult, but in the majority of instances the abscess steadily increases 

size and must at last be opened, or bursts externally. And 
now if no care be taken to exclude the causes of putrefaction, 
the state of matters becomes very different from that which 
existed before the skin was broken. As we have already seen, 
and as the behaviour of the chronic abscess so long as the skin 

to : ; r ° k e n , a b l m d a n t l y has no inherent tendency 
to undergo fermentation. We also know that the gases of the 
n cannot induce fermentation, but that particle? in the air 

l l d S r surrounding objects can. If the abscess is 
opened without sufficient aseptic precautions, of whatever kind 

Gy i e ' t h e s e P a r t i c l e s gain admission into the pus in 

acHori T f k C a r i t y ' a n d ^ t h 6 r e C a n h 6 r e b e n o destructive 
o ur m / t lSSU6S ° n t , 1 6 S e P a r t i d e s ' M e n t a t i o n 
but u I / • ? f e r m e n t a t i ° n o r *<* be putrefactive, 
but whatever it be, its products are always more or less chemi-



cally irritating ; and the effect of the application of irritating 
chemical substances to granulations is to cause them to suppu-
rate. Further, these irritating chemical substances—the pro-
ducts of this fermentation — are not. transiently applied but are 
constantly present day after day in contact with the granula-
tions, for as we have seen, the ' vital ferments ' have an in-
definite power of multiplication, and thus there is a constantly 
fresh supply of the irritating products. The result is the pro-
fuse suppuration which constantly follows free incisions into 
these abscesses, and the consequence of this prolonged and free 
suppuration is hectic fever, exhaustion, waxy infiltration and 
degeneration of various internal organs, and ultimately, in the 
great majority of cases, death. On the other hand, prevent the 
entrance of micro-organisms, as I have shewn can be done by 
the aseptic method, and the pus. remains as unirritating as 
formerly There is no more reason for great formation of pus 
after than before the abscess was opened ; indeed, the granu-
lations are relieved from the tension of the pus, and are there-
fore less irritated than before and secrete less. And then in 
a few days the greater part of such an abscess cavity closes by 
adhesion of the granulations, and only a sinus is left leading to 
the seat of disease. But the granulations lining this sinus do 
not suppurate because they are not irritated, and hence all 
that happens is a slight transudation of serum, perhaps not a 
couple of minims in a week, and this continues till the disease 
is cured and the sinus can close. Thus, during the treatment 
the patient is not exhausted by profuse discharge, while he is 
relieved from the presence of the abscess, which by the tension 
of its contained pus was keeping up the chronic inflammation 
of the bone and was a source of constitutional irritation. And 
thus we constantly see that, where such abscesses are opened 
aseptically and kept aseptic, the patient's health at once begins 
to improve. 

That these are not mere theoretical speculations, but that 
they are fair deductions from the facts, will be evident to any 
one who will carefully weigh the facts brought forward in the 
history of antiseptic surgery and in Chapter XX. For there we 
see that the only method of treatment which could be said to 
be of any service at all in these cases, excepting the Listerian 

method, was Abernethy's mode of puncturing with a trocar and 
canula, or of making a valvular incision into the abscess. On 
tin other hand, we have the much better results of aseptic 
treatment results not obtainable by the so-called simple' 
methods of cleanliness, free ventilation, &c. I need not ^o 
into the discussion of these results again; the facts have been 
sufficiently g l v e n in the last chapter. 

Though this is the most striking instance in which profuse 
suppuration leads to loss of life, yet in many other cases great 
danger is caused by its occurrence. Thus in many injuries of 
bone, such as compound fractures, very profuse and prolonged 
suppuration often follows which may endanger the life of a 

. weak y patient, or may even in the case of a healthy patient 
lead to amyloid infiltration and degeneration of the internal 
organs. This is chiefly the case where necrosis of portions 
of the fractured bone occurs; the necrosis may be due to the 
injury directly, a portion of bone being deprived of vitality or 
separated from its vascular connections at the time of the 
accident, but more frequently it is the result of acute in-
flammation of the bone, acute suppurative osteitis, which 
supervenes on the injury, and which is clue, as is at once evident 
from comparison with the behaviour of a simple fracture, to 
the existence of a communication between the injured bone 
and the external air, and the consequent occurrence o f f e r -
mentation and formation of irritating products in the wound. 
But if the wound is kept aseptic the fracture behaves exactly 
as if it were a simple one, the danger which results from the 
external wound being completely avoided. There is therefore 
no acute inflammation either of the soft parts or of the bone 
and hence no necrosis from this cause; the process of repair 
a once commences And, just as in the simple fracture, in 
he way which will be described more minutely presently, 

portions of bone detached from their vascular supply do no 
therefore give rise to suppuration, and indeed, by no means 
require removal, but become encroached on and removed by 
the surround,ng new tissue. Here also this result depends on 
che asepticity of the wound, however brought about, whether 
by the aseptic method, or in rare cases by absolute immobilisa-
tion or the formation of a crust. If once fermentation occurs 



in the wound, suppuration takes place, detached portions of 
bone are always separated, and frequently necrosis of living 
bone results. An abundance of facts which prove these views 
have also been brought forward. The same remarks apply to 
lacerated wounds, though in these cases the suppuration is not 
often so great, or at least so long continued, as to endanger life. 

Wounds of joints also, though perhaps most frequently fatal 
in the first instance from sapraemia, septicaemia or pyaemia, yet 
when these dangers have become slight, are still serious from 
the prolonged suppuration which follows. We have fully de-
monstrated that these dangers are all avoidable by taking 
measures to prevent the occurrence of fermentation in the 
joints (see Chapter XVIII . ) 

There are many other cases, which I need not consider, in 
which the avoidance of profuse and prolonged suppuration is a 
matter of the greatest importance, sometimes even of life and 
death. I shall just mention one example more—acute osteo-
myelitis. In this disease, if the patient escapes the primary dan-
gers from infective diseases (see definition of the term in Chapter 
XVII.) , he is certain to suffer from prolonged and very profuse 
suppuration, on account of the death of the bone to a greater 
or less extent. To avoid these risks amputation is frequently 
resorted to, but recently Mr. Spence has recommended the 
excision of the inflamed bone, and has had some good results 
from this procedure. Neither of these operations are, however, 
necessary if the case be treated aseptically. It is generally 
merely requisite to open the abscess freely, with the necessary 
aseptic precautions, and to attend to free drainage, and as a 
consequence suppuration ceases at once or is very slight, and 
sometimes the wound heals up without any separation of dead 
bone whatever, or if this occurs it is generally merely a super-
ficial exfoliation. Mr. Lister has had several excellent cases 
treated in this way. The case of osteomyelitis is of course by 
no means so typical as the other instances which I have men-
tioned, because, as we have seen, micro-organisms are always 
present in the pus of the abscess in connection with the bone; 
but nevertheless its course, if treated aseptically, is often 
markedly different from that which it follows when treated 
otherwise, and this, and the fact that some cases clo better than 

others', may be explained by the other fact previously mentioned 
(p. 25b), that m many acute abscesses the micro-organisms are 
probably dead when the pus is evacuated. 

Then again, if we consider the case of necessary operations 
on weak or diseased individuals, we shall find that the aseptic 
method more than any other has diminished their risks, and 
indeed, with regard to many, alone renders their performance 
possible. The good health of the patient is one of the many 
conditions necessary in the sort of treatment which we have 
just been considering under the head of cleanliness, free ventila-
tion, &c. If the patient be in a weak state, his resisting power 
to septic influences is less, and the protecting layer of granula-
tions is less potent to resist the entrance into the system of the 
terrible substance' in contact with it. Let the patient be 

weak, and he can, for a shorter time, endure the exhausting 
suppuration which may follow the operation, a time too short, it 
may be to permit of recovery from it.' This is a point of view 
from which the subject has been regarded by most surgeons 
who have adopted the aseptic method thoroughly. Thus Mr 
\\ood, at the meeting of the British Medical Association at 
Cambridge m 1879,» said of the aseptic method, that one great 
reason for employing the Listeria,! method was < that it saved 
a considerable percentage of weakly constitutions, upon whom 
it was absolutely necessary to operate, and who would die unless 
for its precautions.' Among these instances may be mentioned 
eases of amputation in patients suffering from phthisis. The 
dflfeience of opinion which exists on this subject is of course 
well known, and many surgeons refuse to operate where marked 

poison th " ^ , g 0 t n d ° f ' b u t m a y accumulate in the blood and 
C a n d lead to i m a r a C ; m \ t h e k i d n » » « « « * them to stop work-
dano-pv to the pat ienfs death from uremic poisoning. Both these 

- British Medical Journal, vol. ii. 1879. 



phthisis is present. Of course, where a wound is not treated 
aseptically, and where healing does not occur by first intention 
suppuration takes place, and where the patient is weak this 
reduces him still further, and, if the wound is large, may only 
hasten his death. In these cases also the irritative fever which 
occurs is particularly dangerous. Where, however, union 
by first intention occurs, irritative fever and suppuration are 
absent, and the removal of the disease is a relief to the patient. 
As the aseptic system not only favours union by first intention, 
but also prevents the occurrence of fever and suppuration in 
cases where union by first intention cannot take place, am-
putation in cases of phthisis is a much more hopeful procedure 
than formerly. Several of Mr. Lister's cases have been striking 
examples of this. 

And further, operations can now be performed which mav 
be necessary for the recovery of the patient, but which would 
have been almost certainly fatal under the former methods of 
treatment, and which were therefore considered unjustifiable. 
This of course follows from the facts narrated in the three 
preceding chapters, for if an operation such as the incision of 
a healthy joint may be safely performed for the removal of an 
inconvenience, it must be equally safe when performed for the' 
removal of something which, if left, would imperil the patient's 
life. I may quote two facts from Professor Yolkmann's speech 
at the recent International Medical Congress.1 ' For a large 
enchondroma in the cortal pleura that occupied the left wall 
of the thorax, Professor Fischer removed a large piece of the 
chest wall and ribs, so that the heart and lungs were exposed 
and an opening as large as a child's head was made, and yet the 
patient was able to be discharged from the hospital after four 
weeks.' ' In the case of a large echinococcus of the liver, 
which in front and at the side was covered with thick layers of 
liver tissue, and which projected into the thoracic cavity, after 
resection of the seventh rib, I opened the healthy pleural 
cavity, which was free from adhesions. The thorax was freely 
opened, the thinned diaphragm cut into, the echinococcus sac 
opened, the animal bladder extracted in toto, and the patient 
recovered without complication. A similar operation with like 
results was conducted by Mr. Israel of Berlin.' On this point 

1 See Lancet, August 13, 1881. 

also Mr Y) ood says : ' < And another point from which he ' (Mr 
Wood) had been in the habit of considering i t ' ( t h e aseptic 
system) was tins: that it extended the aim and scope and 
value to the community of surgical skill in cases on which it 
would be too risky to operate without the extreme precautions 
which antiseptic surgery affords. There were a great many 
operations which they were doing at the present time which 
would have been considered wild, and which were now by many 
considered unjustifiable, otherwise than with their improved 
means.' L 

There are, however, a great many other points which have 
to be attended to in the treatment of wounds besides the savin-
of life ; we have to look to what Sir James Paget calls the ' well-
doing of the patient. Now as the aseptic method allows the 
performance of operations which would otherwise be considered 
unjustifiable, it is evident that it must in many cases enable 
the surgeon to render the patient a more useful member of 
society than he would otherwise be. Take, for instance, any 
interference with the movement of joints from some cause (say 
the presence of an exostosis) which would involve the opening 
of a great articulation in its rectification ; here the aseptic 
method permits an operation which would not otherwise be 
possible. Look at Mr. Lister's list of joint casés, and see 
whether or not some of the patients have been rendered more 
useful members of society by the aseptic method. 

Take the simple operation of tenotomy. How impossible 
it was till the subcutaneous method was introduced; but as 
soon as a method was found by means of which the causes of 
fermentation were excluded from the wound, these operations 
became frequent, and they certainly daily increase the use-
fulness of many patients. And what was impossible in this 
department in former days by means of free incision, is possible 
now ; and if for any reason one wishes to see the tendon to be 
divided, it may be exposed aseptically without fear of the result. 
And further, in cases of ruptured tendons, cases so apt to leave 
impaired power behind, one may cut down and sew the ends of 
the tendon together with catgut and in this way get perfect 

1 Luc. tri.t. 
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union and a complete restoration of power. This has been 
done in a number of cases with perfect success, and I may refer 
to Eschenburg's thesis, published in 1877, for the history of 
these attempts and their results. I may quote two passages 
from this thesis which shew a striking contrast between the 
results of septic and aseptic surgery. The first is taken from 
Ravoth, who says : ' Selbstverständlich wird man die Sehnennaht 
vermeiden, wenn keine Hautwunde gleichzeitig vorhanden ist.' 
On the other hand, Küster writes as follows : ' Es ist nun eines 
der Hauptverdienste der antiseptischen Wundbehandlung dass 
sie den Kreis unserer operativen Indicationen wesentlich 
erweitert hat, dass sie dem Chirurgen mit ruhigem Gewissen und 
ohne die mindeste Besorgniss an eine Anzahl von Operationen 
zu gehen erlaubt, welche sonst entweder gar nicht, oder nur 
unter ganz besonders günstigen Bedingungen unternommen 
werden durften.' And among these operations are those of 
stitching ruptured tendons. 

This is only one example of the numerous applications to 
which a method can be put which renders operations practically 
subcutaneous. Look also at all the operations for ununited and 
badly united fractures, and for deformities of bones, operations 
to aid the reduction of dislocations, more especially when of 
old standing, radical cure of hernia, and so on. These instances 
are so numerous and varied that I cannot detail them here, but, 
in the practice of the operating surgeon, cases are constantly 
occurring in which the advantages gained by means of the 
aseptic method are of the greatest importance. 

While the scope of the operating surgeon is so much 
increased by the aseptic method, the cause of conservative 
surgerv is also greatly advanced. I have at p. 442 shewn that 
in cases of disease of joints a cure may be obtained in a large 
proportion of instances, without resorting to any further ope-
rative procedure than the free incision of the diseased articula-
tions. By this treatment not only is the limb retained without 
any shortening, but also there is frequently a considerable 
amount of movement in the articulation, a result of the greatest 
importance to the patient. In the treatment of compound 
fractures, also, there is much less necessity, than formerly for 
amputation, either primary or secondary. This is hardly a 

po ut which can be treated by statistics, but my own experience 
- a n d l t is the same as that of others who have practised careful 
aseptic treatment, and a careful perusal of the cases in Chapter 
XIX. will demonstrate i t - i s , that the -necessity for these mutila-
tions is very much less than when other methods are employed. 
A limb must be very badly injured indeed before it is necessary 
to perform primary amputation : it must not be merely that a 
joint is opened, or that the bone is extensively comminuted or 

^ r b ; d V T a t e d : t h e ^ n s r e a l l y a r e , whethe 
the par beyond will retain its vitality, whether if it does so it 
will be useful, and whether there is a fair probability of purify-
ng the wound If the last is probable the chance of 

rec very should be given, and if afterwards it is found tha 
punficatioms not successful, and if otherwise the injury is one 
Which without aseptic management, would demand primary 
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5 0 4 RESULTS OF ANTISEPTIC SURGERY. 

•would slough 'when inflammation came on.' But fortunately 
inflammation is not likely to come on if the wound has been 
properly treated. 

I need not discuss this matter further. If one remembers 
that an incision, supposing it can be made aseptically, provided 
also that the wound is kept at rest and otherwise properly treated, 
is not followed by any local reaction nor by constitutional dis-
turbance, one can readily realise how many little operations 
of convenience may be performed with benefit and increased 
usefulness to the patient. It may be argued against such 
operations of convenience that man is fallible, and that a failure 
of the method might prove a serious matter to the patient. 
This is to a certain extent true, but the chances of failure in 
experienced hands in any given case are very small indeed. 
The performance of such operations by those just learning the 
method cannot be too much discouraged. It is too much the 
fashion nowadays to begin aseptic work with some of these 
daring procedures, such as opening joints; but such operations, 
however simple they appear, ought not to be lightly under-
taken ; indeed they ought not to be attempted till one has had 
extensive experience in the aseptic treatment of wounds, and 
more especially of chronic abscesses.1 

Experience is needed in aseptic work just as in every other 
department of surgery. Why does the student devote so much 
of his time to learning anatomy and to acquiring manual dex-
terity in the use of the knife ? Simply in order that he may 
be able to operate with safety to the patient. Take the opera-
tion of ligature of an artery or lithotomy or any other great 
operation in surgery. When performed by an experienced 
surgeon it seems very simple and easy of performance, but the 
young operator finds that many difficulties have to be over-
come and many little arts acquired before it can be done 
in the same way as by the experienced surgeon. One would 
never dream of allowing a man who had never handled a knife 

1 Surgeons are too apt, even without having had any experience of the 
aseptic method, a t once to introduce modifications winch generally are illogical 
and hurtful . Vo lkmann (Lance t , August 13, 1881) makes the fo l lowing true 
remark on this p o i n t : ' Most of the unfavourable judgments, ' says h e , ' passed 
on this method are due to the fac t that surgeons who have not yet learnt to 
exper iment with it have already made it the subject o f their experiments. ' 
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before to commence with one of these operations on the living 
human body. It is just the same with aseptic surgery. For 
?DS proper practice are required a scientific trainingfand more 
especially, a training in experimental work with its consequent 
acquirement of patience and dexterity. Let the beginner com-
mence its practice in simple wounds where but little harm will 
result from his failures, or, better still, let him try someexperi-

LTs h i ? 1 S C ° n t a i n e d " ^ just as the operator 
feels his way to more serious operations, so the surgeon operat-
mg aseptically extends the application of his method ; and ju t 
as the experienced operator may proceed with confidence to 
operations which m the hand of an inexperienced man won d 
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would otherwise be unjustifiable, such as many of the opera-
tions o convenience of which we have been spiking. He has 
then chiefly to consider whether the advantage t o t derived 
from the operation is worth the inconveniences attending its 
performance. Of course if one has to deal with a large num-
ber of cases one cannot say that all of them will do well • in 
some one or other the experiment may fail. Where there is a 
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i t i r " When, therefore, the surgeon under-
takes one of these serious operations he should realise the 
d a n g e r S which are run and the means of avoiding them, and 
should devote his most careful attention to the else in ques-

is right to undertake such operations if their performance 
can increase the usefulness of the patient. 

I have said that operations performed aseptically, where the 
r d S r e m a m a S e p t i C a n d W h e r e they are properly trea d 

S r r r i r f o t 1 W d b y a n j w w turbance, and I must now say a few words on this point. And 



first with regard to the local progress of a wound treated asep-
tically. 

Where the wound is treated aseptically by the method 
formerly described (where the drainage is efficient, where the 
stitches are not too tight, and where there is no other local 
cause of irritation, such as movement), no inflammation occurs • 
there is no swelling nor redness of the edges, as is so frequently 
the case m wounds treated otherwise. The skin around the 
wound remains as pale and as lax as it was when stitched up at 
the time of the operation; there is no evidence of reaction. 
Thus it comes that such wounds are quite painless, and their 
edges may be pressed and handled without occasioning the 
patient any uneasiness. Hence even after the most extensive 
operations the patient remains free from pain ; indeed, the opera-
tion being performed under an anesthetic, and there being no 
inflammation afterwards, the whole treatment from beginning to 
end is unattended by any suffering. Patients constantly express 
their astonishment that the pain whichtheyperhaps mostdreaded 
is absent; and this astonishment is the greater if the patient 
Has been previously operated on and treated by the older 
methods. 

. . .T h e n> a ; t l i e r e s u l t o f t h i s absence of inflammation, the scar 
is linear and soon becomes hardly apparent. One or two sur-
geons have stated that the scars after wounds treated aseptically 
were conspicuous, and that therefore the method was unsuitable 
for wounds on exposed parts. This statement must, however, 
rest on some mistake-either protective has not been used or 
some other error has been committed; for my own experience, 
which is now very extensive, is, that an inconspicuous and 
linear scar i8 one of the most striking results of the treat-
ment. 

But not only is there absence of inflammation along the cut 
edges of the skin, it is also absent from the deeper parts of 
the wound. Thus there is no suppuration even where the deep 
structures are not absolutely in contact. The discharge from 
the drainage tube is purely serous and rapidly diminishes in 
amount so as to render the drain unnecessary in a very short 

The importance of this absence of inflammation in the 

deeper parts of the wound has been well shewn by the advan-
tages gained by the application of the method to experiments 
on the lower animals. This is perhaps best illustrated by the 
experiments recently performed by Professor Gerald Yeo on 
the brains of monkeys. 

In Dr. Ferrier's former experiments on the brains of mon-
keys for the purpose of investigating the function of the 
various parts of the brain, no attempt was made to keep the 
animals alive after the operation, because, as the result of ex-
perience, encephalitis was looked on as a certain consequence. 
The attempts which were made failed owing to the occurrence 
of encephalitis, with the exception, I think, of one animal 
which lived for some time. It was therefore deemed useless to 
attempt to preserve the animals, for the after effects of the 
injury done at the time of the operation were so complicated 
by the effects of the inflammation which succeeded, that results 
of any value could only be obtained from observations made at 
the time of the operation. 

Lately however (1878-80), Gerald Yeo has performed 
a number of these operations with aseptic precautions, and the 
results were extremely striking, and yielded very definite and 
valuable information. Twenty-six operations were done. In 
the first case great difficulty was found in retaining the 
dressings in position, and this animal tore off the dressings. 
It died m a short time of encephalitis, and was the only one out 
of the twenty-six in which inflammation occurred. Afterwards 
a very convenient and satisfactory mode of fixing the dressings 
was devised, and this accident did not happen again. In the 
other twenty-five cases no inflammation whatever occurred, as 
was confirmed on post-mortem examination of the animals 
which died shortly after the operation, or which were killed 
after a sufficient length of time had elapsed. As no inflamma-
tion occurred) the symptoms which were manifest after the 
operation were due to the lesion caused at the time, and thus 
valuable and definite facts were elicited. The gain to physio-
logical observation indicated by these experiments cannot be 
over-estimated. 

Of the twenty-six cases operated on seven died, the 
remainder surviving the operation permanently, without ever 



presenting any symptoms except such as were due to the 
cerebral lesion. Of the seven deaths, one—the first case, in 
which the animal tore off his dressings—died of encephalitis ; 
two died soon after the operation, one from chloroform and one 
from shock ; one died six days after the operation from cerebral 
hemorrhage, and here there was no trace of inflammation; 
three died apparently from the intense cold of winter, one of 
these surviving the operation for thirteen days without a trace 
of inflammation. The wounds always healed by first intention, 
and the dressings were dispensed with in about a week. 

As a result of this absence of inflammation in the deeper 
parts the scar does not become adherent but remains movable. 
This is of greatest importance after amputations where so much 
inconvenience is often caused by the adhesion of the scar to the 
divided end of the bone. 

This absence of inflammation is also well seen after opening 
bursas or hydroceles. Of late it has become very much the 
fashion in Germany to treat hydrocele by making an incision 
into the sac aseptically, stitching the tunica vaginalis to the 
skin by means of catgut, and inserting a drainage tube. No 
inflammation follows this procedure; the discharge becomes 
very slight, the drainage tube is removed in a day or two, the 
wound heals, and the hydrocele is cured. (The violent inflam-
mation which follows incisions into hydroceles without aseptic 
precautions is well known.) Similar results are obtained in 
cases of bursitis, more especially of bursitis in connection with 
the sheaths of tendons. Incisions may be made into these, 
the fluid and solid material evacuated, and a drainage tube 
inserted, without fear of bad result, and with ultimate cure of 
the disease without any adhesion of tendons or other accidents 
which commonly follow such attempts» 

In cases treated aseptically the wound heals as a rule much 
more rapidly than when it is treated otherwise ; for where the 
edges can be brought into contact, healing by first intention 
is the rule, and even where there is a space left, this becomes 
filled up with blood clot which rapidly undergoes organisa-
tion. 

The organisation of the blood clot is one of the most marked 
features in aseptic treatment. That blood clot may become 

organised under certain circumstances is no new fact in medi-
cine or surgery. We all know what happens in subcutaneous 
njunes. Blood clot and lymph are thrown out, they are gradu-

ally removed by absorption, or their place is taken to some 
extent by new tissue. In a simple fracture blood clot and 
lymph are present between the ends of the fractured bone. 
Ihe effused material gradually disappears, and itsplace is taken 
by new tissue which ultimately ossifies. So after tenotomy; 
the space between the ends of the divided tendon is filled up 
with blood clot and lymph, and these become organised, and 
thus union again occurs. I need not bring forward other 
examples to show that blood clot in the living body when 
protected by the skin, is gradually removed and its place taken 
by new tissue. In an open wound not treated aseptically the 
blood clot generally putrefies, and, as a result, breaks down 
liquefies, and is washed away with the discharges; the surface of 
the wound granulates, and thus healing takes place. Where 
however, a wound is aseptic, and where it is protected from' 
other sources of irritation, such as the action of the antiseptic 
employed, the blood clot in it undergoes the same changes as 
it would under the skin, for the aseptic method renders wounds 
practically subcutaneous. Thus it does not break down but 
remains filling up the wound with a solid brown mass; no 
granulations are seen, nothing but this brownish solid material. 
After some days if this clot be scratched, it will be found to 
bleed implying that new vessels have been formed in it, and 
on lifting up the edge of the clot a broad margin of cicatrix 
will often be found. If the clot is left undisturbed it fre-
quently happens that after a time a superficial layer of 
oughish brownish material (old blood clot) may be peeled off 

and a complete scar found underneath. In some cases organ-
za ion occurs m the clot up to the level of the skin, I d 
cicatrisation spreads for some distance under the supeificial 
unorganised layer, and then by-and-by the remaining central 
^ t ^ granulates arul we have a small superficial granulating 
ore which rapidly heals. The occurrence of granulation may in 

this case, I think, be due to the entrance of micrococci, which as 
we have seen sometimes occurs at a late period of the case. If 

' e ib much movement of the wound, or if no protective 



be employed, this organisation may also be imperfectly or not 
at all observed. The organisation of blood clot has been de-
monstrated by several writers, and therefore I need not describe 
it minutely. The process essentially consists in this : young 
cells (whether white blood corpuscles or derived from the con-
nective tissue, or both, is not yet determined) pass into the 
blood clot and gradually form fibrous tissue and vessels, which 
become connected with already existing ones, according to 
the various well-known methods of vascular formation. This 
process gradually extends to the surface till, after some days, 
as I have said, the blood clot bleeds when scratched. When 
organisation has sufficiently advanced, the epidermis spreads 
from the edge. The original blood clot takes no active part 
whatever in this process : it forms a mould in which the young 
cells develop, and is gradually either used up as pabulum for 
these cells, or removed by absorption. Here, just as when sub-
cutaneous, the original blood clot disappears, and its place is 
filled by young tissue which developed in it not from it. 

Sloughs are served in the same way. When a part under 
the skin dies, as is frequently the case where infarcts occur, 
it does not necessarily separate, it is gradually removed by 
absorption and its place is taken by new tissue. In the same 
way a slough of the skin if kept aseptic, and not imbued with 
carbolic acid or otherwise rendered irritating, does not separate 
but goes through the same process as the blood clot. The 
ordinary process of separation of sloughs is the occurrence of 
inflammation at the line of junction of the living with the 
dead tissue owing to the irritating character of the latter. 
(The slough causes inflammation because it is undergoing de-
composition, for the products of decomposition are irritating.) 
But if the slough is not chemically irritating it does not 
cause this inflammation ; it does not irritate the living parts 
around. Then the young cells pass into it as into the blood 
clot, and the whole process is exactly the same. Thus in 
lacerated wounds, if rendered aseptic and kept free from the 
irritation of the antiseptic employed, suppuration and sloughing 
do not occur: the raw surfaces and the interstices between 
the torn pieces of tissue become filled up with blood clot, the 
process of organisation just described goes on, and the whole 

or the greater part of such a wound may heal without the 
occurrence of granulation, suppuration, or sloughing. A similar 
process has been observed in dead bone kept aseptic and not 
loose: the granulations gradually encroach upon it, and it soon 
entirely disappears by absorption. 

The same process occurs in catgut introduced into a wound, 
whether for the purpose of ligaturing vessels or as a drain. 
I he young cells gradually infiltrate the catgut from without 
inwards,' develop into fibrous tissue, remove the original cat-
gut, and take its place. The ordinary process of separation of 
a silk or hempen ligature is, that fermentation occurs in the 
discharge which has soaked into it ; the ligature thus irritates 
the walls of the vessel on each side of i t ; these granulate, and 
then suppuration takes place at the point of contact of the 
dead part included in the loop of the ligature with the living 
tissue When suppuration has occurred all round on both 
sides the ligature is loose and maybe pulled away. Secon-
dary hemorrhage results when the portion of the vascular wall 
which has undergone degeneration into granulation tissue as a 
consequence of this process is not strong enough to resist the 
blood pressure. If, however, a hempen ligature be applied 
around a vessel and the wound be kept aseptic, the ligature 
remains chemically unirritating and may never separate at all. 
1 have seen this well illustrated in a case of amputation where 
the surgeon operated aseptically, but tied the vessels with hem-
pen ligature and left the ends hanging out: the ligatures 
would not separate but had to be broken short inside the wound, 
it now catgut be employed it is a material which is rapidly 
removed by the young cells which, as I have previously said, 
infiltrate it, and its place, as a ring round the vessel, is taken 
ny this young tissue, which rapidly becomes organised and 
replaced by a ring of newly formed fibrous tissue. Thus where 
a catgut ligature is employed there is no ulceration of the 

that" T ^ i r f a d V a n t a g e i ° f 1 h e n e w c a t ^ f c P * e d with chromic acid is 
hat the cells have a great difficulty in penetrating it, and therefore only erode 
Z ' a T a S t i t C h W M c h h 3 S b e e " l e f t i n t h e wound for some days 

hough narrower where it has been in the tissues, is still firm and free from 
el ular mfiltration. With catgut prepared by the older method cells infiltrate 

a l s o r n t i n n T f ^ i «»Prepared catgut the cell infiltration and the 
aosoiption of the thread is a very rapid process. 



coats of the vessel, but after a time a ring of newly formed 
fibrous tissue will be found in the situation of the original 
ring of catgut. For these reasons also the risk of secondary 
hemorrhage is reduced to a minimum. 

The facts with regard to the organisation of the catgut liga-
ture were described by Mr. Lister in his first publication on 
the subject as long ago as 1869,1 and as some of his state-
ments have been misunderstood I may quote what he says. It 
has been supposed by some that he held that the dead blood clot 
and that the dead catgut became revivified in the tissues. Such 
an idea is of course utterly absurd and was never entertained 
nor expressed by Mr. Lister. Indeed, he speaks as follows as 
regards the blood clot, and applies his remarks to catgut: ' Thus 
the dead, but nutritious mass, had served as a mould for the 
formation of new tissue, the growing elements of which had 
replaced the materials absorbed, so as to constitute a living 
solid of the same form.' Mr. Lister tied the carotid artery of 
a calf in two places with a ligature of catgut (in one place with 
two ligatures), and a month later he killed the calf and ex-
amined the parts. He says : ' The two pieces of catgut which 
had been tied round the vessel at the distal part had become, 
as it were, fused together into a single fleshy band, inseparably 
blended with the external coat of the artery. The knots were 
nowhere discoverable, and the only indication of the end 
which had been left long at the time of the operation was the 
presence of a black speck' (the original material contained 
dark mineral impurities) ' here and there upon a delicate thread 
of cellular tissue in connection with the vessel. The cardiac 
ligature was in like manner continuous in structure with the 
arterial wall. The short ends had disappeared; but the mas-
sive knot was represented by a soft smooth lump, which ap-
peared at first entirely homogenous, except that it was speckled 
with dark particles as before referred to. On section, however, 
I discovered in the interior of the mass, and lying close to the 
wall of the artery, a small residual portion of the original 
knot, of comparatively firm consistence, and with the threefold 
twisted character of the cord plainly visible. It was quite dis-
tinct from the living tissue, so that it could be readily picked 

1 Lancet, April 3, 1869. 

out from its bed with a pair of needles.' Here almost all the 
oopnal catgut had bee , removed, but it had served as a m o l 
for the development of new tissue which had take„ ? , 
and which r e i n e d the form of the t u ' i í which i ^ 
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growth and £ 
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and lungs of rabbits, and hardened them in absolute alcohol 
for one to three weeks or longer. Pieces of these hardened 
dead tissues were then introduced with aseptic precautions 
into the peritoneal cavity of rabbits (in each case several pieces 
were used); after some days the animals were killed and the 
state of matters investigated. Twenty animals were experi-
mented on, and into their peritoneal cavities about 100 por-
tions of tissue were introduced. The animals did not appear 
the worse for the operation; the temperature remained normal, 
and they seemed well. Of these twenty animals only two died, 
both of acute peritonitis: in one case an error was committed 
in the treatment, the stitches were removed too early, and the 
intestines protruded : in the other case the animal was suffer-
ing before the operation from chronic peritonitis which after-
wards became acute. When the animals were killed early, in 
a day or two after the operation, the masses of tissue were 
found to be adherent to some part of the peritoneum, and 
sometimes two pieces of tissue were attached to one another. 
Where fourteen days or more were allowed to elapse, the por-
tions of tissue were found firmly adherent and much diminished 
in size, evidently undergoing absorption ; in some places there 
was only a thick layer of new material containing a pulpy mass 
in its interior. In one animal into whose abdominal cavity a 
whole kidney had been introduced, and which was allowed to 
live for forty-seven days, the kidney had entirely disappeared; 
the only thing noticeable was that at one part of the omentum 
there was a thickish tough spot, where probably the absorbed 
kidney had been attached. On investigating the process micro-
scopically the following were briefly the appearances found: 
After twenty-four hours the mass of tissue is, as I have just 
said, adherent to the peritoneum and surrounded by a layer of 
soft new material—lymph. Any defects which existed in the. 
margin of the specimen are filled up with this soft mass. 
This new material when examined is found to be composed 
of countless numbers of cells, which Tillmanns holds to be 
white blood corpuscles. If two pieces of dead tissue lie close 
to each other, they become adherent to each other by means of 
this material. If these tissues are examined at a later period, 
say forty-eight or seventy-two hours after their introduction, 

these cells are found to have increased in number and to be 
no longer confined to the outside of the organ, but to have 
penetrated into it where possible, forming, as Tillmanns puts it, 
streets and pathways of cells through the tissue. Thus, for 
example, in the case of the liver these cells penetrate in the 
first instance along the streaks of connective tissue which lie 
between the lobules, entering first those channels which are 
largest but gradually spreading along the smaller ones. At 
this time the cells have already begun to develop to higher 
tissue, and not merely round cells, but also elongated spindle-
shaped cells undergoing further development, are found. Fig. 39, 
Plate V., represents this : to the right is seen the old liver cells^ 
and to the left the new cells which have penetrated along the' 
interlobular connective tissue; at the upper part these cells 
have already become spindle-shaped. This process gradually 
goes on, the young cells penetrate more and more among the 
dead materials, which gradually disappear by absorption, their 
place being taken by this young tissue which has come from 
without. This tissue rapidly undergoes further development 
into fibrous tissue, vessels, &c., according to the well-known 
processes (see fig. 40, Plate V.).' The contraction of this 
young connective tissue and the further changes which it 
undergoes lead to the disappearance of the original mass and 
the formation of a cicatrix at its site, which also, as time goes 
on, tends to dwindle and disappear. 

Thus the replacement of blood clot, sloughs, and other 
dead tissues, in the living body by new material-their organ-
isation, as it is commonly called-is no longer a fact resting on 
clinical experience alone, but is a process which has been traced 
step by step under the microscope. What at first sight seems 
remarkable, what is certainly something new, is, that this 
process occurs m an open wound. But when the whole facts 
are carefully considered, it will be seen that this fact is only 
one which might have been expected, and that it is quite in 
accordance with well-known facts in pathology. 

While there is this absence of local disturbance in wounds 
treated aseptically, the constitutional state of the patient re-
mams good; in fact, if he lias not lost much blood during the 
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operation, or if the operation has not caused shock he is on 
recovery from the effects of the chloroform, practically as 'well 
as before. His appetite is perfect, and I may say here that 
after operations performed aseptically there is no reduction of 
diet even for a few days; an hospital patient remains on full 
diet, and a private patient may have anything he fancies pro-
vided it is wholesome, and the more nutritious the food the 
better. Indeed, after the opening of a psoas abscess, or after 
an operation which rids the patient of some depressing disease 
such as a carious joint, the appetite which was previously' 
very imperfect returns in a few days, and hunger becomes the 
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F I G . 8 0 . — T E M P E R A T U R E C H A R T . 

Temperature chart from a case of MaoEwen's operation for double genu valgum (Case 69, p. 48S). 

patient's chief trouble. At the same time there is no fever, as so 
frequently occurs after operations treated otherwise. I do not 
propose to discuss here the subject of temperature after opera-
tions- ; to do so would require much space, and our knowledge 
of the origin and regulation of temperature changes in the 
living body is as yet so imperfect that we could not come to 
any definite conclusions. I shall therefore content myself with 
referring to the following facts. 

. A f t e r a n Operation performed aseptically, and in which there 
is no cause of elevation of temperature, such as tension, the 
temperature remains normal; or if the operation has been at all 
— e ' f 6 - ™ i n g G h a n S e s a r e o l ^rved , of which Chart 
A X X M . , fig (Case 69, p. 488), is a very good example. 
In this case both femora were divided, i.e. a compound fracture 
of each femur was made, on the same day: the temperature 
previous to the operation was 99° F . : on the evening of the 

operation it had fallen to 96-8°: on the following morning it 
was 100-6°, and then it again rapidly fell to the normal, being 
on the same evening 99-3°. As a rule the temperature after 
operations performed aseptically resembles this example: the 
temperature is below the normal on the evening of the opera-
tion, it then rises to or above 100°, reaching its highest point 
on the following morning or evening, and then rapidly falls to 
the normal line again. In some cases before reaching the 
normal it fluctuates for a day or two between 99° and 100°, but 
this fluctuation is not within the range of fever temperature 
but within the normal range.1 It is very seldom that the 
pulse rises in equal proportion, indeed it generally remains 
normal. 

This normal2 temperature may be disturbed for various 
reasons, but especially when tension and retention of secretions 
occur. The elevation of temperature which follows imperfect 
drainage is often very marked. Among the cases narrated in detail 
there is no good example of elevation of temperature from tension: 
I may therefore quote the following instance. A little boy had an 
unreduced dislocation backwards of the bones of the forearm of 
six weeks' standing. On December 9, 1876, Mr. Lister cut 
down on each side of the joint, opened it, and succeeded, after 
detaching the muscles from the condyles of the humerus, in 
reducing the dislocation. The parts were very tense after 
reduction, and the primary rise of temperature reached 101° on 
the day following the operation, and remained at that level for 
thirty-six hours; it then fell rapidly as usual. On December 
14th Mr. Lister moved the joint for the first time. That even-
ing there was profuse hemorrhage, which ccased on removing 
the dressing. A fresh dressing was applied, but the hemor-
rhage went on into the limb, which was next day very much 
swollen and distended with blood. The temperature rose 
rapidly and continuously till it reached 104-4°. On December 
?6th incisions were made into the arm to evacuate the blood 

1 It has been pointed out by Wunderlich that after disturbance of the 

n o n S t h e C U r V e ° f t e n fluctuates f o r a d a y o r t w ° before regaining the 

2 Mere elevation of temperature without other symptoms cannot be called 
lever. Fever is indicated by a combination of symptoms, and an elevated 
temperature is only one, though the most striking, feature of the febrile state. 

P P 



clots; on the following day the temperature began to fall, and 
on the morning of the 18th was 100-8°. After some oscilla-
tions about this height it rapidly fell to normal. Here in the 
first instance, coinciding with tension of the parts after the 
operation, the primary rise reached 101°, and did not fall at 
once, but remained for some hours at that height. Then it 
fell; but the parts became greatly distended with blood, there 
was great tension, and coincidently with this the temperature 
rose rapidly and to a considerable height, and again fell when 
the tension was got rid of. The pulse at the same time in-
creased in rapidity, being on one occasion 144. 

F I G . 8 1 . — T E M P E R A T U R E PROM A C A S E OF C O M P O U N D F R A C T U R E , IN WHICH 
T H E R E W A S G R E A T D I F F I C U L T Y IN R E T A I N I N G T H E F R A G M E N T S IN 
POSITION ( C A S E 2 7 , P . 4 7 2 ) . 

Why it is that the accumulation of discharges and the con-
sequent tension should be accompanied by rise of temperature, 
often very rapid and high, is a very debateable question, and 
one which can hardly as yet receive an answer. At first the 
impression was, that this rise of temperature was due simply 
to the effects of the tension on the nervous system; that it 
was, in fact, a nervous phenomenon. There can be no doubt 
that several instances of elevation of temperature in children 
and hysterical women after operation are in some way or other 
reflex phenomena. Thus in a child the presence of a tight 
stitch may be accompanied by a rise of temperature, which 
subsides as soon as the offending cause is removed. Probably 
this is the reason for the rise of temperature in Case 27, p. 472 
(see fig. 79). In this case great difficulty was experienced in 
keeping the upper fragment in position and there was therefore 

constant disturbance of the parts. At the same time, it must 
be observed that the pulse rate had not increased in rapidity 
in proportion, and the patient did not feel out of sorts; with 
the exception of the elevated temperature there was no other 
symptom of fever. Here there was no fermentation in the 
wound and no retention of discharges, and therefore it seems 
probable that it was a nervous phenomenon. On the other 
hand, there are cases in which there may be great tension 
as after subcutaneous bruises, or local disturbance of the parts' 
as m some forms of joint disease, without an elevation of ' 
temperature at all corresponding to that which occurs when 
the discharges of wounds are retained. And also, the weight 
of evidence derived from experiments on animals seems to ao 
against the view, that mere disturbance of the nerves of a 
part is a frequent or probable cause of the marked elevation of 
temperature which sometimes occurs in cases where there is 
retention of discharge. Indeed, according to Wunderlichthe 
application of external irritants has the effect of lowering the 
general temperature rather than of raising it, and the same 
author states that Heidenhain has found that irritation of 
sensory nerves constantly and suddenly lowers the temperature, 
except after division of the medulla oblongata from the spinal 
cord or when fever is present. On the other hand, it has been 
demonstrated that the products of inflammation (the serum of 
pus, &c.), when introduced into a. healthy animal, cause a rapid 
rise of temperature, which soon passes off if no further injections 
are made.2 It is thus quite possible, that when discharges are 
retained by the blocking of a drainage tube or for any other 
reason, the fever which follows is due, at least in part, to absorp-
tion into the circulation of the retained materials. (In most 
cases of elevation of temperature from tension the pulse is 

1 On Temperature in Disease. 
For' i n ^ V 1 1 6 P T 1 U C t S ° f i n f , a m m a t i o n cause fever is not surprising, 
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correspondingly quick, and the patient feels ill—in fact, he 
has fever. On the contrary, where it is a merely nervous 
phenomenon, I think, though perhaps I may be hasty in this 
conclusion, that the pulse does not increase in rapidity to a 
corresponding degree.) This is, to my mind, the most pro-
bable explanation of the high temperature which occurs after 
ovariotomy in Mr. Thornton's practice.1 Mr. Thornton does not 
drain the peritoneal cavity, but stitches it closely up. lhe 
consequence is, that the fluid effused from the divided pedicle 
or from other injured parts is absorbed by the peritoneum and 
although Mr. Thornton's wounds are aseptic, yet he has lever 
in many cases. This fever, however, is not fatal, for as the 
pedicle heals the discharge diminishes and the temperature 
falls. Here tension cannot be at work ; and further, surgeons 
who drain the peritoneal cavity, and who at the same time treat 
their cases thoroughly aseptically, do not meet with this high 
temperature. Which of these two is the cause of the elevated 
temperature in tension, or whether both may not play a part, 
are questions which cannot as yet be definitively settled. 

Though tension is the most important cause of elevation ol 
temperature in aseptic cases-, there are other minor causes, such 
as retention of feces, the occurrence of menstruation, &c. 

What the meaning of the transitory rise of temperature alter 
aseptic operations is, it would be difficult to say. In some cases 
no doubt, where much blood has been lost, it is merely the rise 
which normally occurs in these circumstances. It seems to be 
established in the case of the lower animals, that after blood-
letting, though the temperature may fall in the first instance, 
it generally rises to a considerably higher level than that at 
which it stood before the blood was taken. Similar facts have 
been observed after blood-letting in man. This rise of tempera-
ture after loss of blood is probably the explanation of the curve 
in Case 16, p. 430 (see fig. 80). Here the ankle joint of a 
heemophilious child was opened and hemorrhage occurred from 
the cut surface on various occasions during the following three 
days; there was no fermentation of the discharge and no 
tension. Nevertheless loss of blood cannot always be the 
cause, for what we may call the 'aseptic curve' occurs in 

' Medico- Cltirurgical Transactions. 1881. 

cases where little or no blood is lost. In aseptic cases it is 
probably a nervous phenomenon, more especially as the pulse 
rate in no way corresponds. I cannot discuss this matter 
further, as much space would be required, and we do not yet 
know enough about the origin and regulation of the tempera-
ture of the body. One fact is, however, apparent, that besides 
the ordinarily recognised elevations of temperature after opera-
tions there is a transitory elevation which occurs soon after the 
operation and as an immediate result of it, and which can be 
readily recognised when all other disturbing causes are excluded. 
I have-not met with any instance of the high temperature 
which Volkmann has after a large proportion of his operations, 
and which he has termed < aseptic fever,' and I do not under-
stand it at all. 
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F , V a ; T J ™ A T U R E C h a r t f r o m a C a s e w h e e e t h e ANKLE JOINT 
liFi TTRPpn fcuri A H ^ M O P H I " O U S PATIENT, AND WHEEE HEMORRHAGE 
RECURRED SEVERAL TIMES (CASE 16, P. 430). 

If one compares the temperature in cases which are treated 
aseptically with that of those which are not, the contrast will 
be found to be very marked. I do not of course by any 
means intend to say, that the temperature is always high after 
operations which are not treated aseptically; far from it. 
Many wounds not treated aseptically heal by first intention, and 
m these there is, of course, no elevation of temperature or merely 
the ' aseptic curve.' Further, in many wounds in which fer-
mentation of the discharges occurs the discharge is drained 
off and but little can be absorbed;, and in other cases the 
wounds are small, or the conditions for absorption are not 
favourable. In these instances there will often be no marked 
elevation of temperature. But in a great number of severe 



FIG. 84.—TEMPERATURE CHART FROM A CASE OF OPERATION FOR RECENT 
FRACTURE OF THE PATELLA (CASE 15, P. 430). 

fermentation.) In the latter case we have an operation of 
greater severity, but the causes of fermentation were excluded, 
and there is a correspondingly normal temperature. The 
difference between aseptic and septic temperatures is also often 
very marked after serious injuries or operations such as com-

FIG. 83.—TEMPERATURE CHART FROM THE CASE OF REMOVAL OF LOOSE 
CARTILAGE FROM THE KNEE-JOINT IN WHICH FERMENTATION OC-
CURRED (SEE CASE 22, P. 434). 

15, p. 430 (see fig. 82). In the former case we have a small 
operation performed on a joint, but fermentation occurred in 
that joint. As' a result we have a severe attack of fever. 
(Here it is interesting to note that there was no putrefactive 

operations treated by the ordinary methods of cleanliness, as 
described at p. 542, there is marked elevation of temperature— 
traumatic fever—and in some cases this passes into a septicasmic 
or pysemic temperature. Look at the temperature chart of 
Case 22, p. 434 (see fig. 81), and contrast it with that of Case 

pound fractures. Contrast the temperatures in the cases of 
compound fracture. In eight cases of compound fracture pro-
duced accidentally putrefaction occurred. In four of these 
(Cases 14, 17, 20, 29) it is stated that the temperature ranged 
for several days after the injury between 100° and 103° or even 
higher. In one case "(No. 4), though there is no statement as 
to the temperature, there can be no doubt, from the description 
of the case, that it was high. The temperature charts of three 
cases are given here, and in two of them (Cases 12, 26) it 
will be seen that traumatic fever was present, while in only one 
(No. 40) was there a* normal temperature. In one case (No. 
58), in which putrefaction occurred after operation, amputa-
tion was performed chiefly because the temperature was rising 
rapidly; and in another, of which the chart is given (Case 68, 
Chart 35), there is little doubt but that some form of organism 
got in, and here also we have a high temperature. Contrast these 
with the highest temperatures in cases of compound fracture 
produced by the surgeon and treated aseptically. The differ-
ence is so marked that I need not dwell on it.1 

If we contrast the local and constitutional course of wounds 
which are not kept aseptic with the foregoing description of 
aseptic wounds, we see a very marked difference. 

Look at the cases treated with antiseptics but not aseptically 
in the foregoing tables. In one case of wound of joint (No. 3) 
putrefaction was not avoided, and the case therefore became, 
as I have previously pointed out, one treated with antiseptics 
but not aseptically. Here fever and inflammation set in, and 
threatened to be so serious in their results that it was considered 
advisable to amputate. In one case of operation on a healthy 
joint (No. 22) the wound was not kept aseptic, and thus the 
case became one treated with antiseptics but not aseptically. 
(It was dressed throughout with the ordinary gauze dressing, 

1 With regard to the temperature charts published in this work, I wish to 
slate that they have not been in any way selected ; 1 publish all the tempera-
ture charts which I have been able to obtain. Till 1877 temperature charts 
were not in use in Mr. Lister's wards ; the temperatures were noted on a card, 
and it was seldom that the clerk took the trouble to copy them into the books, 
unless, indeed, (he ease was a serious one, and the temperature high. Hence 
the average of the temperatures in the charts is probably higher than it ought 
to be. 
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and the spray and carbolic acid were employed with the view 
of preventing the entrance of other mischievous particles.) 
In this case inflammation and fever occurred. Contrast the 
progress of these two cases treated with antiseptics with that of 
the others which were treated aseptically. The same marked 
difference will be seen if we look at compound fractures in 
which fermentation was not avoided. The constitutional 
results in these cases have been considered in a preceding 
paragraph, while locally necrosis, inflammation, and suppuration 
are recorded in several instances. I do not say that these 
are the constant results in cases treated with antiseptics, but 
they are the results in the series of severe operations which 
we have been considering, and if they occur in these severe 
operations there is no security whatever that they will be 
absent from others which are less severe. That these results 
often follow simpler wounds, will be evident from a perusal of 
the foregoing chapters. 

If, again, we take the open method, we find also a marked 
contrast between the local and constitutional consequences of 
wounds so treated and of those treated aseptically. Burow, as 
we have seen at page 334, speaks of the great swelling of the 
edges of the wounds, and Kronlein also tells us of the 
inflammation and necrosis which so frequently occur. The pain 
which must accompany this inflammation, and the exhaustion 
produced by the prolonged suppuration, are very marked features 
of the open method. Kronlein,1 in his report of Rose's practice, 
states that it was found best not to seek primary union after 
amputations. He further states, that the first effect of the 
wound is great swelling of the flaps, which goes on increasing 
for some days, till, in fact, granulation is complete-; this is 
inflammatory swelling. Kronlein also points out, that in 
Burow's, or any other method in which the edges of the flaps 
are brought together by stitches or plasters, the result of this 
swelling is frequently gangrene of portions of the flaps. In-
deed, he says that in 58 cases of amputation treated by 
the method before described (no attempt being made to bring 
the flaps into contact) gangrene—not hospital gangrene-
occurred in six instances, or in 103 per cent of the cases, 

1 Loc. cit. 

simply as the. result of the swelling of the flaps, combined in 
one or two instances with injury to them. Kronlein also states 
that necrosis of the end of the divided bone occurred very fre-
q u e n t l y - * 19 out of the 58 cases, i.e. in 32-7 per cent. This 
happens less often in the cases where the edges of the wound 
are brought together, but Kronlein tries to make out that this 
is chiefly because many of the patients in whom it would have 
occurred die before it has time to take place. This explanation 
is however to a great extent, incorrect; for the true expla-
nation of the absence of necrosis in many cases where primary 
union is aimed at is that primary union has occurred over the 
bone and hence the acute suppurative inflammation of the 
bone due to the contact of irritating materials, which results in 
acute necrosis, does not take place. The aseptic method, by 
preventing this inflammation, renders it a matter of indifference 
from this point of view (the chance of necrosis), whether 
primary union occurs or not. 

Further, in cases treated by the open method there is 
generally more or less fever, showing that absorption is occurring 
from the wound in spite of the free escape of discharge, or 
indicating the presence of inflammation in the wound. Kron-
en! does not enter into details on this subject, but he mentions 

the fact, that m only six, or 8-7 per cent., of the amputation 
wounds treated (67 in number) was there no rise of temperature • 
n n o i m P ^ a t U r e i n t h G S e S i x C a s e s h a r ( % ever went above 

100 I'. This small proportion of cases in which there was no 
fever contrasts markedly with the results after aseptic operations. 

The open method also possesses other disadvantages which 
make the contrast with the results of the aseptic method still 
more marked. Thus there is a constant tendency to the for-
mation of crusts, which are apt to lead to retention of fluids and 
their fermentation beneath the crust; thus the wound loses 
the advantages of the open method. Other disadvantages have 
been previously alluded to. 

The local results of treatment by irrigation and the water-
bath are also not so good as those after aseptic treatment, and 
these methods possess several disadvantages. These disad-
vantages have been previously mentioned, and I need now only 
allude to one or two. Thus the water is apt to run into the 



bed and wet the patient; in order to avoid this, in the ease 
more especially of local baths, the apparatus must be so firmly 
fixed to the limb that swelling is apt to occur. Further, the 
maceration of the epidermis and the sodden state of the granu-
lations are great inconveniences. Also where the water used is 
cold or where ice is too long applied there is great danger of 
gangrene in weak parts. Then, in the case of the water bath 
more especially, where the wound is deep the swelling of the 
granulations from imbibition of water is apt to block up the 
orifice and confine the discharge; and also pus coagulates 
in contact with the water and frequently forms a thick layer 
over the wound. 

I need not dwell further on the points in which the other 
forms of antiseptic surgery are inferior to the aseptic method. 
Many of them are self-evident and have been already alluded 
to. The results, both local and general, of all methods which 
do not bring about an aseptic state of the wound are uncertain, 
and the results of these cases being uncertain the surgeon must 
always have a feeling of anxiety corresponding in degree to the 
severity of the operation and the interest which he takes in his 
patient. 

I have previously said, that on account of the various bene-
fits which are obtainable by the use of the aseptic method, 
it ought to be employed wherever possible, unless, indeed, 
special drawbacks attend its use. Several disadvantages, 
to which I must now allude, have been attributed to this 
method. 

Firstly, it is said that there is a risk of carbolic acid poison-
ing. This, however, is not an objection against the method; 
it is an objection against the antiseptic employed, and is 
equally valid when a wound is treated with carbolic acid, though 
not aseptically. Indeed, the risk of carbolic acid poisoning is 
greater where wounds are not treated aseptically, for it is then 
employed in large quantities to wash out the wound. Where the 
aseptic method is carried out as formerly described, the wound 
not being deluged with carbolic acid either at the time of the 
operation or by injecting it afterwards, the risk of poisoning is 
very slight. The occurrence of dark coloured urine clue to 

absorption of carbolic acid is not very rare, but this is not 
poisoning. Unless a remedy is taken in such quantities that 
the patient's health or life are jeopardised by it, we do not say 
that the patient has been poisoned. In the same way. unless 
the absorption of carbolic acid has been so great as to produce 
serious symptoms, we have no right to say that the patient is 
suffering from carbolic acid poisoning. 

The subject of carbolic acid poisoning has been worked 
out by Kuster, and Nussbaum,1 who has had some experience 
of it, has written a very interesting chapter on the subject. 
According to them, carbolic acid kills by causing paralysis of 
the respiratory centre. The heart continues to beat even after 
the respiration is arrested, and the temperature also falls. In 
severe cases all the symptoms of collapse are present, low tem-
perature, ' at first superficial and stertorous respiration, later 
great pallor and, finally, sudden death by arrest of respiration.' 
In less severe cases the following are the symptoms according 
to Nussbaum:—' They present at first gastric symptoms, which 
must really be looked on as cerebral symptoms. These are loss 
of appetite, frequent nausea or incessant vomiting; there is 
also an increase, often enormous, in the secretion of saliva, 
which is very frothy. The urine diminishes in quantity; 
indeed, it has been said that it sometimes contains albumen, 
but I have never observed this.2 There may also be dysphagia, 
immobility of the pupil, and the patient may have a certain 
feeling of oppression or anxiety. The patients often lie abso-
lutely tranquil in their bed, as if they were prohibited from 
moving, and they have difficulty in spitting out the saliva 
secreted. Fever is never absent till, in serious cases, the tem-
perature falls just before collapse sets in.' In addition to these 
symptoms the urine on standing acquires a dark olive green 
colour, though it may have been of normal appearance when it 
was passed. This is due to the presence of indican. 

The alleged presence of fever in cases of supposed carbolic 
acid poisoning is a very puzzling circumstance; for the evi-
dence derived from experiments on the lower animals does not, 

1 Lextfaden zur antiseptischen Wundbehandhimg. 1881. 
2 Dr. Keith stated, at the recent meeting of the International Medical 

Congress, that the urine in some of his cases contained albumen. 



so far as I am aware, lead to the conclusion that fever is one of 
the results of poisoning with carbolic acid ; on the contrary, 
it seems to be followed by depression of temperature. Under 
the impression that fever was one of the symptoms of carbolic 
acid poisoning, and wishing to produce fever in rabbits, I at 
one time injected carbolic acid subcutaneously at frequent in-
tervals into a series of rabbits, but without obtaining the wished-
for result. So satisfied have some physicians become of the power 
of lowering temperature possessed by carbolic acid that it has 
been employed as an antipyretic in place of salicylate of soda. 
These facts throw grave doubt on the view that elevation of 
temperature is a symptom of carbolic acid poisoning, and lead 
us to question whether many of the alleged cases of carbolic acid 
poisoning are so in reality. 

Many of the cases which have been published as cases of 
carbolic acid poisoning are undoubtedly instances of septicemia 
occurring in patients who have been treated with spray, gauze, 
and carbolic acid, but not by the Listerian method, i.e. 
aseptically. In these cases there is a high temperature, and it 
is said that carbolic acid has been found in the mine. The 
temperature is often distinctly septicemic in character, while 
the presence of carbolic acid in the urine does not prove that 
these are cases of carbolic acid poisoning. On the contrary, 
Brieger,1 who has investigated the subject of the formation and 
excretion of carbolic acid in the living body, states that carbolic 
acid is constantly present in the urine of septicemic patients, 
often in considerable quantities, even though no carbolic acid 
has been brought in contact with them. 

I do not wish to deny that this fever may be sometimes due 
to carbolic acid, but, as far as I can judge, such a view is against 
the evidence, though more facts are required before we can 
come to a decision. That there is something different in the 
result of administering carbolic acid internally and applying 
it to a wound is evident from the fact which Nussbaum mentions, 
that olive-coloured urine only occurs after the external use of 
carbolic acid, and not when it is administered by the stomach 
or inhaled into the lungs. Surgeons ought, however, to be 

1 ' Ueber Phenol-Ausscheidung bei Krankheiten,' Centralblatt f. d. Med. 
Wissensch. 1878, No. 30. 

very careful in attributing elevation of temperature in their 
cases to carbolic acid poisoning. 

In Mr. Lister's practice, and in that of many other surgeons 
who use carbolic acid freely, but who operate aseptically, carbolic 
acid poisoning is a thing of very rare occurrence, indeed I only 
know of two cases treated by Mr. Lister in which serious 
symptoms were present,1 The reason of this is that Mr. Lister 
brings carbolic acid as little as possible in contact with wounds, 
but acts strictly in accordance with the aseptic principle, and 
applies it freely to everything which may come in contact with 
the wound rather than to the wound itself. He does not irri-
gate wounds, nor inject them, nor even wash away the blood and 
dirt from the line of incision. The surgeons who see the most 
numerous examples of carbolic acid poisoning are those who, 
led away by the dogmatic statements of eminent men to the 
effect that the good results of Listerism are solely due to 
cleanliness, apply this view to the treatment of their cases, 
irrigating and washing wounds freely with carbolic acid, to the 
great detriment of the wounds and the patients. 

In the treatment of carbolic acid poisoning the first thing 
is of course to remove the carbolic acid. This may be done 
without at the same time abandoning the aseptic method. By 
the use of eucalyptus gauze,2 or by the use of salicylic or 
iodoform dressings, the patient may have the benefit of the 
exclusion of organisms without the risks of poisoning. In 
severe cases Nussbaum advises the subcutaneous injection of 
three milligrammes of sulphate of atropia, which he says has a 
beneficial effect on the vomiting and salivation ; he also advises 

1 In both of these cases there was elevation of temperature, but it does n o t 
necessarily fo l low that it was due to carbolic acid. The discussion of this, 
subject, and the speculations in which one might indulge with regard to it, are , 
however, not suited for the present work. 

2 I have examined, by means of Koch's method of staining bacteria, a 
number of wounds treated with eucalyptus gauze, and in a very considerable 
proportion of them bacilli were found. I therefore cannot recommend the 
eucalyptus dressings as being equal to those with carbolic acid. As we have 
already seen, micro-organisms are not f ound in wounds treated with carbolic 
acid, or, if present, they are only micrococci. I have not found bacilli under 
carbolic dressings. On the contrary, with eucalyptus oil, though sometimes 
no organisms are present, yet in a considerable number of cases bacilli may 
be found ; micrococci are but seldom seen. 



that the patient should be packed. Where collapse is present 
Nussbaum has derived benefit from the use of the following 
means: friction of the chest, of the hands, and of the soles 
of the feet with a brush, and the subcutaneous injection of 
ether and camphor. In milder cases, besides the removal of 
the carbolic dressings, he advises the use of sulphate of soda as 

. follows :— 
Sulphate of Soda 5 parts. 
Distilled Water 100 parts. 
Syrup of Raspberries . . . . 25 parts. 

Two tablespoonfuls of this mixture are given every two hours. 
This method of treatment was proposed by Baumann, who found 
that carbolic acid was not excreted by the kidneys as carbolic acid, 
but in the form of a non-poisonous compound with sulphuric 
acid. It is with ¿he view of obtaining this non-poisonous 
compound that the sulphate of soda is administered. It is 
said not to do much good. I have myself had no experience 
of it. 

The so-called 'carbolic eczema' has been brought forward 
by some writers. I have already referred to it, and mentioned 
the use of salicylic acid cream as a preventive. It has been 
attributed alternately to carbolic acid, to the paraffin and to 
the resin in the gauze, but as I have already explained, it seems 
to me in some cases more probably due to a fermentation of 
the discharges caused by micrococci (see p. 232). 

In two cases I have known a carbolic acid dressing blister 
the skin in a few hours and have to be abandoned. Here, 
however, as I have before said, it was merely carbolic acid, not 
the aseptic method, which was abandoned; another antiseptic 
was used in its stead. 

Another argument has been brought forward against the 
aseptic method, viz., that it distracts the attention of the 
surgeon from the constitutional state of his patient. Such an 
argument has no foundation in fact. Are the precautions 
necessary to attain the single object of the exclusion of micro-
organisms from wounds more likely to divert the surgeon's 
attention from the constitutional state of his patient than the 
numerous cares as to ventilation, nursing, and so forth, with 
which the surgeon who trusts to cleanliness alone is harassed ? 

In the great majority of simple fractures no attention is paid to 
the constitutional state of the patient; the limb is placed in 
splints, full diet is ordered, and the patient is left till the bones 
unite. Why is it thought necessary to attend to the constitution 
of the patient when the bone is divided by an incision through 
the skin? Because under ordinary circumstances inflammation, 
suppuration, fever, and other hurtful consequences are apt to 
occur. But, as we have seen, the aseptic method avoids all 
these dangers and makes the wound practically subcutaneous. 
Where, then, is the necessity for attending to the constitution 
more than in the case of simple fracture ? 1 But further, as 
Mr. Lister himself has pointed out, such an argument is of no 
weight in presence of the facts; for, if Mr. Lister gets such 
avowedly good results (better than those obtained by surgeons 
who pay great attention also to the constitution), and at the 
same time, as is however wrongly alleged, neglects the con-
stitutional state of his patients, such a fact would be an 
additional argument in favour of aseptic treatment, and only 
prove the great efficiency of the method. 

Then it is said that the method is costly, and therefore 
not applicable in the case of poor patients. Now no doubt 
each individual dressing is costly—costing at the most \Qd. oi-
ls., though generally much less—but then these dressings, after 
the first two or three days, require to be changed only at rare 
intervals, and I have calculated that in most cases, with of 
course some exceptions, the dressings are really in the long run 
cheaper than water dressing changed once or twice daily. But 
further, the aseptic method saves expense in many other ways. 
As the patient has no pain nor fever, it is only in a few cases 
that a trained nurse is required; any sensible friend or servant 
can attend him quite well. And as he is not suffering from 
fever nor weakened by profuse discharges, he frequently does 
not require stimulants or tonics, indeed in Mr. Lister's practice 
these are seldom ordered; this advantage is no doubt to some 

' It must not be supposed from this that I would advise the neglect of the 
constitutional state of the patient. On the contrary, every care ought to be 
taken to attend to hygienic conditions, and by means of good diet to support 
his strength, or by suitable drugs to attempt to remedv any constitutional 
defects. 



extent counteracted by the fact that the patient has an excel-
lent appetite. Further, wounds heal on an average more quickly 
than when treated by the ordinary methods, and as the patient 
is not weakened by the presence of fever or discharge, the 
period of convalescence is shorter. This is, of course, of the 
greatest importance to the bread-winner, for he is well and 
back at his work while the patient who has not been treated 
aseptically, and whose wound has not united by first intention, 
is still undergoing treatment or recruiting his powers in the 
country. Thus in numerous ways, of which these are a few 
examples, expense is saved, and on the whole this treatment 
is from this point of view the one most applicable to poor 
patients. 

Lastly, it has been said that the aseptic method gives the 
surgeon a great deal of trouble. Now there is no doubt that 
at first each operation and each dressing requires care and 
thought, but then the dressings are unfrequent, and by-and-bye 
the method becomes more or less instinctive. This argument 
of trouble could not, however, be seriously upheld for a 
moment, for if a system is good it must be carried out in spite 
of the trouble involved. Why does one take so much trouble 
in perfecting one's anatomical, physiological, or practical know-
ledge but simply with the view of being able to treat his 
patients better ? For the same reason the trouble ought to be 
ungrudgingly expended here. And if there were no other 
reason (such as the safety and well-doing of the patient), the 
relief from anxiety on the part of the surgeon, and the feeling 
of certainty as to the result, are of themselves a sufficient 
reward for all the trouble bestowed. The chief point which is 
laid stress on as giving rise to increased trouble is the use of 
the spray. I have already discussed this question at pp. 73, 
120, and 364, and I have also pointed out the methods by 
which treatment without the spray may be carried out. As I 
have said, the spray is the least necessary of all the precau-
tions, because fewer micro-organisms are present in the air 
than on surrounding objects, and, therefore, the purification of 
the air is the least important: further, if any particles do fall 
on the wound from the air, they may be readily destroyed by 
washing the surface of the wound with an antiseptic lotion. 

I have already pointed out that the spray can be dispensed 
with, and that operations can be performed without it ; it can-
not, however, be safely abandoned without a substitute being 
provided in the shape of frequent irrigation of the wound. In 
proof that aseptic surgery may be carried on without the spray 
we have Mr. Lister's work of several years—and very successful 
work it was too—before he introduced the spray; but then 
while he performed the operation he constantly poured carbolic 
oil or carbolic lotion into the wound, and in dressing the case 
he had a current of the oil or lotion flowing over the wound 
Then further, we have Mr. Calender's experience. He prac-
tically employed, with some modifications, Mr. Lister's original 
method with carbolic oil, and his results were good. And 
m 1879, Trendelenburg 1 published the results which he had 
obtained without the use of the spray. He employed the 
method of continually irrigating the wound with carbolic lotion 
while he performed the operation and while he dressed the 
wound. And his results are, in the main, as indeed was only 
to be expected, aseptic results. He mentions eighteen cases 
where hydroceles were opened and successfully drained ; eight 
cases where the sheaths of tendons or ganglia were opened 
without local reaction; twelve cases in which joints were 
opened m only one of which was there inflammation; and 
five osteotomies, of which one died of tetanus, the others 
doing well. The spray, however, has advantages which seem 
to me far to outweigh its disadvantages. In the first place, I 
thmk it is really less trouble to have a spray playing over a 
part than to be continually irrigating it with carbolic lotion. 
Further, there is a feeling of certainty attending an operation 
conducted under the spray (see p. 259;, for if no spray is used 
«eptic particles may fall into the wound and escape the action 
ot the lotion; this is most likely to be the case while the 
wound is being stitched up, and these particles maybe pro-
tected by the blood clot from the action of the carbolic acid, 
and may not be destroyed by the clot or the living tissues, 
but may develop and cause fermentation in the wound. Lastly 
the spray has this great advantage over irrigation, that less 
cai Dolic acid is applied to the wound, and thus there is less 

1 Loo. oil. 
Q Q 2 



irritation of the cut surface and less chance of absolution of 
carbolic acid into the system. It cannot be a good thing 
either for the patient or for the wound to be constantly 
deluging it with strong carbolic lotion. 

The whole principles of wound treatment may be summed 
up in the one word—REST. This has been urged by many 
writers, from Magatus downwards, and indeed before the time 
of Magatus ; but it is only within the last few years that science 
has so far advanced as to enable us to grasp the whole signifi-
cance of that term as applied to the treatment of wounds. 
The causes of UNREST may be mechanical or chemical.1 The 
mechanical causes consist of movement of the parts, of the 
presence of foreign bodies, of tension in the wound, and so on ; 
and they are, as a rule, easily avoided by the use of suitable 
apparatus, by the removal of mechanical irritants, or by providing 
against the occurrence of tension; and inasmuch as they are 
easily avoided they are comparatively unimportant. The most 
important and the least easily prevented are the chemical causes 
of Unrest, and these may be divided into two great classes: 
1. Where the chemical substance is merely something—a salt, 
or an acid, or an alkali—added to the wound from without, 
such as carbolic acid. Such a chemical cause will act only in 
proportion to the amount added, to its irritating property, and 
to the length of time that it remains in contact with the surface 
of the wound. When the original quantity is exhausted the 

1 Mr. Lister long ago divided the causes of suppuration into three great 
groups : 1. Putrefactive suppuration where it was due t o the presence of 
putrid materials; 2. Antiseptic suppuration where it was due to tlie presence 
of some chemical substance, such as the antiseptic employed in the treatment 
of the wound ; 3. Suppuration the result of nervous disturbance, as intension. 
This classification still, I think, holds good, notwithstanding the recent work 
of Dr. Ogston referred to at pp. 248, 253, who has expressed the opinion that 
all acute abscesses are due to micro-organisms. The observations which I 
have published at p. 251, and others which 1 brought forward at the recent 
meeting of the International Medical Congress, seem to me to go against this 
view. At the Congress Mr. Lister also pointed out a number of clinical facts 
which proved that other causes of acute inflammation and suppuration exist 
besides the action of micro-organisms. I do not, of course, deny that micro-
organisms are the cause of many of the acute abscesses in which they are 
found, but I think that in some they are accidental, and that suppuration 
may be induced otherwise than by their action. 

chemical irritation ceases. 2. The other cause of chemical 
Unrest is where the chemical substance is being constantly 
formed in the wound. Here we have much the most formidable 
cause to deal with, for there is no exhaustion of the substance, 
but, on the contrary, continued formation of fresh material so 
long as the causes of this formation are present in the wound; 
and, as we have seen, the eradication of these causes, once they 
have entered, is a very difficult matter, and thus these causes 
of Unrest are the most important. To interfere with these 
causes of Unrest is the main object of antiseptic surgery. The 
prevention of their entrance is the special aim of aseptic treat-
ment. The prevention of the entrance of micro-organisms is, 
as we have already seen, apparently much more easily and 
better accomplished than their destruction after they have 
entered. And further, in attempting their destruction after 
their admission, the wound is subjected in a marked degree to 
chemical Unrest of the first class. The ideal wound is a sub-
cutaneous one, kept at perfect rest. We have not yet attained 
this ideal, for even with the aseptic method there is a certain 
amount of Unrest caused by the antiseptic employed, by the 
stitches, by the apparatus for drainage, and by the dressing 
itself. Nevertheless, the essential elements of Unrest have 
been abolished by this method, and the disturbances from the 
antiseptic, from the stitches, and so forth, have been reduced to 
a minimum, and now hardly make themselves evident. That 
art will still further perfect the treatment of wounds there can 
be no doubt; but whatever development occurs in the future, the 
great principles of Listerism, the exclusion of the chief causes 
of chemical Unrest, and the reduction of the action of the other 
causes to a minimum, must form the groundwork of any system. 

In conclusion, I cannot too strongly express my conviction 
that the scientific basis of wound treatment should hold the 
most prominent place, and that it is only by a thorough know-
ledge of natural phenomena in all their bearings that the best 
practice can be carried out and the best results obtained. 
Loose observations and loose and vague ideas as to probabilities 
which have no foundation on the facts of nature, cannot 
acivance art in any way. Natural phenomena are generally 
found to differ from the conception which man in his ignorance 



is apt to form of them ; and therefore any statements on any 
subject, to be of value in the development of that subject, 
must be founded on knowledge and rigid application of the 
facts of nature, whether or no these facts seemed at first sight 
probable or sufficient explanation of the phenomena. That 
advance can only be blind and imperfect till the true law of 
nature is discovered is well illustrated by the history of wound 
treatment in former years. Through the darkness which then 
reigned glimmers of light had at times penetrated, but no 
true and lasting progress was made till quite recently, when, 
chiefly by the scientific labours of two men—Pasteur and 
Lister—a flood of light has been thrown on one of the most 
obscure subjects in nature, and the foundation of rational 
methods of treatment on rational' and scientific principles has 
been followed by inestimable advantages to mankind. 

EXPLANATION OF THE PLATES. 

These specimens have been drawn by the aid of the Camera Lucidu, and Zeis' 
mater-immersion or oil-immersion lenses mere those chiefly employed. 

PLATE I. 
PIG. PAGE 

1. Micrococci, from a wound treated aseptically, growing in infusion 
of cucumber, x 1450 231 

2. Specimen or discharge taken f rom a case of compound dislocation 
of the thumb not treated aseptically. Contains numerous micro-
organisms. x1450 . . . . . . . . . 235 

3. Specimen of the discharge from a case of wound of the scrotum not 
treated aseptically. Contains numerous micro-organisms, x 1450 235 

4 Discharge from a case not treated aseptically. Bacilli and pus 
cells, x 1450 ' • • . 2 3 5 

5. Discharge f rom a case of amputation treated by irrigation. Red 
blood corpuscles, leucocytes, a few bacilli, x 1450 . . . 235 

6. Discharge from a case of excision of the hip-joint treated with anti-
septics. Micro-organisms and blood-corpuscles. x l 4 5 0 . . 235 

7. Discharge f rom a case of Syme's amputation treated with antiseptics. 
Pus corpuscles and micro-organisms, x 1030 . . . . 236 

8. Discharge f rom a ease of empyema treated aseptically. Leucocytes: 
no micro-organisms, x 1030 . . . . . . . 237 

PLATE II. 
!). Discharge from a case of empyema treated aseptically; taken at a 

later period than that in the specimen f rom which fig. 8 was 
drawn. No micro-organisms, x 1030 237 

10. Discharge from a case in which a diseased knee-joint was incised 
aseptically. No micro-organisms, x 1030 238 

11, 12, 13, and 14 are from specimens taken at different times f rom a 
case treated aseptically. The first three specimens are free from 
micro-organisms; the last contains micrococci, x 790 . . 239 
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FIG. PAGE 

15 and 16. Taken from a ease of excision of the mamma treated with 
aseptic precautions. Fig. 15 contains no micro-organisms, x 790. 
Fig. 16 contains numerous micrococci, x 550 . . . . 210 

PLATE III. 
17. Specimen from a case of operation performed with aseptic precau-

tions. Contains a f ew micrococci , x 1030 240 
18, 19, and 20. Specimens to illustrate the mode of entrance of micro-

cocci into wounds treated aseptically. F ig . 18 shows discharge 
taken from the drainage tube on March 31. No micro-organisms, 
x 790. Fig. 19 shows discharge taken f r o m the edge of the 

dressing on April 4. Micro-organisms are present x 1030. Fig. 
20, taken from drainage tube on April 4, contains no micro-organ-
isms. x 1030 241 

21, 22, 23, and 24, illustrate the same point. Fig. 21, taken from the 
gauge on April 4, contains a few micrococci. Fig. 22 taken f rom 
the inner drainage tube on April 5, contains no micro-organisms. 
Fig. 23, taken from the inner drainage tube on April 8, contains 
one or two micrococci. Fig. 24, taken from an outer drainage 
tube leading into an abscess cavity, on April 15, contains no 
organisms. Figs. 21, 23, and 24 also illustrate the fact that the 
leucocytes found in exudations from wounds treated aseptically, 
frequently do not appear as healthy pus cells, but seem to be de -
generating, or, if derived from the tissue corpuscles, perhaps to 
have been imperfectly developed. All the specimens are x 1030 242 

PLATE IV. 
25. Growth of micrococci as observed under the microscope by Mr. 

Lister, a. Group at 8'55 a.m. b. Same group at 9-4 a.m. 
c. Same at 9-30 a.m. d. Same at 10 36 a.m 244 

26, 27, and 28 represent micrococci growing in various materials. Fig. 
26, discharge f rom the wound from which the micrococci were 
taken, x 600. Fig. 27, the same micrococci growing in vitreous 
humour, x 1030. Fig 28, the same growing in cucumber infusion 
after having previously lived in meat infasion. x 1030 . . 245 

29. Pus taken from a chronic abscess, contains no micro-organisms. 
x 1030 254 

30. Pus taken from an acute abscess of the mamma when opened, con-
tains micrococci, x 1030 . . . . . . . . 254 

31. Pus taken from an acute abscess of the finger, contains micrococci. 
x 1030 , 254 

32. Pus taken from an acute abscess of the groin when opened, contains 
streptococci, x 1030 256 

PLATE Y. 
NO. PAGE 
33 to 38 were kindly examined for me by Mr. E. Nelson, whose skill in 

microscopical work, and more especially in the uses of illumina-
tion, is so well known. These specimens have been drawn from 
his microscope. 

33. Specimens of milk which had been preserved without boiling for 
several months. Contains no organisms ' . . . . . 4 1 

34. Specimen of the deposit in a beaker containing cucumber infusion, 
into which the spleen of an animal had been dropped some clays 
previousty. No micro-organisms . 46 

35. Specimen of dust collected and stained with methyl violet. One or 
two bodies are present which are indistinguishable from micro-
cocci and bacteria, and have taken up the stain . . . . 1 9 8 

36. Specimen of discharge taken on April 13, from a case of removal 
of loose cartilage from the knee-joint in which suppuration 
occurred. Contains oval organisms . . . . . . 454 

37. Specimen of discharge taken on April 18, from the same case . . 455 

38. Discharge taken on April 22, f rom the same 456 

9. Piece of liver introduced into the abdominal cavity with aseptic 
precautions, examined 24-48 hours later. Leucocytes have pene-
trated between the lobules of the liver, and at the upper part of 
the figure have already become spindle-shaped (Hartnack 2 eye-
piece, 7 objective). From Tillmanns 575 

40. Piece of dead liver after 17 days in the abdomen; organisation of the 
leucocytes into fibrous tissue, vessels, &c. (Hartnack, 2 eyepiece, 
7 objective). From Tillmanns . . . . , • . . 575 
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300 
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253 
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— Anel on aspiration of, 300 
— aseptic drainage of, 110 
— - aseptic treatment of, 109 
— chronic, effects of air on, Aberiletliu 

on, 306 
B. Bell on, 305 

~ — A. Munro on; 30(5 
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— treatment, of, Pearson, on, 312 

— llichter on, 30» 
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— near anus, aseptic treatment of, 112 
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of, 110 
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307 J 
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539 
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results of, 517 
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Absorption by granulations. IlacU on, 
268, 269, 407 
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treatment, 139, 363 
Amputation in phthisis, 559 
Amussat on irrigation, 341 
Anal abscess, aseptic treatment of, 112 
Anel on aspiration of abscesses, 300 
Animal tissues boiled, fermentation of , 

14, 22, 24 
unboiled, fermentation of, 45 

Antiseptic, definition of term, 1 
— derivation of term, 1 
— surgery, history of, 290 

in sixteenth century, 292 
seventeenth century, 296 

. eighteenth century, 300 
present century, 317 

meaning of term, 1, 145, 265 
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result, 367 

principles of, 288 
relations to fermentations in 

wouncls, 366 
relations to infective disease, 540 
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summary of views on, up to 1800, 

314 
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— Colbatch on use of, 297 
— in common use, 348 et seq. 
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&c., 4 
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compound fractures, 462, 563 
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Aseptic operations, diet after, 576 
duties of dresser in, 72 
errors in, how corrected, 74 
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temperature after, 576 
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5 4 0 
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to, 561 
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A U T 
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in war, 123 
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563 
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: wounds of abdomen, 115 
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joints, 114 

results, 422 
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thorax, 115 

relation to erysipelas, 541 
trouble connected with, 594 
use of acetate of alumina in, 139 

eucalyptus oil in, 140 
thymol in, 139 
salicylic acid in, 136 

Aseptic wounds, Author on micro-
organisms in, 229 

i drainage of, 76 
micrococci in, 243, 256 
stitching of, 85 
strapping of, 86 
substitutes for carbolic acid, 136 

Aseptic use of cotton wool, 141 
salicylic acid, results of , 404 
thymol, results of, 404 
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teria by healthy tissues, 252, 283 
— experiments on fermentation, 25 

of blood, 35 
micro-organisms in aseptic 

wounds, 229 
relation to living body, 

205 et seq. 
spontaneous generation, 193, 

195, 200, 202 
— on fermentation of boiled urine, 25 
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AUT 
Author, on fermentation of unboiled 

milk, 39 
urine,»37 

Axilla, aseptic dressing of, 100 

BACILLI in wounds treatèd with 
eucalyptus gauge, 591 

Bacteria, formation of pigment by, 212 
— Koch's method of staining, 233 ' 
— under A. Guérin's dressing, 329, 330 
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— muslin, 89 
Bandaging of gauze dressing, 89 
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Bardcnheuer, results with aseptic treat-

ment, 41d 
— statistics of compound fractures, 509 
Burlier on use of cotton wool, 143 
Barnes on results of cleanliness, 548 
Barth's statistics of wounds of joints 

445 
Bartscher and Vezin's open method of 

treatment, 277, 332 
Bastían on spontaneous generation 

176, 181, 187, 191, 196 
Bataillé on dressings with alcohol, 348 
Bell, Benjamin, on action of air on 

wounds, 305 
on drainage tubes, 305 
on wound treatment, 304 

Bell, Sir C., on removal of loose carti-
lages, 312 

subcutaneous division of li°-a-
ments, 319 

Bell, John, on effects of air on wounds 
310 

treatment of corn pound frac-
tures, 311 

wounds of joints, 311 
wound treatment, 312 

Ballante on treatment of wounds, 300 
Bennion oil wound treatment, 336 
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Bert on fermentation, 220 
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201 
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— — wound treatment, 302 
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C A R 

Billroth and Tiegel on fermentation of 
unboiled animal tissues, 44 

Bistournage, 249 
Blanchard on A. Guérin's dressing, 326 
Blondus on treatment of wounds, 292 
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BoerhaoKe on putrefaction of pus, 301 
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Bone, gunshot wounds of, results of 
512 

— organisation of, 571 
Bon net on cauterisation of wounds, 338, 
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use of, 93, 268 
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Bouisson's method of ventilating 
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Carbolic acid, oily solutions of, .53 
poisoning, 588 et seq. 
solution of, in glycerine, 54 
substitutes for, 136 
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use in treatment by antiseptics, 

267 
watery solutions of , 53 
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— chemical, 2 
— definition of, 1 
— gaseous theory of, 4 
— in wounds, is it prevented by the 

'aseptic method ? 226, 366 
—relat ions of antiseptic surgery 

to, 366 
— lactic, 214 
— Lemaire on, 218, 353 
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Fermentation, Lielig on, 9, 197, 208 
- particulate theory of, 1 

— Pasteur's theory of, 223 
— pigment, 212 
— prevention of, 51 
— putrefactive, 218 
— relation of micro-organisms to, 205 
— summary of views on, 17 
— of tissues in the l iving body, 50 
— of unboiled animal tissues, 44 

egg albumen, 42 
grape juice, 30 

— milk, 37 
substances, 30 
urine, 36 
vegetable tissues, 44 
viscous, 214 
vital, 2, 206 

Ferments, theories of actions of, 205 
Ferrier and Yea's experiments on mon-

key, 567 
Fiorarenti, balsam of, 347 
Fischer, E., on micro-organisms in 

wounds, 228 
— H„ on use of alumina acetate, 363 
Focli on immersion, 344 
Forceps, sinus, 79 
Fore-arm, compound fractures of. See 

Compound fractures. 
Fractures, compound. See Compound 

fractures. 
Fraenchel and Volkmann's septic re-

sults of compound fracture, 511 
Frankland on Bastian's experiments, 

189 
Fritze on water dressing, 316 

Q A N G R E N E , aseptic treatment o f . 

Gaseous theory of fermentation, 4 
Gauze, carbolic, bandage, 89 

general dressing, 89 
. loose, 89 

Miinnich, 362 
use in deep dressing, 88 

carbolised, preparation of (Lister's), 
6 1 

(Von Brun's), 63 
— dressing, how to make a, 64 
— eucalyptus, 141 
— thymol, 139 
Gay-Lussac on fermentation, 4 

of unboiled grape juice, 30 
Gayon on fermentation of unboiled egg 

albumen, 42 
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Gelatinous degeneration of joints, asep-
tic treatment of, 442 

Generation, spontaneous, theories of, 
145 et seq. 

Gensoul on crust formation, 338, 349 
Genu Valgum, MacEwen on, 504 

Oyston on, 322 
Gibson on removal of loose cartilages, 

313 
Glycerine, treatment of wounds by, 348 
Gosselin on A. Guérin's dressing, 329 
Goyraud on subcutaneous surgery, 321 
Granulations, absorption by, 268, 407 
Grape juice boiled, Gay-Lussac on, 5 

unboiled, fermentation of, 30 
Gross on subcutaneous osteotomy, 322 
— M., on aseptic treatment, 399 
Gruithuisen on spontaneous generation, 

182 ' 
Gscheidlen and Traube on destruction 

of bacteria by healthy tissues, 283 
Guard, use of, in aseptic operations, 74 
Guérin's, Alphonse, cotton wool treat-

ment, 280, 325, 408 
Guérin, Jules, on occlusion, 323, 324, 

325 
subcutaneous surgery, 320 

Guersant on use of chlorinated soda, 
349 

Gunshot wounds, aseptic treatment of, 
123 

of bone, results of, 512 
joints, 447 

Guy ut on treatment by incubation, 317 
Guyton on chlorine as a disinfectant, 

349 

TTACK on absorption by granula-
- L J - tions, 268, 407 
Hands, purification of, 67, 69 
Hartley on spontaneous generation, 189 
Hawkins, Chas., on occurrence of phage-

dfena, 518 
Hevntzel's statistics of gunshot wounds 

of joints, 453 
Heister on wound treatment, 302 
Helmholtz on fermentation, 8 
Hernia, aseptic dressing of, 105 
Heron, early reports of Listerian men . 

thod, 134 
Hervey on A. Guerin's dressing, 326 
Herrieux on use of chlorinated soda, 

349 
Heterogenesis, theories of, 145 
Ilewett, Prescott, on pyiemia in private 

practice, 548 
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Hinyston on use of carbolic acid, 357 
Hip joint, aseptic dressing of abscess 

of, 104 
History of antiseptic surgery, 290 

Lister's earlier aseptic methods, 
128 

Holmes on the germ theory, 225 
results with cleanliness, 547 

— statistics of amputations, 414 
compound fracture, 512 

Hoppe-Seyler on fermentation of un-
boiled milk, 37 

Horse-hair drains, 82 
reintroduction of, 83 

Hospital, St. Bartholomew's, major am-
putations at, 407 

Hueter on aseptic surgery, 39 S 
puncture of joints, 447 

Huizinga on spontaneous generation, 
181 

Humerus, compound fractures of. See 
Compound fractures. 

Humphrey on the open method, 334 
Hunter, J., on bad effects of air, 308 

crust formation, 310, 335 
resistance of blood to putrefac-

tion, 284 
wound treatment, 310 

Hutchinson, method of using alcohol 
269, 348 

— on pyaiinia in lower animals, 548 
— results with alcohol, 407 
Huxley on spontaneous generation, 188 
Hydrocele, aseptic treatment of, 568 

T M M E R S I O N , history and results of . 
JL Sec Irrigation. 
— treatment by, 272 
Incubation, treatment by, 317 
Infective diseases, définition of, 367 

germ theory of, 552 
relations of aseptic surgery to, 

368, 540 
relation of treatment with anti-

septics to, 405 
Inflammation, absence of, in aseptic 

wounds, 566 
Instruments, purification of, 67, 69 
Intestines, wounds of, aseptic treat-

ment, 115 
Iodine, use of, as an antiseptic, 350 
Iodoform, 65, 350 
Iron perch loride, as a disinfectant, 350 
Irrigation, course of wounds treated 

by, 587 
— history of, 338 
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Irrigation, its relation to fermentation 
in wounds, 366 

— treatment by, 272 
— and immersion, results of , 344, 346, 

406 
Isanribert on irrigation, 342 

TA W , lower, compound fractures of. 
See Compound fractures. 

Joints, abscess of, 443 
— dangers of wounds of, 296, 305, 308, 

311, 313, 314, 558 
— excision of. See Excision. 
— gelatinous degeneration of, 442 
— gunshot wounds of, 447 
— operations on, 305, 312, 446 et seq. 
— healthy, results of aseptic treatment, 

426 
wounds of, aseptic course of, 421 

treatment, 114, 419 
Joly on spontaneous generation, 172 
Josse on irrigation, 339 
Jute, salicylic acid, 138 

~T7~ETTII, aseptic ovariotomy, 403 
Kern, Vincerne von, on wound 

treatment, 315 
Klebs on micro-organisms in wounds, 

228 
Koch, method of staining bacteria, 233 
— on micrococci, 244 
Krashe on gunshot wounds of joints, 

447 
Kronlein, results from open treatment, 

410, 586 
— statistics of compound fracture, 514 

LABARAQUE, Liquor de, 349 
Lactic fermentation, 214 

Lwmorier on irrigation, 339 
Lanfranc on immediate union of 

wounds, 291 
LangenbecJc on the permanent water 

bath, 342 
subcutaneous osteotomy, 322 

Lanhester, E. ¡lay, on spontaneous gen-
eration, 189 

Lannelongue on occlusion, 325 
Larrey on wounds of joints, 314 
— statistics of operations on joints, 459 
Latta, on psoas abscess, 306 
Laugier on occlusion, 323 
Lavoisier on fermentation, 3 
Le Boni/ on tincture de saponine, 352 
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Leconte and Bemarquay on carbonic 
acid gas, 331 

Le Fort on dressings with alcohol, 348 
Leg, compound fractures of. See Com-

pound fractures. 
Lemaire on ' coal tar saponine,' 352 

fermentation, 218, 353 
—• — use of carbolic acid, 354 
Letievant on operations on joints, 447 

results of aseptic treatment, 399 
Leuwenhoeoh on yeast, 6 
Leveille on removal of loose cartilages. 

313 
Liebig on fermentation, 9, 197, 208 
Ligature of vessels with catgut, 75 
Limbs, aseptic dressing of, 101 
— compound fractures of, summary o f , 

478 
Lime, chloride, in wound treatment, 

349 
Lindpaintner on Nussbaum's statistics, 

390 
Lister, compound fractures, summary o f , 

484, 498 
— earlier aseptic methods, 128 
— on aseptic treatment in war, 123 

use of cotton wool, 141 
causes of suppuration, 596 
crust formation, 128, 337 
destruction of bacteria by healthy 

tissues, 282 
eucalyptus oil , 141 
fermentation, 17 

of blood, 35 
boiled milk, 20 

urine, 20 
unboiled milk, 39 
— urine, 36 

lactic fermentation, 215 
organisation of the catgut liga-

ture, 572 
— originator of aseptic system, 359 

et seq. 
— on spontaneous generation, 192,194, 

199 
treatment by cleanliness, 544 
use of zinc chloride, 349 

— operations on joints, summary of, 
440 

— results of aseptic treatment in Edin-
burgh, 371 

Glasgow, 368 
London, 382 

— treatment by antiseptics in 
Edinburgh, 376 

— summary of spinal abscesses, 536 
— table of compound fractures, 466 
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Lister, table of operations on joints, 
421 

spinal abscesses, 522 
Listerian method, de\ elopment o f , 127 

358 
— - materials emploj-ed in, 52 
Listerism, definition of, 554 
— principles of, 51, 359 
Linton on water dressing, 316 
Limn and Cazeneme on fermentation, 

218 

of unboiled urine, 37 
on spontaneous generation, 

195, 201 
Lombard on treatment of wounds, 315, 

339 
Lotion, boracic, 64 
— carbolic, 53 
Lumbar abscess, Abernethy on, 306 

aseptic dressing of, 104 
results of. See Vertebral abscess. 

on acetate of alumina, 139, 

MaeCormao on gunshot wounds of 
joints, 452 

statistics of compound fractures, 
509 

MacEicen, Mr., Glasgow statistics, 370 
— Br., absorbable drainage tubes, 84 

operations on bones, 504 
Mackintosh, use of, in gauze dressing, 

63, 90 
Magatus on wound treatment, 295 
Malgaigne on effect of air on wounds, 

331 
irrigation, 341 

— statistics of septic treatment, 413 
Maisonnexive on occlusion, 324 
Malloch, early reports of Listerian 

method, 134 
Mamma, dressings after operations on, 

97 
Mantegazza on spontaneous generation, 

172 
Mayor on immersion, 310 
Mc Fail's statistics, 415 
Meat, fermentation of. See Animal tis-

sues. 
Meissner on fermentation of unboiled 

animal tissues, 49 
Melladew on aseptic treatment in war, 

127 
Meyer on subcutaneous osteotomy, 322 
Micrococci, Billroth on, 243 
— characteristics of , 244 
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Micrococci, definition of, 243 
— in wounds treated aseptically, 243 

247, 256 
— Koch on, 244 
— Lister on, 244 
— mode of growth of, 244 
— relations of, to carbolic acid, 261 
— their significance in acute abscess, 

255, 596 
— Tiegel on, 244 
Micro-organisms, are they excluded 

f rom wounds by aseptic treatment 1 
227, 454 

— Author on relations of, to living body, 
205 et seq. 

— destruction by healthy tissues, 252, 
282 

— in acute abscesses, 253, 597 
— in chronic abscesses, 253 
— in wounds treated aseptically, 227 

et seq. 
— in wounds treated with eucalyptus 

gauze, 591 
— not present in,body in health, 248 
— relation of, to fermentation, 205 

living bod}', 205 et seq. 
— resistance to heat of, 203 
— their presence in disease, 250, 597 
— relation to spontaneous generation, 

145 et seq. 
Milk, Appert's method of preserving, 15 
— boiled, fermentation of, 14, 15, 20. 

22, 25 
— unboiled, fermentation of, 37,38, 39, 

214 
Milton on use of potash chlorate, 350 
Morgan, Campbell de, on use of zinc 

chloride, 349 
Mtrrton's statistics, 371 
M'iinnieh's carbolic gauze, 362 
Munro, Alex., on bad effects of air, 306 
— Hugh, on bad effects of air, 306 
Muscles, wounds of, aseptic treatment. 

114 
Museulus on ammoniacal fermentation 

of urine, 207 
Musset on spontaneous generation, 172 
Myotomy, subcutaneous, 319, 320 

"VT2EVI, treatment of, 119 
1\ Keck, aseptic dressing of, 96 
Necrosis after compound fracture, cause 

of, 557 
Needham on spontaneous generation, 

146, 149 
Nelaton on dressings with alcohol, 348 
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Nélaton on irrigation, 341 
Nerves, wounds of, aseptic treatment, 

114 
Neuber, ab-orbali!e drainage tubes, 83, 

362 
— on Esmarch's statistics, 397 

— permanent aseptic dressing, 362 
Ntmdorfcr on crust formation, 271, 279, 

335 
Listcrism, 360 

Meet on irrigation, 340 
Nussbaum on carbolic acid poisoning, 

589 
operations on joints, 447 

— results of cleanliness, 390, 391, 546 
— statistics, 389, 393 

OBJECTIONS to aseptic treatment, 
588 

Occlusion, history o f , 322 
— its relation to fermentation in 

wounds, 367 
— results o f , 323, 407 
Ogston on absence of micro-organisms 

from healthy body, 250 
micro-organisms in abscesses, 253 

wounds treated asepticallv, 
263 

subcutaneous osteotomy, 322 
Ointment, boracic, 64 
— eucalyptus, 141 
— salicylic, 65 
Oilier on A. Guérin's dressing, 330 
Open method of treatment, 276 

general course of wounds, 586 
history of, 332 
relation to fermentation in 

wounds, 366 • 
results of 333, 408 

in compound fracture, 514 
Operations, aseptic, diet after, 576 

on healthy joints, 420 
results of , 426 

— asepticallv performed, duties of 
dresser in, 72 

— example of, 67 
ligature of vessels, 75 

i use of guard in, 74 
s towel in, 67, 72 

— necessary, more frequently justifi-
able with Listeristn, 559 

— on the weak and diseased, 559 
Organisation in blood clot, 568 
• bone, 571 

catgut, 571 
dead tissue, Tillmanns on, 573 
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Organisation in sloughs, 570 
Osteitis, aseptic treatment o f , 503 
Osteo-myelitis, treatment of, 558 
Osteotomy, subcutaneous, history o f , 

321 
Otius on water treatment, 339 
Ovariotomy, aseptic dressing of, 109 

JDAGETon operations on joints, 460 
pyemia in hospital, 548 

results of psoas abscess, 539 
Palatins on irrigation, 339 
Panas on aseptic treatment, 399 
— — A. Guérin's dressing, 328 
' Pansement ouaté.' See Wool cotton, A. 

Guérin's method. 
Pasteur on alcoholic fermentation, 209 
— on butyric fermentation, 212 
— cultivating fluid, 167 
— examination of air by, 165 
— on fermentation, 15 

of blood, 33 
boiled milk, 15 
unboiled grape juice, 32 

urine, 36 
A. Guérin's dressing, 329 
spontaneous generation, 164,191, 

195, 202 
— theory of fermentation, 223 
Paracelsus's views on wound treatment, 

292 
Paré, views on wound treatment; 293 
Parmanvs on wound treatment, 300 
Particulate theory of fermentation, 1 
Paul's statistics of septic treatment, 

414 
Pearson on treatment of psoas abscess, 

312 
Percy on wound treatment, 315, 339 
Perineum, aseptic treatment of abscess 

of, 112 
Phthisis, operations in, 559 
Picard on immersion, 342, 345 
Piéchaud on wounds of joints, 446 
Pigment, formation of, by bacteria, 212 
Pins, use of, in gauze dressing, 89 
Poisoning with carbolic acid, 588 et seq. 
Poncet on A. Guérin's dressing, 330 
Potash chlorate, 350 
Pott, Percival, on wound treatment, 304 

results of compound fracture:, 
304 

Povehet, examination of air by, 163 
— on spontaneous generation, 153,168, 

196 
Pringlc cn effects of foul air, 304 
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Protective, errors in use of, 87 
— preparation of, 60 
— use in aseptic dressing, 87 
Psoas abscess, asepti j course of, 519 

dressing of, 101 
early incision of, 519 
probabilities of putrefaction in, 

537 
results of, 305, 306, 312, 517 
situation of incision, 102, 517 

Pupier on immersion, 346 
Purification of hands, 67, 69 

instruments, 67, 69 
recent wounds, 112 
septic wounds, 93, 114 
skin, 67, 68 

Putrefaction, definition of, 1 
— dangers of, 551 
— eradication of, in compound frac-

tures, 478 
— of pus, Bocrliaave on dangers of, 301 
—¿theories of . See Fermentation. 
Putrefactive fermentation, 218 
Pya:mia in good hygienic conditions, 

548 
— relations to fermentation in wounds, 

550 

ANKE on micro-organisms in asep-
tic wounds, 227 

Renault on use of antiseptics, 351 
Rest, Mayatus on, 295 
— mechanical, as an antiseptic method 

of treatment, 281 
— the fundamental principle of wound 

treatment 596 
Results of antiseptic surgery. See Anti-

septic surgery. 
aseptic treatment. See Aseptic. 

— general aseptic, summary of, 417 
— of A. Guerin's dressing. See Wool 

cotton. 
irrigation. See Irrigation. 
occlusion. See Occlusion. 
open method. See Open method. 
treatment by antiseptics. See 

Antiseptics. 
water bath. See Water bath. 

Retropharyngeal abscess, aseptic treat-
ment of, 110 

Reylier on aseptic treatment in war, 
126 

gunshot wounds of bone, 512 
joints, 448 

Syme's statistics, 382 
— results in war, 401 
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Richter on wound treatment, 308 
Rieord 011 treatment of varicose veins, 

319 
Roberts on fermentation, 22 

- o f blood, 35 
— : — boiled animal tissues, 22 

egg albumen, 22 
milk. 22 

; unboiled egg albumen, 43 
grape juice, 32 
milk, 38 
urine, 37 
vegetable tissues, 44 

spontaneous generation, 181, 191, 
192, 195 

Roc/iard on dressings with alcohol, 348 
occlusion, 323 
water dressing, 316 

RogeHus's applications to wounds, 291 
Rose's open method of treatment, 278 

SALICYLIC acid, aseptic-use of, 136 

cream, 65, 89 
dressings with, 138 
jute, 137 
lotion, 138 
ointment, preparation of, 65 

uses of, 117, 270 
results of treatment with, 404 
wool,' 137 

Sanderson, Jas., on resistance of seeds to 
heat, 203 

Sanitas, 271 
Saponine, tincture of, 352 
Saprsemia, definition of, 367 
Savory on causes of pyasmia, 550 

treatment by cleanliness, 542 
— results with cleanliness, 545 
— statistics, 414 
SaxtorpKs results of • operations on 

joints, 446 
— statistics, 396 
Scabbing, healing by, 279 
Scalp, aseptic, dressing of, 96 
Scars not adherent after aseptic ampu-

tation, 068 
Sc/iede, comparative statistics, 399 
— on wounds of joints, 444 
— statistics of compound fractures, 508 
Sch/roeder on fermentation, 14, 15 , 

spontaneous generation, 152 
— and Dusch on fermentation, 12 

spontaneous generation, 
152 

Schroeter on pigment bacteria, 212 
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Schiiller on micro-organisms in wounds, . 

228 
SelmU on eucalyptus oil, 140 
Schuke, experiments on spontaneous 

generation, 8, 149 
Schwann on fermentation, 6 

spontaneous generation, 151 
Scrotum, aseptic dressing of wounds of, 

105 
Septic, definition of term, 1 
— derivation of term, 1 
— cases, table of temperature charts, 

584 
— treatment, results of , 899, 402, 413 
— wounds, purification of, 93 

temperature after, 581 
Silk, carbolised, preparation of, 60 

preservation, 60 
Silver sutures as an antiseptic means, 286 
— wire as stitches, 86 
Simpson, Sir Jos., on Listerism, 360 
Sinus forceps, 79 
— putrid, treatment of , 116 
Skin, purification of , 67, 68 
Skull, compound fractures of, aseptic 

treatment of. 115 
— results of. See Compound fractures. 
Sloughs, organisation in, 570 
Smith on irrigation, 339 
Social on results of aseptic treatment, 

395 
Soda, chlorinated, as an antiseptic, 269, 

349 
Spallanzami on spontaneous generation, 

149 
Sj)mce, compound fractures. 502 
— on operations on joints, 460 
— results with cleanliness, 545 
— statistics, 378 
Spinal abscess, a test of skill in aseptic 

treatment, 539 
recumbent position in, 111 
results of, 517 
want of statistics of , 539 

Sponges, purification and preservation 
of, 64 

— use of , in dressings, 122 
Spontaneous generation, theories of , 145 

et seq. 
Spoons, Volkmann's sharp, 116 
Spray, carbolic acid, experiments test-

ing efficacy of, as germicide, 26, 258 
— how to dispense with, 120 
— errors in use of, 74 
— objections to necessity for, 363 
— one of the least necessary precau-

tions, 73, 364, 594 
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Spray, use of, 70 
— producers, hand, 54 

steam, 56 
Statistics of aseptic treatment, 368 et 

seq. 
Stimson on efficacy of carbolic spray, 

258 
Stitching of aseptic wounds, 85 
Stitches, button, 85 
— of coaptation, 86 

relaxation, 86 
— removal of, 86 
Strapping of aseptic wounds, 86 
Stromeyer on immersion, 342 

subcutaneous surgery, 320 
Subcutaneous surgery, 144, 318 
Sulphurous acid as an antiseptic, 269 
Summary of views on fermentation, 11 
Suppuration, causes of , 596 
— not always due to micro-organisms, 

596 
Surgery, aseptic, definition of, 51 

materials employed in, 52 
principles of, 51, 52 

— subcutaneous, 144, 318 
Syme, method of wound treatment, 336 
— on subcutaneous surgery, 320 
— statistics, 382 
Synovitis, aseptic treatment of , results, 

442 

TEMPERATURE after aseptic opera-
' lions, 576 

compound fracture, 463 
septic wounds, 581 
wounds of joints, 421 

— charts after compound fractures 
(accidental), 482, 500 

— opening psoas abscess, 534 
wounds of joints, 438 

of aseptic cases, 585 
septic cases, 584 

— curve septic, 580 
— during tension in a wound, 577 
— in carbolic acid poisoning, 589 
Tendons, wounds of, aseptic treatment, 

114, 561 
Tenotomy, subcutaneous, 319, 561 
Tension, elevation of temperature dur-

ing, 577 
— theory of elevation of temperature 

during, 579 
'Regel on micrococci, 244 
Tillmanns on organisation of dead 

tissue, 573 

TIS 
Tissues, unboiled animal, fermentation 

of. See Animal tissues. 
vegetable, Roberts on fermenta-

tion of, 44 
Theden on wound treatment, 308 
Thenard- on fermentation, 4 
Theories of action of ferments, 205 

fermentation. See Fermentation. 
spontaneous generation. See 

Spontaneous generation. 
Thiersch on salicylic acid dressings, 136 
— results with salicylic acid, 404 
Thorax, wounds of, aseptic treatment, 

115 
Thornton, aseptic dressing in ovari-

otomy, 109 
— on aseptic ovariotomy, 402 
Thymol, aseptic use of, 139 
— treatment with, results, 404 
Tie,gel and Billroth on fermentation of 

unboiled animal tissues, 44 
Towel carbolised, use of, in aseptic 

operations, 67, 72 
'Traa.be and Ifseheidlen on destruction 

of bacteria by healthy tissues, 283 
Treatment, aseptic. See Aseptic. 
— by antiseptics. See Antiseptics. 
— of dissection wound, 119 

najvi, 119 
putrid sinuses, 116 

• varicose veins, 119 
Trendelenburg on operating without the 

spray, 363, 595 
Tynda.ll on fermentation, 23 

spontaneous generation, 192, 203 
— use of condensed beam of light by, 

ULCER, purification of, 93 

treatment of, with boracic acid, 
93 

Unboiled substances, fermentation of 
30 

Unrest, causes of, 596 
TJre on fermentation, 8 
Urine, boiled, 20, 24 
— unboiled, fermentation of, 36 

TTALETTE on immersion, 345 
Van dcr Broeck on fermentation 

of blood, 33 
unboiled egg albu-

men, 42 
grape juice, 31 
urine, 36 
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tion, 195 
Varicocele, Ricord on, 321 
Vegetable tissues, unboiled, Roberts on 

xermentation of, 44 
Veins, varicose, treatment of, 119, 319 

321 
Velpeau on effects of air an wounds, 

OOl 
— on use of coal tar, 351 

— — iodine, 350 
Ventilation as an antiseptic means, 287 
— m treatment of wounds, 549 
— of wounds, Bonisson on, 279 
Verneuil on A. Guéri 11's dressing, 329 
~Vezm and Burtseliers open method of 

treatment, 277, 332 
Vicary on wound treatment, 294 
Ugo, Be, on treatment of wounds, 292 
Villars, Cul de, on wound treatment 

301 
Viscous fermentation, 214 
Vivisection, advantages of Listerism in, 

567 
Volhnann and Eraenckel, septic results 

of compound fractures, 511 
— on aseptic fever, 581 
— results with cleanliness, 385, 405 

545 ' 
— sharp spoons, 116 
— statistics, 385 

of compound fracture, 506 
wounds of joints, 443 

TT/AITZ on Esmaroh's statistics, 396 
316 W a l t h ' T ' V " " ' ' o n w a t e r dressing, 

Warm bath. See History of Irrigation 
War, aseptic treatment in, 123 
— results of aseptic treatment in 401 

448, 512 ' ' 
Water dressing. See Dressing. 
^'403' S l""L U e r ' 0 U a s e P t i c ovariotomy, 

Wiseman, treatment of wounds, 296 
Wood, John, on advantages of 'aseptic 

treatment, 559, 561 
use of carbolic acid, 357 

Wool, cotton, aseptic use of, 14] 
A. Guerin's method, 280, 325 

results of, 327, 408 
bacteria under, 329, 330 

salicylic acid, 137 1 

Wound treatment, fundamental prin-
ciples of, 596 

history up to 1867, 357 
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