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of the osteoclasts is, and what their relation to the osteo-
blasts, we can, in the present state of exact knowledge,
do little more than conjecture.

Consult, for the bibliography of the histology, develop-
ment, and growth of bone, Qu.ml 5 & .’Lu‘lrum\ ” vol. 1
part ii., tenth edition, and the “Index (.n.dmrm of rhr
Lib ':u\'ufilm Surgeon-General’s Office, U. S

T. Mitchell Prudde

BONE. (PATHOLOGICAL.—Bone, like all tissues,
subject to a continuous waste and repair. New bone
constantly formed and the old absorbed ; and while in the
adult these processes may be very slight, under the ir
fluence of pathological conditions they become ve
marked: hence the conditions known as pathological aj
position, absorption, and transformation of bone. Ap-
position occurs by the formation of bone from the perios-
teum. The deeper layers of periosteal cells become con-
verted into large epithelioid cells, the so-called osteoblast
which later become irregular in shape; the intercellula
substance becomes calcified and thus new bone is formed.
The new bone may be spread out over the surface
old, and become firmly attached to it, or it may be lim
to a small portion of the surface of the bone. In the fi
case the process is called hyperostosis and exostosis;
the latter, the processes of new bone are called osteo-
phytes.

Absorption or resorption of bone occurs at the

y surface and is due to the activity of the
nucleated cells known as osteoclasts. ('_)u_-m:u-lluli\' this
mayv occur at the ‘--11---rr.\1 w-ml. and we have the
surfac f the bone becoming llill‘111(.'l\n.mll'—lw-uzn—
poros This occurs occasionally in the very aged, in

»f the calvarium, as the result of seni trophy,

or it may be secondary to inflammatory exudates, tumor

risms, etc., which ex pressure upon the bone.

nsformation of bone is brought about by a com-

tion of apposition and resorption. By means of

proc the form of bones changed to meet

al conditions and changes in functi [ 11‘-.
particularly true of the size and directi th

s of bone i llous structures. If the

i 3 ad to be borne by the bor

thickness and direct

bect changed in the ¢

By reason of this characteristi 0
ial deformities are produced as are seen,
£ in the Chinese foot

Regeneration of bone en following every fr
Every solution of continuity in bone is followed by
formation of new bone, not only sufficient to replace
defect, but also enough to form a large mass surroun
the fracture (callus). p

In fractures of long bones, one differentiates an internal
callus formed by the medullary structures, and an ex
ternal callus formed by the periosteum. This new ‘.n-:/-
or callus remains intact until the function of the bone is
resumed. Later on. that portion of the callus which is
not situated in the direction of the load-bearing 1
becomes absorbed, and tiu form of the new bone
that of the old, becomes changed to meet the
mands made upon it by the function of the bone
of bearing a load.
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disease of bone, occurring in
adults and most frequently in puerperal women; it is
attended by a progressive _-;u[‘iuniug and absorption of
bone beginning in the centre and extending outward.
The process is followed either by fracture or by deform-
ity of the bones affected. It differs from rachitis in thi
that while in the latter we have a deficient depositi )
lime salts in newly formed bone, in osteomalacia bone
which is already formed is deprived of its earthy mate-
rial and absorbed. The changes that occur in the bone
are not due to any active proc on the part of the bone
tissue itself. There are no active changes to be discov-
ered in the bone cells. The only thing to be found in the
lacunz is the occasional presence of droplets of fat, which
is evidence of a passive destruction of the bone cells.
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In the medullary tissue, however, there
evidences of very marked, active prolifen
This is to be observed in the marrow of
in the medullary tissue of spongy bone,
Haversian canals, which latter normally
tle medullary tissue. This tissue is the seat of a marked
hypersemia which has converted it into a bright red
succulent tissue, free from fat and extremely rich in pro-
liferating cells. All the medullary tissue ms to have
the appearance of the red marrow of infantile bone.
This tissue pushes its way outward at the expense of the
adjacent bone, m-rnl» priving it of its lime salts and later
causing its complete ‘th\l_l'!‘;)nlwll,

Thus the (nn'qm' bone of the diaphy
into spongy bone by the enlargement of
canals; the trabe e of spongy bone absorbe
the proc ntinue long enough there remains li
the bone except marrow and periosteum; that
been converted into a soft, decalcified, sausage-like mass
of marrow, that is held together by \]w riosteum with
perhaps a thin, paper-like layer of bo >

The process may be distributed over a pe .riod of several
years with occasional cessation. In such an event the
medullary Tn\‘-'llt i 1s of active proliferatic
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The bones of the pelvis and of
most quently affected, then c
and of the lower and upper ext
the head are very rarely the seat of t g z =

r involved. £S, Anc
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are malnutr g in dark, damp houses. o

Osteomalacia has been 4-?w1\ »d in animals who are
badly 1d stabled in d: damp places.

Osteomalacia comparatively r
rarely seen in England and America; it is more frequent
in Germany than in France. In some parts of Germany
the disease is more frequent than in others; thus in the
Rhine valley and in Bouthern Germany the disease is
more common than in other districts.

The preponderance of puerperal females affected is
very strikin of one hundred and thirty-one cases
thered t« the report of Letzmann, in 1861,
ghty-five > in women who became ill either during
pregnancy |11 the puerperal period. Repeated
pregnancy dI\'l prolonged nursing in poorly nourished

women predispose to the disease.

In all of these puerperal cas
bones of the pelvis, and in many it was limited to that
region. It is therefore highly probable that the great
circulatory changes in the pelvis attending pregnancy
have a decided influence on the causation of the disease.
"ehleisen rega the disease as a reflex trophoneurosis
of the blood-vessels of bone, eausing a dilatation and
proliferation of the marrow at the expense of the bone,
and having its origin in the ovaries. The removal of the
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about 1 mm. broad, that is made up of hy 1--: rplastic car-
jlace, called the zone of growing cartil ;

Microscopical examination shows that in this area the

cartilaze cells have become greatly increased and are ar-

in columns running allel with the long axis of

After these columns have acquired a certain
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go to form the os The cartilage has formed the
framework on which the growing bone has elimbed, and
is itself eventually absorbed.

In tachitic bone, the blue transition zone of hyper-
plastic cartilage is much wider, while its outline, both
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above, below, and at the circumference, is enlarged and
irregular. It is this which forms the irregular enlarged
ends so charact The zone of hyper-
trophied cartilage cells as well as the columnar zone is
enormously enla ¢ ¥ also a more or 1

plete absence of the zone of calcification of the

inous groundwork, and in addition there is

regularity in the formation of the vascular, mmml}uv

FiG. lrf‘* —N is and Inﬂarﬁmdtnr_v Hyperplasia of Bone. (After
Boyce. Spongy new bone ; 2, remains of shaft; 3, sequestrum.

u'h[ enlargement.)

als. These have pushed their way into the cartila
in an irregular manner though wunre ained by the
presence of a firmly calcified groundwork.

The persisting columns of cartilage are gradually con-
verted info an “osteoid ” tissue, made up of cells derived
from the medullary tissue and a fibrillar, uncalcified
groundwork. This osteoid ti B show in numerous
places islands of persisting cartilage. The zone of os-
teoid tissue may attain a len;g of 5 a firm,
elastic connective tissue, but it bends under pressure. It

from bone in that the cells have not the same regu-
larity of arrangement, and in the absence of earthy ma-
terial in the groundwork.

At a varying distance below this zone we finally come
upon a zone in which columns of osteoid tissue are be-
coming converted into bone by the ecalcification of the
groundwork.

Inflammations of bone occur in the periosteum, in the
marrow, or in the joints; that is, always in those portions
of the bone which are well supplied with blood-vessels.
They are as a rule due to hematogenous infection or to
trauma, 1wugh occasionally they may be brought about
by extension from neighboring tissue. If the inflamma-
tory process is of any considerable degree, or lasts for a
considerable time, it is always followed by changes in the
bony substance itself. This, as a rule, is of a retrograde
character, i.e., leading to destruction of bone. If the in-
flammation is of a highly infectious, purulent character,
the connec tissue affected becomes dissolved, the v
sels become thrombosed and are destroved, and the bone
becomes necrotic. If the inflammation is less severe in
character, if it is accompanied by considerable cell infiltra-
tion and the formation of new vessels (granulation tissue),
there follows a gradual solution of the neighboring bone or
cartilage, an ulceration, or, as it is usually called, caries.
As long as this inflammation keeps up, so long is there a
gradual absorption of the neighboring bone or cartilage.
If in the beginning of the inflammation there occurs
necrosis of a certain portion of bone, there follows in the
later stages, at the surface of this necrosed portion, a
gradual absorption which has its greatest intensity at the
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border between living and dead bone, so that eventually
the two become separated and there is formed a seques-
trum. If the latter is not very large it may in the cours
of time become completely absorbed by the neighboring
granulation tissue Large nes however, offer a
great deal of 1 ance to this z1l>-4|l;u1\. process and
may remain for years. As long the sequestrum is
present so long will the inflammation keep up, even
though the infection has been overcome. A piece of
dead bone acts as a foreign body and is a sufficient irri-
tant to keep up this chronic form of inflammation.

In addition to this destructive process in bone accom-
panying inflammation, every such process lasting for any
considerable time is accomp yanied by a hyperplasia, which
manifests itself partly in the vascular soft parts and
partly in the bone itself. This occurs both in the imme-
liate neighborhood of the inflammation and in surround-

portions of the bone. 1t leads to those processes
which have received the names of hyperostosis, exostosis,
osteophytes, and parostosis. The most excessive hyper
plasia of bone occurs in those cases in which a large se-
questrum remains as a source of irritation for months and

Of acute infections, esteomyelitis is the most severe
acute inflammation of bone with which we lm\'w to deal.
It occurs most frequently in young indivi as
rule in one of the long bones, and is mu!lll}!ll-s
fever, by a destruction of more or less 1¢ bone. and
by the formation of an abscess. >ction is either
primary or secondary to one of t acu fectious 11
eases. sar the immediate cause is tz
coccus pyogenes aureus - albus. The ]!rwum- 11.1_\
begin either in the periosteum, or in the marrow
the bone. : soon leads to the formation of
and to the destruction of bone. In severe i
lead to the iration of the marrow of
diaphysis and to an extension into the cortex of
bone through the Haversian canals. It may occasionally
break through the periosteum. If > inflam
process is near a joint, the pus may be poured
the cavity thereof. Through the formation of septic
thrombi in the veins, we may have multiple metastatic
abscesses and death by pysemia. Wherever we have had
a suppurative inflammation, there is of course a
of more or less bone, but the extent of this necrosis de
pends t on tll it of the suppu ive process. If this hs
been very slight, the necrosed pieces of bone may becon
absorbed, so that they may not be overed. In me
severe forms we may have a sequestrum comprising the
entire diaphysis. rding to the extent and seat of
the necrosis there m 1guished a total, a partial,
a central, and a : v soon after the
setting in of the suppurative process there will be f
at the border, hv'\\m,n the dead and the living
a zone of granulation tissue. This leads eventus
the separation of the sequestrum. When this has become
complete there will be present, within the bone, an abscess
cavity containing a seque This cavity verv often

s with the st e the bone bw mv;m-l of an
fistula. The walls of this tula are also
A ayer of granulation tissue from the surface
of which pus is being poured out. In the neighborhood
of these areas of granulation tissue there will have oc-
curred more or less hyperplasia of bone which leads to a
thickening. If the bone has been destroyed in its entire
thickness in the begi then this hyperplasia occurs
of course only in the osteum, which thus surrounds
the sequestrum with a firm. bony capsule. In cases of
partial necrosis, however, new bone is formed both from
the periosteum and in the interior of the bone. Small
sequestramay in the course of months be absorbed ; large
ones constitute an irritant sufficient to maintain an -
flammatory process for years, and they can be gotten rid
of only by operative procedure. After the removal of the
sequestrum the wound cav ity is closed by means of gran-
ulation tissue, which later may be replaced by the for-
mation of true bone through the activity of the periosteum
or of the bone marrow.
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is that of 5 DO 3 in the
m an epipl 3 tion and
softening tl 1111_- bone to the
surface, thus e U]J!I & g int he joint or breaking
througl : periosteum. Ilu—pr cess is of coursealways
imp;man ed b v : mes of considerable extent.
A notable example of this i n in tuberculosis of the
spine, wl bodies of - more vertebrse may be
destroyed. is of course ]z-ml- to the extensive de-
i that we see in this 2 1i
such a bone abscess (for
periosteum, there are fc
rounding tissues, partic
These sometimes Teach an enormor
: he influence of gravity diss
distance through the body

we have numerous !ll]){
in the bone marrow. onally the tuberculous |
ess affe 1 1es of the hand or the foot in a very

CAfter Kraus

»w and chronic form, orption from the
internal surface and apposition at the peri
and in this way producin ain peculia
swelling: 'l at ]m\p thn termed L‘mm. ventos:
ms
formation u-f sequestra and fistulse, but in most ir
the swelling eventually disappears.

Syphilis occurs in bone in thre forms:

(1) C natous formations affe g both the perios-
teum and the marrow. In the periosteum, the process is
accompanied by a destruction of bone, of such a charac-
ter that sharply defined defects are produced—the so-
called caries sicca. This occurs more especially on the
calvarium. Occasionally one finds in the neighborhood
of these bony rrowth of bone. 5
(2) Hyperostosis. s occurs either in the form of
hard, ivory-lik in the compact bone, or in
the formation of irreg diurL. ostoses or osteophytes. The
latter form is found more especially in the tibia.

iital syphilitic osteochondritis. This in its

accompanied by the formation of irregular

the zone of growing bone, growths whic h have

atty and calcareous rL?gt neration, and which

haracter c nmata. In the lighter

e have simply a calcification of the zone of car-

nous hypertrophy at he en'wh\’ m ls.rkul h\’ a
, Yellow white line,

is of the neighboring bnnn ThAk dﬂ\(ll!!ﬂ is al-

s present in congenital syphilis, but may disappear,

S0 Iiuu a few weeks or months after birth it may not be

yeosis of bone begins, as a rule, in the marrow
mation of granulatic ue, which causes an
n of bone from the inside and is accompanied by

an apposition of bone on the periosteal side. In this way
we may have large projections from the surface of the
bone which, in decalcified and macerated preparations.
will show on the inside the formation of a nt 1mber of
cysts. At times the actinomycotic PrC pushes
through the bone to the periosteum, destroying tlu- with-
out being u'culm‘.miwi by the apposition of new bone, so

I : produced a caries in the form of an

Sareomata are frequently found in bone. They occur
either in the marrow (myelogenous sarcomata) or in the
{ um (periosteal sarcomata). Those that occur in the
marrow of the bone produce, by the absorption of bone
from the inside and apposition of bofie from the out
enlargements of the bone which attain at tin normous
size, and in which we have the tumor ms: i
by a more or less well- ‘]. velo c a:ustil.;
.wu, even this capsule
ved by the pushi
Ihu tumor as a l'ulu t.-f the 1'uun-l—t C Y
containing 1al a large number of multinucleated
5 i lls may at times attain such
s ible to the naked eye.
-, howeve ey may be rgmir:_-l_\' al
mata are e 1y ap -ur after an excision
or amputation. DSte 411:;1:; ita have, as a rule, a
very considerable f > < of bone in which the sarco-
so that they are more aptly
mexl ostec ata. 3 = .zmﬂ\ also the >y have in
ldition a ce when they are
Th y are, as a rule, of
or ::nmll T -uuri—m:llv,d variety without gi
are exceedingly apt to form m

especially in the lungs. Simon Pendleton Kramer.

natous masses are

BONE, PLASTIC SURGERY OF THE.—Defects in
bone heal so slowly and iInIn:['ft:E'El}' that it is no won-
der surgeons of v early times tried to assist nature
in their repair. [ > is some reason to suppc that
such efforts were successful in India more than five hun-

, While a Peruvian skull antedating no one
knows how long the discovery of America has, accord-
ing to McGee, been found with a silver plate sunk in i

bstance to protect the opening made after trephinir
The condition of the bone shows that the plate restec
it for a considerable time b re death.

Despite this long history, and the very numerous ex
periments which have been carried out in recent years
with the aid of a fuller knowledge of asepsis, the sub-
]f(.T of repairing large defects in bone is still very im-

Tiu: indications for bone transplantation or some
similar procedure are:

1. Toafford a protection to underlying organs, notably
to the brain after extensive removal of the cranium by
accident or operation.

2. To preserve the normal contour of the parts—for
instance, after loss of the bridge of the nose or half of
the lower jaw.

3. To maintain the continuity of a bone so that the
power of a limb shall not be lost.

4. To shorten the time of recovery, for a deep cavity

) r example, in the head of the tibia—heals
owly and often imperfectly.
subject of ;nla stic operations upon
, it is well to In_]lli:!'lﬂ)t]' that osseous tissue has only
zht regenerative power, while the power of the
um to form new bone is very great indeed. This
ly illustrated by the repair of comminuted
the injured t > being restored to somethir
l!r\(‘ its former condition, though many fragments may
have been lost. One must therefore accept with great
caution accounts of the incorporation into the structure
of a bone, of bone chips or decalcified bone which su
ns have introduced into a bony gap to hasten re-
covery. The new bone under such circumstances may
have come from periosteal flaps which were not destroyed
] by the accident.
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