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ities favorable to one patient are not so to another, and
is therefore best to tell the patient franklyv to £o to
place, and, if he grows worse instead of i : 1
another, in the hope of finally getting relief,

Cornelius G. Coakley.
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LARYNX, PHYSIOLOGY OF THE.—I. The larynx is
that portion of the respiratory tract which is situated in
the median line of the neck between the trachea and the
pharynx. It may be regarded merely as a p i
upward of the trachea, with such modification - :
ture as are required for the performance of its various
specialized funetions. A comparative study of the

s of animals indicates that the extent of the modi-

s of strueture is proportional to the variety of the

) lized functions. Following structure
of the human larynx diffe ¥y considerably from that
of the frachea, and its mechanism is interesting and com-
plex (Figs. 3153, 8154, and 315: The framework of the
trachea is composed of incomplete cartilaginous rings,
bearing a clese resemblance to one another, and bound
together by fibro-muscular tis and while the carti-
1a of the larynx are for the most part irregular in
a scheme somewhat similar to that of the trachea

is carried into its structure.

The cricoid, the first cartilage above the trachea, differs
from all the others in that it is complete throughout its
entire circumference, and it thu T as a firm base for
the superstructure of the larynx. The thyroid, like the
cartilages of the trachea, is open posteriorly, thus giving
room for the two arytenoids which articulate with the

F1G. 3153.—Showing the Position
of the Vocal Bands during Pas- of

: al Bands during Forced
sive Inhalation.

Inhalation.
FiG. 3153, 3154, D 3135. Tongue ;
Wrisberg ; cartilag f Santor
tion of the trachea. (From Lennox Brow enke.)

elevated posterior portion of the ecricoid.
bone, which is closely related to the larynx, is also open
posteriorly {o make room for the anterior portion of the
pharynx.  The other cartil s of the larynx are the
cornicula laryngis, the cuneiform cartilages, and the epi-
glottis. These nine cartilages form *“= framework of |
1

The hyoid

Showing the Position Fig¢. 3153 Showi
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FiG. 3156.—Th A, ro-arytenoid mus thyroid cartilage :
] C, cricoid cartilage: M, vocal shelves.
I
| voice is made, and (3) to assist in voice production. The
three highly specialized functions of the larynx, therefore,
may be described under the followin (1) Respira-
tion; (2) Phonation; (3 rticulation.

Respiration.

The respiratory function of the larynx
animportant one and it includes more than would appear
at first thought. Air could be made to pass to and from
the lungs without the intervention of this complicated
structure, therefore the mere act of breathing may be re
garded as purely inc ital to thelarynx. It was neces-
ry to place somewhere in the respiratory tract a struct-
ure that not only would furnish a free ps eway for
the breath, but would also, at the same time, serve other
important purposes. Of thes irposes phonation, to be
i ribed later, the most important, but this requires
some kind of temporary obstruction in the air channel.
and this is provided by the two muscular bands with their
membranous covering, that run from the thyroid to the
| arytenoid cartilage Moreover, these bands must ob-
| struct respiration a e and only at those
| times when the obstruction is ary for the phonatory
| act. Provision is therefore made for their removal from
| the lumen of the larynx when not required for this pur-
| pose, and this is accomplished by the contracticn of the
posterior crico-arytenoid or so-called respiratory muscles.
These abductor muscles are supplied by the external
branch of the superior
laryngeal nerve, and so
important are their func-
tions in maintaining the
patency of the larynx for
respiratory purposes, con-
tracting as they do for
every act of inspiration
(about eighteen times a
minute), that they seem to
be endowed with greater
strength and are less sus-
ceptible to disease than
the other muscles of the

Yo f during Phon:

pends upon their he
and tone (Figs. 8153

and 3155). But thelarynx

has another important function that should be described

under this head, and that is the closure of its upper por-

tion during the vigorous muscular acts which are per-

formed by the hands and arms, and also during the acts.
of defecation, coughing, laughing, etc. =

This strong closure of the upper portion of the larynx
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takes place above the vocal bands, and not so much in
the glottis as has been supposed. The glottis, it may be
remarked, is merely the aperture formed by the vocal
bands, the vocal proc ind a portion of the transverse
arytenoid muscle (Fig. 3153). The vocal bands are too
slénder and delicate to endure the in that would be
put upon them by this action, and their structure, sl;ﬂp‘e.
and position, when the

glottis is closed, render

them incapable of re-

sisting mueh pressure of

the breath from below.

They are not in reality

bands at all in their

shape and structure, but

if a cross section of them

were made (Fig. 3156),

they would be found to

be somewhat wedge-

shaped with the head of

the wedge looking up-

ward and the apex down-

ward ; their inner edges

contribute, during tone

& production, to the forma-

(N tion of the vibrating por-

F1e. 3157.—Shows the Valvular  tion of the glott
ACI!‘VOH (Z\I the Ventricular Bands. tll(’il'i“lll_‘l‘ _s;“)’le(
Eeonioiar band ¢ ually taper downv

along either side of the larynx. Better names for them
have been suggested, namely, cushions or shelves, and
the latter is the one to be preferred because it more ac-
curately describes their shape and functions. It will be
observed that when the glottis is closed the gradual taper-
ing of the vocal shelves downward makes the lower por-
tion of the larynx somewhat cone shaped with the apex
pointing upward, and that this approach to the glottis
adapts it not for checking but rather for favoring the
egress of air (see Fig. 3153). When the breath is forcibly
held for purposes mentioned above, the true glottis is not
closed at all, but the pseudo-glottis is closed by the ap-
proximation of the ventricular bands, and the ventricles,
the shape of which is so well adapted to this purpose,
become inflated and unite to form a more or less perfect
valve capable of resisting great pressure with a mini-
mum amount of effort (see Fig. 3156)." The upper sur-
face of the closed glottis to a lesser degree acts like a
valve in checking the ingress of air. This function,
however, is not so important, for the amount of air taken
into the lungs is contrciled largely by the great respira-
tory muscles of the thorax.

In addition to this valvular action the upper portion of
the larynx closes at times in much the same way as do
the sphincters in other parts of the body. It was
formerly supposed that the epiglottis, serving as a lid to
the larynx, was the only means of preventing the food
from entering this cavity during deglutition, bug, in refu-
tation of this theory, it was found that the entire removal
of the epiglottis, either by operative procedure or by dis-
ease, in no ect interferes with deglutition. It ap-

elevation of the larynx. The theory formerly held, that
the epiglottis is drawn over the larynx by muscular ac-
tion, is rendered improbable by the fact that the muscu-
lar fibres running from the epiglottis to the hyoid bone,
in the human subject, are very small and but slightly
developed.
Phonation.—The chief purpose of the larynx and the
one to which it is especially adapted is phonation, but
this funection is so closely related to the action of certain
other organs, notably those of respiration and articula-
tion, that it will be necessary to take these into account
also, at least to some extent.
Voice, as I have defined it elsewhere, is a moving col-
umn of breath, set in vibration by its own impact upon
the vocal shelves and re-enforced by its di ion through
the various resonant chambers into the surrounding at-
mosphere, and therefore it follows that phonation is the
s by which the column of breath is formed, set in
tion. and diffused, and a description of this process
must include the necessary respiratory movements, and
at least a reference to the resonant chambers, as well as a
description of the action of the larynx itseif.

The respiratory movements of phonation are different
from those of ordinary breathing. The one is active, and
the other is passive. The breathing of phonation sup-
plies the system with oxygen, and carries off the effete
products, in the same manner as does ordinary breathing,
but it does this only incidentaily, its special function
being to cause impaction of air upon the vocal shelves,
which impaction causes the necessary vibrations. More-
over, the character of this impaction of the column of
breath upon the vocal shelves is an_important factor in
the regulation of their vibrations. It has been shown by
actual demonstration that the rapidity of the vibratory
excursions of the vocal shelves isincreased and the pitch
of the voice heightened by an increase in the rate of mo-
tion of the column of breath. This is true, in part at
least, because the increase in the rate of motion is attend-
ed by an increase of expiratory effort, and a correspond-
ing increase of pressure within the column of breath ; the
tracheal tube being somewhat elastic, this pressure tends
to enlarge the column of breath in the trachea, and as this
is forced through the smaller opening of the cricoid carti-
lage it carries its anterior portion
upward toward the thyroid, and
its posterior portion downward,
thus increasing the distance be-
tween the anterior and posterior
attachments, and becoming a di-
rect longitudinal tensor of the vo-
cal shelves. On the other hand,
if this tendency of the column of
breath to render the vocal shelves

tense during its rapid and forcible
movement is resisted by the con-
traction of the internal thyro-aryt-
enoid muscles, the result will be
a wider vibratory excursion of the
vocal shelves and a greater inter

sity or loudness of voice. In tins

pears, therefore, that nature has not entrusted to the epi-
glottis alone the important function of guarding the
gateway to the lungs against the intrusion of foreign
substances, but, in addition to and immediately preced-
ing the falling of the epiglottis over the larynx during
deglutition, there is a complete closure of the entire up
per part of the larynx. This is effected by the approxi-
mation of the ventricular bands, the upper part of the
arytenoid cartilages, the aryepiglottic folds, and the
lower portion, or i\lled cushion, of the epiglottis.
The mu causing this closure of the upper portion of
the larynx have been called the sphincters of the larynx.
They are the thyro-aryepiglotticus, the thyro-arytenoi-
deus externus, and the arytenoideus postict

In theact of deglutition the sphincter muscles contract,
and over the closed gateway of the larynx the epi i
falls of its own weight, or rather as a result of the
ation of the hyo-epiglottic ligament, incident upon the
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way the column of breath be-
comes an important factor in regu-
lating both the pitch and the in-
tensity of voice. =i
The respiratory movements of F e ==
phonation, therefore, are definite action of the
and active. The base of the col- and Abdo
umn of breath rests upon the &7 'lt\;a{i?{i?ﬁi
diaphragm, and it is surrounded > "D, directi in
laterally by the walls of the thorax  which the diaphragin
heir - i c anta acts; E, direction in
with their enveloping ligaments abdominal
and muscles. The muscles may muscles act.
be divided into two sets, those
which elevate the ribs and those which depress them,
the former tending to enlarge the thoracic cavity, and
‘ the latter to diminish its capacity. It will be (\'USL‘I'\"V’fi
that the depressor muscles exert a force which 1is di-
I rectly opposed to the action of the levator muscles, and
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it is by means of these two opposing forces that the
column of breath may be controlled with the Ile(:‘t:‘«%m'\;
accuracy, and that the requisite tension mav be t;i\'('h
to the drum-like walls of the thorax for the ‘]}urp(:,-:{: of
giving resonance to’ the voice (Fig. 3158 The c:'o]'mn'ﬁ
of breath is, therefore, compressed and its rate of mo-
tion through the glottis regulated with great precision :

The tracheal, pharyngeal, oral, and nasal cavities a-re.
also resonators, and serve to re-enforce the tones produced
by the vibration of the vocal shelves. ' :

The framework of the larynx, as already mentioned
is composed of irregularly shaped cartilages articulatine
at the several points of contact by means of freely mov.
able joints, The muscles having‘th(:ir attachments only
to these cartilages, and whose function it is to assist in
the regulation of their relative positions, are called in-
trinsic muscles; those running from the cartilages to
various points without the larynx are called extrinsic
muscles. The extrinsic laryngeal muscles, like the tho-
racic muscles, may be divided into two sets, according
as they elevate or depress the larynx. The levator mus.
cles are the palatopharyngei, fhe stylopharyngei, di-
gastric, stylohyoid, geniohyoid, and the hyogloss
The depressor muscles are the omohyoid, sternohyoid,
and sternothyroid. The function of the extrinsic
muscles is (1) to determine the position of the larynx in
its relation to the adjacent structures, and (2) to deter-
mine the position of certain important parts of the larynx
in their relation to other parts. The position of the
larynx in its relation to adjacent structures varies with
the variation in the quality and pitch of the voice, and
the importance of a correct position cannot be overesti-
mated. When both the levator and depressor muscles
are brought into action, the larynx becomes fixed, and
an additional result of these two forees (as will be
observed in Fig. 3155) is to draw the larynx backward
against the spine. If these two sets of muscles are
strongly contracted, the posterior surface of the plate of
the cricoid cartilage will be fixed against the anterior
surface of the fifth cervical vertebra, and thus voeal reso-
nance may be transmitted through the spinal column to
all parts of the body.

Moreover, with the cricoid eartilage in contact with
the fifth cervical vertebra, it is evident that if the force
of the contraction of the depressor muscles is greater
than that of the levator, the result will be a forward tilt-
ing of the thyroid upon the cricoid cartilage and a
stretching of the vocal shelves. In this way it is quite
possible that the extrinsic muscles of the larynx may as-
sist the intrinsic muscles in rendering the vocal shelv
tense, at least during the production of tones of unusu-
ally high pitch. Opinions differ, however, with refer-
ence to this important point, some claiming that the
extrinsic muscles are the sole cord stretchers of voice
production, others thinking that this function comes en-
tirely within the province of the intrinsic muscles. While
this is one of the many questions with reference to the
physiology of the voice that are difficult of demonstra-
tion, it is quite probable that there may be some truth in
both theories and that unusual results in voice production
may be attained by a judicious combination of both the
extrinsic and the intrinsic muscles in the control of the vo-
cal shelves. The function of thelarynx in phonation is to
furnish and control the shelves, the vibration of which is
the first cause of the sound of which voice is made.
The‘-(. shelves are merely reduplications or folds of the
Iining membrane of the larynx reflected over the thyro-
arytenoid or so-called vocal muscles, the lining membrane
of that portion of the shelves which forms the rima glot-
tidis having been transformed, by the exercise of its fune-
tion, into white fibrous tissue. The various changes in
the laryngeal tones of the voice depend upon certain
changes in the physical condition of the vocal shelves.
The laws governing the vibrations of the vocal shelves
are socmewhat similar to those governing the vibrations
of strings, the three physical changes in them which gov-
ern the pitch of the tone being changesin length, weight,
and tension. The length and weight of the vocal shelves

vary somewhat in different larynges. Thosein the larynx
of the male, for instance, are longer and heavier than
those in the larynx of the female, and the pitch is cor-
respondingly lower. The length of the vibratory portion
of the shelves, however, may be changed in each larynx
by certain changes i o
in the action of i
muscles. This
phenomenon may
be observed by
means of the laryn-
goscope. When a
tone of high pitch
is produced, the vo-
cal processes of the
arytenoid cartila-
ges appear to meet
in the middle line,
and the posterior
edges of the glottis
are held in apposi-
tion. The same
conditions seem to
obtain also with
reference to the an-
terior edges (al-
though in many
cases, especially
during the emission  Fig. 3159.—Diagram Showing the Direc-
of low tone they 3%11”1? \\\il_n l;‘tiu_;l _aul-_;- :?!_151 I}ﬁ;l‘eiﬂ)r ex-
ol e e e sic ) les 2 in Holding the Lary
?11.(";31]‘»‘11 t\If;ila_ hnlggg Against the Spine. (From Ho‘fvz‘}rr’I.)I ks
thus the vibrations may be limited to scarcely more
than the middle third of the glottis (Figs. 8153, 3154 and
3155). The shortening of the glottis posteriorly is
brought about by a vigorous contraction of the aryte-
noid and the lateral crico-arytenoid muscles, causing the
vocal processes to come into close apposition and possibly
to overlap slightly. At the same time the thyroid tili-
ing muscles, the crico-thyroid and the sterno-thyroid,
serve to stretch further the vocal shelves; and the lat-
ter muscles when the levator laryngei muscles are in
action serve also to compress the ale ‘of the thyroid car-
tilage, which compression would naturally bring into
ser apposition, not only the posterior but also the an-
terior edges of the glottis. Moreover, it has been shown
by Willis that the approximation of the anterior portion
of the cricoid cartilage to the thyroid, which is made
evident by placing the finger in this region during the
emission of a high tone, has a tendency to push the taper-
ing portions of the vocal shelves upward, and to bring
into close contact the anterior edges of the glottis. This
theory of the regulation of the glottis by forced muscular
action during the production of the higher notes of the
falsetto voice is demonstrated not only by the laryngo-
scope, but also by the conscious increase of the muscular
effort required for the production of these tones. The
mechanism that shortens the vibratory portions of the
shelves, at the same time diminishes the width of their
vibrating surfaces and increases their tension. As the
internal thyro-arytenoid or vocal muscles contract more
and more when their attachments are fixed both anteriorly
and posteriorly, as above described, the result is a lateral
diminution of the vibrating portions of the vocal shelves.
‘When these vocal muscles are contracted to their utmost
only the very thin edges of the shelves are available for
vibration. The internal thyro-arytenoid muscles throw
out numerous small muscular fibres into the bodies of the
shelves, the function of which is to regulate the extent
of the lateral vibratory surfaces of the shelves, and prob-
ably also to assist in regulating the longitudinal vibra-
tory surfaces. 7 ¥
Articulation.—Thus far we have considered the larynx
in its relation to tone production. It must be borne in
mind that the tone produced by the laryngeal mechanism
above described differs from what we hear as the human
voice, but this difference is not apparent because it is im-
possible for the human ear to differentiate the two. If




