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4 ANATOMY OF THE LARYNX.

angles of the plate may be seen the articular surfaces for the arytenoid
cartilages, which slope backwards and inwards; on its outer surface,
about half-way np, is situated on a wart-like prominence a small concave,
circular, and slightly upturned articular surface, on which the small cornu
of the thyroid cartilage moves. From the upper margin of the ring
there extends to the lower border of the thyroid cartilage a ligament
(the ecrico-thyroid), which is chiefly composed of elastic fibres, while the
remaining space between the two cartilages is filled by a portion of the
elastic membrane of the larynx. The lower border of the ecricoid car-
tilage is united with the first ring of the trachea, which it slightly over-
laps in front.

If we consider the cricoid cartilage as the basis of the laryngeal
skeleton, we may say of the thyroid that it gives to the larynx its
peculiar funnelshaped form. The two symmetrical plates of which
the thyroid cartilage consists are united in front at an angle of 90°,
The ridge formed by the line of union slopes slightly from above down-
wards and backwards, and according to its shape the outline of the neck
may be characterised by a well-marked prominence, as in adult males, or
rounded, as in women and children. The upper margin of each plate is
convex at its anterior angle, and hence through their union is formed a
central notch (superior thyroid) which serves for the attachment of
the thyro-hyoid ligament. The posterior margin is prolonged down-
wards and shghtly forwards from the inferior angle of each side into a
process (the eornu minus); and in the same way the cornu majus,
which is somewhat longer and thinner, extends upwards and slightly
inwards from the upper angle of the plate. The inferior cornu presents
on the inner surface of its extremity an articular facet for articulation
with the ericoid. The superior horn is united with the cornu majus of
the hyoid bone by means of the lateral thyro-hyoid ligament. The
lower margin of the thyroid cartilage is, as we have seen, united with
the ericoid.

The epiglottis is a flat, flexible, fibro-cartilage, and its shape presents
many variations: Sometimes it resembles a slightly elongated ace of
hearts with the point directed downwards; sometimes a leaf with the
stalk below ; then, again, it may seem not unlike an elongated saddle or
a tongue hollowed out in the centre; its under surface is attached to
the thyroid notch by means of the thyro-epiglottic lignment, and forms
an elevation in the lumen of the larynx (the tubercle of the epiglottis),
which on laryngoscopic examination is characterised by its rounded
shape. The superior free margin of the epiglottis extends upwards
over the base of the tongue. During life the position of the epiglottis
varies ; in the adult it is, as a rule, nearly vertical, in children it is often
horizontal, or even lower behind than in front; its position also
changes slightly during deep inspiration and phonation. The upper
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ANATOMY OF THE LARYNX. il
surface of the epiglottis is concave from before backwards, and convex
from side to side, while, of course, the inferior surface presents opposite
characteristics.

The arytenoids are the most mobile eartilages of the larynx, through
which movements most important alike for respiration and phonation
are produced ; they are situated in the posterior part of the larynx, and
are united with the cricoid through a saddle-shaped joint. Each is
shaped like a pyramid turned slightly inward, with a flattened apex, and
with the base sloping off obliquely. The base has two processes; the
one (processus muscularis) arises as the margin which separates the pos-
terior from the anterior surface of the pyramid becomes broader towards
the base, and overlaps the margin of the ecricoid cartilage, to it are
attached the lateral and posterior crico-arytenoid muscles ; the other
(the processus vocalis) is formed by the junction of the median, anterior,
and inferior surfaces of the pyramid. The outer border of this pro-
minence can be recognised more or less distinetly by means of the
laryngoscope through the yellow colour which it imparts to the mucous
membrane, and marks the boundary between the cartilaginous and
ligamentous portion of the voeal cord.

The cartilages of Santorini, small, conical, and slightly bent back-
wards, lie on the apex of the arytenoids ; the cartilages of Wrisberg are
situated in the aryepiglottic folds; finally, the sesamoid ecartilages,
which, however, are by no means constant, appear as small elongated
bodies attached to the edge of each arytenoid by means of elastic fibrous
tissue,

The individual cartilages of the larynx are attached by means of
ligaments to each other and to adjacent parts, i.e. to the hyoid bone
and trachea, The larynx is remarkable for the fact that there is
between mucous membrane and cartilage a continuous layer of elastic
fibrous tissue which varies in thickness, and is at some parts finmly, at
others loosely, attached to the mucous membrane, while here and there
it shapes itself into distinet ligaments. Of importance to the laryngo-
seopist is the glosso-epiglottic ligament, which arises from the root of
the tongue as a septum, and is attached to the anterior surface of the
epiglottis in the middle line, and also the superior and inferior thyro-
arytenoid lignments,  The superior thyro-arytenoid ligament, which lies
in a fold of mucous membrane, and together with this forms the ven-
tricular band or false cord, is attached in front to the receding angle of
the thyroid cartilage, just above the insertion of the epiglottis, while
posteriorly the fibres, which are few and not continuous with one another,
are lost in the region of the anterior border of the arvtenoid,

The inferior thyro-arytenoid ligament represents that part of the
larynx which is most important for its funetion—the vocal cord.  The
right and left voeal cords arise quite close to each other from the
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thyroid cartilage, at about the middle of its receding angle (anterior
commissure), The fibres only unite to form a cord anteriorly, then
divide into separate groups, of which one passes along the free edge and
becomes attached to the point of the processus vocalis ; a second lies on
the upper surface of the cord, and is inserted immediately behind the
posterior extremity of the ventricle; while a third is situated on the
under surface of the cord, and is attached below the processus voealis to
the median surface of the arytenoid cartilage, or the anterior surface of
the cricoid plate. In addition to elastic fibrous tissue, the substance
of the vocal cords is to a great extent composed of the fibres of the
internal thyro-arytenoid musele. On making a section, one sees that its
shape is triangular or prismatic.  Two sides of the triangle are free, of
which one is directed upwards towards the ventricular band, the other
is directed downwards and inwards towards the lower part of "the
opposing wall of the trachea, while the third surface represents the
outer attachment.

Besides the true there also occur false ligaments, which are only
formed by reduplications of the mucous membrane. As the latter passes
from the base of the tongue to the upper surface of the epiglottis there
are produced, besides the median fold, which has been already referred
to, and in which the median glosso-epiglottic ligament is concealed, also
two lateral folds (lateral glosso-epiglottic folds), so that two shallow
depressions are formed on each side. The mucous membrane descends
from the lateral wall of the pharynx over the inner surface of the
thyroid cartilage, and then again ascends, and in this way the aryepi-
clottic folds or ligaments are formed. The depression which is thus
produced on either side is spoken of as the sinus pyriformis.

The museles of the larynx may be divided, according to their physio-
logical function, into two groups ; the first embraces those which move
the larynx as a whole, whether it be to raise, lower, or fix it ; the second,
those which change the position of the cartilages relative to one another,
and in this way regulate the shape of the organ and the tension of its
elastic portions, more especially the vocal cords. The muscles of the
second group may be divided as follows: (1) Those whose function it is
to maintain a way of communication between the external atmosphere,
the respiratory museles proper, and the lungs ; (2) those which produce
closure of the glottis requisite for phonation, and also render possible
absolute closure when it is desired to place the air within the lungs
under great pressure, and to continue this pressure; (3) those which
regulate the tension of the vocal cords.

Among those muscles whose function it is to fix the larynx and to
raise and lower it, we number the sterno-thyroid, which draws down the
larynx; the thyro-hyoid, which raises it as a whole; and, finally, the
inferior constrictor of the pharynx, which either, like the preceding,
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fixes the whole larynx, or, more especially, one of the two larger car-
tilages (thyroid or cricoid). The first of these three muscles, the

sterno-thyroid, contains a number of long fibres, which are attached to
the posterior part of the thyroid cartilage behind its articulation with
the cricoid, thus making it possible for it to raise the anterior part of
this cartilage, and so to produce relaxation of the vocal cords.

The posterior erico-arytenoid muscles or abductors act as enlargers of
the glottis, and on their proper fulfilment of this function human life is
 often dependent. They arise on either side from the inferior half of the
posterior surface of the plate of the ericoid, and, their fibres converging,
run obliguely upwards and outwards, to be inserted into the posterior
and lateral margin of the processus muscularis of the arytenoid ; through
their contraction, the cartilage is fixed inwards and backwards, rotated
round its long axis, and thus the voeal process is turned ontwards and
the glottis opened. A small external portion of this muscle, which runs
more or less perpendicularly, may draw the arytenoid outwards and
downwards.

As antagonists of the lastnamed muscle, that is, as closers of the
glottis (adductors), several muscles act, but more especially the lateral
erico-arytenoid, which, arising from the upper margin of the side of the
cricoid, passes backwards and upwards, and is inserted into the lateral
surface of the muscular process ; as it draws the arytenoid outwards and
downwards, and thus rotates the point of the vocal process inwards, it
closes the glottis, and more especially its ligamentous portion,

The action of this muscle is aided and increased by (1) the transverse
muscle (musculus transversus), which is stretched horizontally between
the two lateral margins of the arytenoids, and by its contraction so
approximates the two cartilages that their inner surfaces, and more
especially the posterior inferior parts of these which principally compose
the cartilaginous portion of the vocal cords, are in apposition. (2) The
thyro-arytenoid (the vocal muscle proper), which passes backwards from
the lower half of the inner surfice of the thyroid, near its receding
angle, in two portions, which are described by some anatomists as
separate muscles (externus and internus), to be inserted into the lateral
margin of the arytenoid. While the fibres which run from before back-
wards approximate the points of insertion of the vocal cord, the tension
of the latter necessary for the production of various notes is regulated
by the amount of their contraction ; at the same time, the voeal cords
are approximated to one another, and thus, in other words, the muscle
gives to the vocal cord as a whole both the position necessary for phona-
tion and the proper amount of tension. A few fibres of the outer
portion of this muscle spread outwards towards the ventricular bands,
and by this means these may be approximated,

The crico-thyroid muscle acts to a certain extent as an antagonist to
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the last-named ; it arises from the anterior surface of the arch of the
ericoid, passes obliquely upwards, and is inserted into the lower and
inner edge and inferior cornu of the thyroid. It increases the tension
of the voeal cords, as during fixation of the ericoid it tends to move the
thyroid forwards and downwards,

The arteries of the larynx arve the superior and middle (also called
erico-thyroid) laryngeal, which both arise from the superior thyroid, and
the inferior (or posterior) laryngeal, which arises from the inferior
thyroid. The veins correspond for the most part with the arteries and
empty themselves into the internal jugular. Lymphatic vessels are not
found in the cartilages, licaments, and museles, but are numerous in
the mucous membrane, except on the posterior surface of the epiglottis
and vocal cords, in which situations they are few and small.

The nerves are the superior and inferior laryngeal (or reecurrent), both
branches of the vagus, The superior laryngeal nerve is prineipally
sensory, and only sends a motor twig to the erico-thyroid musele. It
arises from the lower part of the pnenmogastric ganglion, and opposite
the cornu of the hyoid bone divides into two branches, of which one,
containing motor fibres (ramus externus s. minor), descends over the
thyro-pharyngeus muscle to the lower edge of the plate of the thyroid
cartilage, and ends in the erico-thyroid muscle. The other or sensory
branch (ramus externus s, major) pierces the thyro-hyoid membrane and,
as it passes inwards and slightly backwards just beneath the mueous mem-
brane, which forms the floor of the sinus pyriformis, sends branches to
the laryngeal portion of the pharynx (rami pharyngei), to the sinus pyri-
formis itself, to the outer layer of the aryepiglottic fold, and, finally, to
the whole inner surface of the larynx (rami laryngei). The inferior or
recurrent laryngeal nerve arises on the right side in front of the sub-
clavian artery, near the apex of the pleural cavity from the vagus,
ascends behind the carotid running between the trachea and cesophagus,
pierces the crico-pharyngeal musele at the lower cornu of the plate of
the cricoid, and supplies all the muscles of the larynx, with the exception
of the erico-thyroid. The left inferior laryngeal nerve leaves the vagus
on a level with the inferior margin of the aortic arch, ascends, winding
round the transverse portion of the arch between it and the bronchus
lying in the anterior part of the suleus, which the esophagus forms with
the trachea, as high as the lower edge of the ericoid, where it passes
into the larynx in the same manner as the mnerve of the opposite
side.

The mucous membrane of the larynx is immediately continuous with
that which lines the floor of the mouth and the pharynx. It shows
even to the naked eye variations in different parts of the larynx which
are of some importance in considering many pathological processes. On
the anterior wall of the larynx the mucous membrane is attached so
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firmly to the parts beneath that it can neither be displaced nor pinched
into folds, It is just as smooth and as firmly attached on the anterior
coneave surface of the cricoid cartilage ; on the other hand, between the
arytenoids (that is, on the posterior wall of the larvnx) it is attached by
loose and expansile cellular tissue to the anterior surface of the trans-
verse arytenoid muscle, and shows several longitudinal folds which dis-
appear when the glottis is widened. On the ventricular bands and in
the ventricles the mucous membrane is rather loosely attached to the
subjacent structures, and is at both extremities marked by small flattened
elevations caused by glands,  The voeal cords are covered with delicate
mueous membrane, which is so loosely attached that it is easily movable
and can be raised in folds, except at the free margins, where it is firmly
attached to the elastic fibrous tissue, which is most abundant at this
point. The epithelinm is in part pavement and in_part ciliated. The
pavement epithelium is a continuation of that lining the pharynx, and
covers the muicous membrane on the upper and under surface of the
epiglottis, the margins of the aryepiglottic folds, and extends as a narrow
stripe over the opposing surfaces of the arytenoids on to the wvoecal
cords, which, especially at their free margins, show a large amount of
pavement epithelinm. In the rest of the larynx the epithelium is com-
posed of elongated ciliated cells, which send thread-like processes down-
wards. Papillee are found on the mucous membrane of the upper surface
of the epiglottis, and on the free margins of the vocal cords, from which
they continue to the under surface, getting smaller and fewer.  Under-
neath the epithelium there is found a thin homogenous layer of trans-
parent connective tissue, which, however, is only completely homogenous
in the mucous membrane of the vocal cords, while at other parts it
shows more or less fibrous and cellular elements. The mucous mem-
brane itself is composed of a delicate fibrillar connective tissue which con-
tains numerous proliferating cells,  The cells are granular, and contain
a well-developed nucleus imbedded in a thin layer of protoplasm.
According to Luschka, these cells are to be regarded as the true matrix
of the epithelium, and play an important part in all the inflammatory
affections of the larynx. Coyne found lymph follicles in the mucous
membrane, and believes that their presence explains the occurrence of
certain ulcerations in the course of typhoid. Acinous glands ocenr
sometimes singly, sometimes in groups, and are particularly numerouns
on the tubercle of the epiglottis, at the angle formed by the epiglottis
with the aryepiglottic folds, on the ventricular bands, and within the
ventricles ; they are, moreover, irregularly scattered over the posterior
wall of the larynx, especially in the neighbourhood of the erico-arytenoid
articulation, but absent on the upper surface of the voeal cords,

Having now deseribed the individual parts of which the larynx is
composed, so far as necessary for practical purposes, it remains to present
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a picture of the architecture of the interior of the larynx, for only in
this way ean laryngoscopic examination be made intelligible.

The interior represents an elongated irregular cavity which, for con-
venience of description, may be divided into an upper, a middle, and a
lower, although the boundaries which are supposed to divide these
separate parts are founded principally on external contour, and are not
justified either by special anatomical conditions nor by the course of
pathologieal processes. The superior laryngeal space (vestibula laryngis)
extends from the entrance of the larynx to the ventricular bands. Its
anterior surface is formed by the epiglottis, and is, in accordance with
the shape of this cartilage, convex with a slight coneavity in the centre,
while the lower part shows a prominent rounded projection—the tubercle
of the epiglottis. The posterior wall is formed by the upper portion of
the arytenoids above the attachment of the ventricular bands, and by the
cartilages of Santorini, which are attached to their apices. This wall,
called the interarytenoid commissure, is liable to considerable changes in
shape through the movement of the cartilages, appearing during deep
inspiration, when the cartilages are widely separated, as a flat depression,
while, as the cartilages are approximated, it forms a perpendicular
suleus which, during complete closure of the glottis, is changed into a
hardly recognisable cleft. The lateral walls, which are composed of the
aryepiglottic folds, are attached to the epiglottis, which is wedge-
shaped with the smaller end downwards, so that they approach
each other below, and proportionately diminish the space between
them. f

The middle laryngeal space is bounded above by the ventricular
bands, below by the vocal cords, and laterally by the ventricles. The
space between the ventricles forms an oval which is wider behind than
in front, and is inclined obliquely downwards and backwards. The
space between the vocal cords is the glottis proper, and varies in shape
and width according to the position of the cords. FEach of the ven-
tricles forms an oblong space between the ventricular band and vocal
cord, which is about as long as the latter.

The inferior laryngeal space is bounded above by the vocal cords,
below by an imaginary plane through the lower edge of the ericoid
cartilage in front, and at the sides by the conoid ligament and by the
anterior and lateral portions of the ericoid cartilage ; while posteriorly
is situated the plate of the cricoid and the base of the arytenoids.
The walls of the space diverge from the under surface of the vocal
cords, until a circumference corresponding to that of the first rings of
the trachea is attained.
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THE PHYSIOLOGY OF THE LARYNX.

ALTHOUGH in our anatomical description of individual parts of the
larynx, more especially of the muscles, we have considered as far as
possible their funetions, we yet deem it necessary here to bring forward
the few physiological facts necessary for a proper comprehension of
various pathological changes, and, moreover, to glance at the laryngo-
scopic images which may ocenr in health.

Fra. 1.

GLoTTis AT REsT.

In order to fulfil its double function as an organ of respiration and
voice, the laxynx must in the first place give room for the passage of
air, and in the second place must be able to adapt the approximation
and tension of the voeal cords for purposes of phonation.

More especially must the complicated system of muscles which, as
we have seen, partly support and aid but also partly antagonise each
other, act in such a way that both functions can go on unimpeded.

As the position of rest of the glottis during which no musele is called
into action, that position may be considered which it assnmes during

Wulst = Tubercle of the Epiglottis,



12 THE PHYSIOLOGY OF THE LARYNX.

ordinary quiet breathing and which neéarly corresponds with what
Ziemssen has called the cadaveric position. The opening of the glottis
then represents a narrow isosceles triangle, the sides of which are bent
at an obtuse angle in its posterior part (Fig. 1).

During deep-foreced respiration the voeal cords separate still further
on inspiration, but during the subsequent expiration again approach
each other ; during inspiration the voeal cords form a wide and almost
pentagonal opening, and under favourable circumstances one can then
see the bifurcation of the trachea (Fig. 2).

For a membranous pipe with two tongues—such as we may consider
the larynx—to produce a sound, it is necessary that both tongues be
sufficiently tense and be approximated until they are in contact or
nearly so. We have already, in the section devoted to anatomy, shown
how closure and tension of the vocal cords are regulated. The glottis
when narrowed for the purpose of producing a sound may, however, be
closed in one of two ways, that is to say, the ligamentous and carti-
laginous portions of the vocal cords may approach each other in their
whole length so that the cleft of the glottis extends from the anterior
to the posterior commissure (Fig. 3) or the ligamentous part only may
be closed, while the cartilaginous portion forms a triangle with the apex
in front.

Fia. 2, Fiz. 3.
Pozitiox oF DEEP INSPIRATION. PHOXATION,

Both forms occur in health, but the former is the more common.
Grutzner states that it is easy for him to place his vocal cords in the
second position at will. If he then speaks with a strong expiratory
effort, his voice sounds hollow, hoarse, and sepulchral ; if he speaks with
slight pressure, a whisper is produced. Sometimes the inner surfaces of
the arytenoids are brought into contact and a cleft only remains
between the vocal cords from the anterior commissure to the points of
the vocal processes. This is particularly the case during the production
of falsetto notes, when the vocal cords enclose a short and comparatively
broad elliptical opening (Fig. 4).

The ventricular bands are capable of almost the same movements as
the cords, only under normal circumstances their edges never come in



THE PHYSIOLOGY OF THE LARYNX. 13

contact. The hypothesis that they are directly concerned in the pro-
duction of voice is wmproved. Only in disease, or when an absolute

Fia. 4. Fic. 5.

Drrixc FALSETTO NOTE. APPROXIMATION OF THE VENTEICULAE BAXDS oR
Farse Conps.

closure of the glottis is required in order to exert great pressure upon
the air within the lung, are the ventricular bands approximated and
the tubercle of the epiglottis pressed down upon them as in Fig. 5.
We must limit ourselves to this anatomical and physiological sketch,
and refer the reader for further details to works on anatomy and
physiology, more especially Der Kehlopf des Menchen by Luschka,
Tubingen 1871, and Physiologie der Stimme und Spracke by Grutzner
in Hermann's Handbuch der Physiologie,






























































































































































































































































































































































































































































































































































































































































































































































































































