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This article provides a review of the surgical anatomy of the larynx. The external cartilaginous and
bony framework of the larynx are described in relation to how these structures can be used as
landmarks to identify internal features of the larynx. The overlying musculature of the larynx is also
detailed. The spaces of the internal larynx are explained including the pre-epiglottic, paraglottic, and
cricoid area by their borders and contents to assist in orienting the surgeon. The course of vasculature
and nerves within the larynx is described in detail. This includes the anatomical variants of the
External Branch of the Superior Laryngeal nerve described by both Cernea and Friedman as well

as variations in the Recurrent Laryngeal nerve. Finally, the musculature, mucosa, and cartilaginous
structures of the internal larynx are described.
© 2019 Elsevier Inc. All rights reserved.

Introduction

The larynx functions to protect the airway during swal-
lowing and also allows phonation from the vocal ligaments
contained within the larynx. Surgical intervention within
the larynx requires a detailed knowledge of the structure
and the relationships between all components in order to
avoid complications that may impair proper functioning of
the larynx.

Exterior/superficial larynx

The larynx is built upon a framework made up of the
hyoid bone at the superior boundary of the larynx, the
cricoid cartilage inferior, and the thyroid cartilage span-
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ning and connecting these 2 structures. The hyoid bone is
a horseshoe shaped bone located at the level of C3.The in-
ferior edge of the hyoid bone is connected to the superior
border of the thyroid cartilage by the thyrohyoid mem-
brane and the median and lateral thyrohyoid ligaments.'->
The thyroid cartilage is formed from 2 quadrilateral lami-
nae which are fused medially forming the laryngeal promi-
nence.” The posterolateral edge of the thyroid cartilage
terminates in superior and inferior horns bilaterally. Infe-
rior to the thyroid cartilage is the cricoid cartilage. The 2
structures are connected via a direct articulation between
the inferior horn of the thyroid cartilage and the lateral
facet of the cricoid cartilage. The cricothyroid ligament
connects the anteromedial edge of the thyroid and cricoid
cartilages.'

The strap muscles exist as bilateral pairs which run
anteriorly and superficial to the laryngeal framework al-
lowing movement of the larynx. The sternohyoid is the
most medial travelling from the hyoid to the manubrium.
Lateral to the sternohyoid is the omohyoid which travels
inferiorly down the neck. Deep to the omohyoid and ster-


https://doi.org/10.1016/j.otot.2019.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otot.2019.09.002&domain=pdf
mailto:dgoldenberg@pennstatehealth.psu.edu
http://doi.org/10.1016/j.otot.2019.09.002

David Bailey and David Goldenberg

Surgical anatomy of the larynx 233

Infrahyoid a. fff [t

External carotid a.J\

)

Superior layngeal a.

N
o2

Paraglottic
space

Anterior branch of
superior thyroid a.

Posterior branch of

Cricothyroid a. "‘l

Ima thyroid a,

=

Figure 1

nohyoid lies the thyrohyoid spanning between the thyroid
cartilage and hyoid bone. Inferior to the lower attachment
of the thyrohyoid is the sternothyroid which travels deep to
the sternohyoid thereby connecting the thyroid cartilage to
the sternum.

Spaces of the larynx

The interior larynx houses 3 spaces, the pre-epiglottic
(PES), paraglottic (PGS), and cricoid area (CA). The
boundaries of the laryngeal spaces have been discussed
extensively in the literature however no absolute consen-
sus has been reached.’’ Despite the lack of consensus, a
summary of findings has been outlined. The PES straddles
the epiglottis anteriorly and laterally near the upper edge
of the thyroid lamina. The PES inferior edge terminates
superior to the glottic level. The PGS is medial to the
lower 2/3 of the thyroid cartilage lamina along the entire
length. The medial edge of the PGS consists of the thy-
roepiglottic ligament and aryepiglottic muscle at the supra-
glottic level. At the glottic level the medial edge is the thy-
roarytenoid muscle. The medial border of the PGS at the
subglottic level consists of the thyroarytenoid muscle, lat-
eral cricoarytenoid muscle, and conus elasticus. The CA is
medial to the internal perichondrium of cricoid within the
subglottic area. The CA is fused above to the conus elas-
ticus and to the first tracheal ligament inferiorly, travelling
in an oblique direction posterosuperior from cricothyroid
joint to an anteroinferior connection.'
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Vascular supply to the larynx.

Neurovasculature

Blood supply to the larynx is provided by branches of
the superior and inferior laryngeal arteries. The arteries of
the larynx run in the paraglottic space between the laryn-
geal muscles and thyroid cartilage.'

The superior laryngeal artery (SLA) divides off of the
superior thyroid artery and enters the PGS space superiorly
by piercing the lateral thyrohyoid membrane accompanied
by the internal branch of the superior laryngeal nerve. The
SLA then descends in the posterior portion of the paraglot-
tic space. Within the supraglottic portion of the paraglottic
space the ventral branch travels anteriorly off the descend-
ing SLA until anastomosing with the ascending branch of
the cricothyroid branch of the superior thyroid artery. Once
reaching the glottic level, the SLA divides again into ante-
rior and posterior divisions. The anterior division anasto-
moses with the cricothyroid branch of the superior thyroid
artery within the paraglottic space. The posterior division
continues inferiorly until anastomosing with the inferior
laryngeal artery in the posterior portion of the paraglottic
space (Figure 1).

The cricothyroid branch of the superior thyroid artery
enters the paraglottic space through the cricothyroid liga-
ment before dividing, with 1 branch continuing through
the paraglottic space until anastomosing with the ante-
rior division of the descending branch of the SLA and an
ascending branch traveling anteriorly within the PSGS be-
fore anastomosing with the ventral branch of the SLA.
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The inferior laryngeal artery travels up the trachea in
the tracheoesophageal groove deep to the inferior con-
strictor muscle with the recurrent laryngeal nerve before
anastomosing with the posterior division of the descend-
ing branch of the SLA as well as with the branch from
the opposite side.

The larynx is innervated by the recurrent laryngeal
nerves (RLN) and the superior laryngeal nerves (SLN).
On each side of the neck the SLN originates from the
ganglion nodosum to descend alongside the pharynx pos-
terior and then medial to the internal carotid artery be-
fore dividing into internal and external branches.®’ The
internal branch pierces the thyrohyoid membrane with the
SLA before dividing into the upper and lower branches.
The external branch travels inferiorly until terminating in
the cricothyroid muscle. Descent of the external branch
has been described in the literature extensively, notably by
Cernea and Friedman. The criteria outlined by Cernea cat-
egorizes variations of the external branch of the superior
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laryngeal nerve (EBSLN) in relation to the superior thy-
roid vessels, classifying 3 distinct types.'” Type I EBSLN
crosses the vessels at least 1 cm above the plane horizon-
tal to the upper edge of the superior thyroid pole, Type Ila
crosses less than 1 cm but above the plane, IIb less than
1 cm but below the plane. An alternative classification de-
signed to increase identification in previously “unidentifi-
able” EBSLN has been described by Friedman.!'! Under
the Friedman criteria Type I travels superficial or lateral
to the inferior constrictor with the superior thyroid ves-
sels until terminating in the cricothyroid muscle. Type II
penetrates the lower portion of the inferior constrictor and
terminates in the cricothyroid muscle. Type III penetrates
the superior portion of the inferior constrictor until termi-
nating in the cricothyroid muscle. Type II and type III offer
protection to the external branch of the SLN though make
identification difficult visually. Friedman did not offer data
on percentages of nerves which are Type II/III but others
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have enumerated the finding of these variations at being
34% for type II and 15% for type IIL."°

The RLN are branches of the vagus nerves. The right
and left nerves have varying paths down the neck be-
fore recurring and terminating posterior and lateral to the
cricothyroid articulation. The left RLN branches off the va-
gus nerve before dipping underneath the aorta and travel-
ing superiorly into the tracheoesophageal groove. The right
RLN loops posteriorly around the subclavian artery and
rises to the level of the larynx in the tracheoesophageal
groove.'> While traveling superiorly, additional variations
between the left and right RLN exist. While the right RLN
travels in the tracheoesophageal groove on 65% of cases,
the left RLN does so on 77% of cases. The RLN travels
lateral to the trachea on 33% of cases on the right, and
only on 22% on the left. Rarely, the RLN may be located
anterolateral to the trachea which leaves the nerve more
vulnerable to surgical injury. Typically, the RLN travels
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posterior to the inferior thyroid artery on 61% of the cases,
but the nerve may also be located between its branches in
6.5% of cases, or anterior to the vessels in 32.5% of cases.
Branching of the RLN occurs along its superior travel 40%
of the time.'* Identification of the branching pattern is im-
portant for nerve preservation. The anterior branch may be
mistaken for a stray posterior branch. Branching may oc-
cur between approximately 0.5 cm from the inferior border
of the cricoid cartilage.'* A unique variation that may be
encountered is a nonrecurrent RLN in approximately 0.6%
of cases, and is more frequent on the right.'*

Extralaryngeal anatomical landmarks

Anticipating the location of internal laryngeal structures
can rely on the presence of exterior landmarks. Using these
landmarks to locate important interior structures can be
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beneficial for surgical management. The vocal ligament
location can be predicted from an anterior view by lo-
cating the anterior commissure which is halfway between
the superior thyroid notch and inferior border of thyroid
cartilage. Looking laterally, the tip of the vocal process
is located at the midpoint between the anterior and pos-
terior borders. The vocal ligament travels anteriorly from
the vocal process to the thyroid cartilage. The cricoary-
tenoid joint is also located at the level of the vocal fold.
The ventricular fold may be identified by finding the mid-
way point between the superior thyroid notch and anterior
commissure.'

The endolarynx

The inner structure of the larynx consists of a frame-
work of cartilage and connective tissue (Figure 2A and
B). Articulating on top of the lamina of the cricoid carti-
lage, are the 2 pyramidal shaped arytenoid cartilages which
function as a key connection point for muscles and liga-
ments. Articulating with the summits of the arytenoids,
are the corniculate cartilages. The cuneiform cartilages
are a bilateral pieces of cartilage which reside within the
aryepiglottic fold just anterior to the corniculate cartilages.
The epiglottis is attached at its stem, via the thyroepiglot-
tic ligament, to the posterior aspect of the anterior thyroid
cartilage. The hyoepiglottic ligament is a fan shaped lig-
ament which further connects the epiglottis to the hyoid
bone anteriorly (Figure 2C).!

The intrinsic laryngeal muscles (Figure 3A-C) consist
of the cricothyroid, thyroarytenoid, the posterior and the
lateral cricoarytenoid, the transverse and the oblique ary-
tenoid muscles. These muscles control the shape of the
rima glottidis and the tension of the vocal cords. The
cricothyroid muscle stretches from the anterolateral aspect
of the cricoid cartilage to the inferior horn of the thyroid
cartilage. The thyroarytenoid originates from the infero-
posterior aspect of the angle of the thyroid cartilage to in-
sert onto the anterolateral arytenoid cartilage. The posterior
cricoarytenoid muscle originates from the posterior surface
of the cricoid cartilage to insert onto the muscular process
of the arytenoid cartilage. The lateral cricoarytenoid origi-
nates from the lateral part of the cricoid cartilage to insert
onto the muscular process of the arytenoid cartilage. Span-
ning between the arytenoids are the transverse and oblique
arytenoid muscles.

The ventricular fold is the thickened inferior edge of
the quadrangular membrane that is stretched superior and
parallel to the vocal fold, attached anteriorly to the lat-
eral border of the thyroepiglottic ligament and stretching
posteriorly to meet the arytenoid cartilage. Inferior to the
ventricular fold is the vocal ligament which stretches from
the vocal process of the arytenoid cartilage posteriorly, to
the anterior commissure tendon anteriorly. The vocal lig-
ament is a thickening of the superior edge of the conus
elasticus. The conus elasticus is an elastic membrane that
radiates from the superior border of the cricoid cartilage

to the vocal ligament. The conus elasticus also fuses with
the cricothyroid ligament. Reinke’s space (the superficial
lamina propria) is a potential space between the vocal cord
mucosa and the vocal ligament, and has a key role in the
vocal cord vibration pattern.

Conclusion

Knowledge of the laryngeal anatomy is imperative for
proper physical examination and surgical management. Un-
derstanding the external landmarks can be beneficial in
cases of external approach in order to anticipate the loca-
tion of the endolaryngeal structures.
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