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DEEP STRUCTURES OF NECK

Prevertebral muscles: The prevertebral muscles, deep to the
prevertebral layer of deep cervical fascia, are divided into ante-
rior and lateral vertebral muscles by the neurovascular plane of
the cervical and brachial plexuses and subclavian artery. ¢ The
anterior vertebral muscles flex the head and neck; however, this
movement is normally produced by gravity in conjunction with
eccentric contraction of the extensors of the neck. ¢ Thus, the
anterior vertebral muscles are called into action mainly when
this movement is performed against resistance, probably initi-
ating the movement while the strength of the movement is pro-
duced by the SCM. ¢ The lateral vertebral muscles laterally flex
the neck, participate in rotation of the neck, and fix or elevate
the superiormost ribs during forced inspiration.

Root of the neck: The branches of the arch of the aorta
bifurcate and/or traverse the root of the neck, with the branches
of the subclavian artery arising here also. ¢ The internal jugular

VISCERA OF NECK

The cervical viscera are disposed in three layers, named for
their primary function (Fig. 8.26). Superficial to deep, they
are the:

1. Endocrine layer: the thyroid and parathyroid glands.
2. Respiratory layer: the larynx and trachea.
3. Alimentary layer: the pharynx and esophagus.

Endocrine Layer of Cervical Viscera

The viscera of the endocrine layer are part of the body’s
endocrine system of ductless, hormone-secreting glands.
The thyroid gland is the body’s largest endocrine gland.
It produces thyroid hormone, which controls the rate of
metabolism, and calcitonin, a hormone controlling calcium
metabolism. The thyroid gland affects all areas of the body
except itself and the spleen, testes, and uterus. The hormone
produced by the parathyroid glands, parathormone (PTH),
controls the metabolism of phosphorus and calcium in the
blood. The parathyroid glands target the skeleton, kidneys,

and intestine.

THYROID GLAND

The thyroid gland lies deep to the sternothyroid and ster-
nohyoid muscles, located anteriorly in the neck at the level of
the C5-T1 vertebrae (Fig. 8.26). It consists primarily of right
and left lobes, anterolateral to the larynx and trachea. A rela-
tively thin isthmus unites the lobes over the trachea, usually
anterior to the second and third tracheal rings. The thyroid
gland is surrounded by a thin fibrous capsule, which sends

and subclavian veins converge at the root of the neck to form the
brachiocephalic veins. ¢ The major lymphatic trunks (right lym-
phatic duct and thoracic duct) enter the venous angles formed by
the convergence of these veins. ¢ The phrenic and vagus nerves
enter the thorax by passing anterior to the subclavian arteries
and posterior to the brachiocephalic veins. ¢ The sympathetic
trunks and recurrent laryngeal nerves traverse the root of the
neck posterior to the arteries, as do the visceral structures (tra-
chea and esophagus). ¢ The cervical portion of the sympathetic
trunks include three cervical sympathetic ganglia (inferior, mid-
dle, and superior), in which presynaptic fibers from the superior
thoracic spinal cord synapse with postsynaptic neurons. ¢ These
neurons send fibers to the cervical spinal nerves, via gray rami
communicantes; to the head and viscera of the neck, via cephalic
arterial branches and peri-arterial plexuses; and to the thoracic
viscera, via cardiac (cardiopulmonary splanchnic) nerves.

septa deeply into the gland. Dense connective tissue attaches
the capsule to the cricoid cartilage and superior tracheal rings.
External to the capsule is a loose sheath formed by the visceral
portion of the pretracheal layer of deep cervical fascia.

Arteries of Thyroid Gland. The highly vascular thy-
roid gland is supplied by the superior and inferior thyroid
arteries (Figs. 8.26B and 8.27). These vessels lie between
the fibrous capsule and the loose fascial sheath. Usually the
first branches of the external carotid arteries, the superior
thyroid arteries, descend to the superior poles of the gland,
pierce the pretracheal layer of deep cervical fascia, and
divide into anterior and posterior branches supplying mainly
the anterosuperior aspect of the gland.

The inferior thyroid arteries, the largest branches of
the thyrocervical trunks arising from the subclavian arter-
ies, run superomedially posterior to the carotid sheaths to
reach the posterior aspect of the thyroid gland. They divide
into several branches that pierce the pretracheal layer of the
deep cervical fascia and supply the posteroinferior aspect,
including the inferior poles of the gland. The right and
left superior and inferior thyroid arteries anastomose exten-
sively within the gland, ensuring its supply while providing
potential collateral circulation between the subclavian and
external carotid arteries.

In approximately 10% of people, a small, unpaired thy-
roid ima artery (L. arteria thyroidea ima) arises from the
brachiocephalic trunk (see the blue box “Thyroid Ima Artery”
on p. 1040); however, it may arise from the arch of the aorta
or from the right common carotid, subclavian, or internal
thoracic arteries. When present, this small artery ascends on
the anterior surface of the trachea, supplying small branches
to it. The artery then continues to the isthmus of the thyroid
gland, where it divides and supplies it.
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(D) Transverse CT scan through lobes of thyroid gland Inferior views  (E) Transverse MRI study through thyroid isthmus

FIGURE 8.26. Relationships of thyroid gland. A. The sternothyroid muscles have been cut to expose the lobes of the normal thyroid gland. The isthmus
lies anterior to the second and third tracheal rings. B. The parathyroid glands are usually embedded in the fibrous capsule on the posterior surface

of the thyroid gland. C-E. The functional layers of the cervical viscera are indicated. The levels of the imaging studies are close to that shown in part C.
(Part D courtesy of Dr. M. Keller, Medical Imaging, University of Toronto, Toronto, Ontario, Canada. Part E Courtesy of Dr. W. Kucharczyk, Professor

and Neuroradiologist Senior Scientist, Department of Medical Resonance Imaging, University Health Network, Toronto, Ontario, Canada.)
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Inferior pharyngeal
constrictor

Superior laryngeal
nerve, external branch

== External carotid artery
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— ———————— Prevertebral fascia
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Parathyroid glands

Thyroid gland

Inferiorpole —
of left lobe

Sympathetic trunk

Superior pole of left lobe

Contents of carotid sheath (common carotid
artery, IJV, vagus nerve [CN X])

Ascending cervical branch

Inferior thyroid artery
Middle cervical (sympathetic) ganglion

Inferior thyroid vein

Trachea

Sternothyroid \

Anterior sternoclavicular _

ligament

Anterior view

T

Left recurrent laryngeal nerve (going deep
to become the inferior laryngeal nerve)
" Thoracic duct

Cardiac and esophageal branches
(cardiopulmonary splanchnic nerves)

Esophagus
Left recurrent laryngeal nerve

Articular disc of sternoclavicular joint

FIGURE 8.21. Dissection of left side of root of neck. The viscera (thyroid gland, trachea, and esophagus) are retracted to the right, and the contents of
the left carotid sheath are retracted to the left. The middle thyroid vein, severed to allow such retraction, is not apparent. The left parathyroid glands on the
posterior aspect of the left lobe of the thyroid gland are exposed. The recurrent laryngeal nerve ascends beside the trachea, in the angle between the trachea
and the esophagus. The thoracic duct passes laterally, posterior to the contents of the carotid sheath as the thyrocervical trunk passes medially.

Veins of Thyroid Gland. Three pairs of thyroid veins
usually form a thyroid plexus of veins on the anterior sur-
face of the thyroid gland and anterior to the trachea (Figs.
8.27 and 8.28). The superior thyroid veins accompany the
superior thyroid arteries; they drain the superior poles of
the thyroid gland; the middle thyroid veins do not accom-
pany but run essentially parallel courses with the inferior thy-
roid arteries; they drain the middle of the lobes. The usually
independent inferior thyroid veins drain the inferior poles.
The superior and middle thyroid veins drain into the IJVs;
the inferior thyroid veins drain into the brachiocephalic veins
posterior to the manubrium.

Lymphatic Drainage of Thyroid Gland. The lymphatic
vessels of this gland run in the interlobular connective tissue,
usually near the arteries; they communicate with a capsular
network of lymphatic vessels. From here, the vessels pass
initially to prelaryngeal, pretracheal, and paratracheal
lymph nodes. The prelaryngeal nodes drain in turn to the
superior deep cervical lymph nodes, and the pretracheal and
paratracheal lymph nodes drain to the inferior deep cervical
nodes (Fig. 8.29). Laterally, lymphatic vessels located along
the superior thyroid veins pass directly to the inferior deep cer-
vical lymph nodes. Some lymphatic vessels may drain into the
brachiocephalic lymph nodes or the thoracic duct (Fig. 8.27).

Nerves of Thyroid Gland. The nerves of the thyroid
gland are derived from the superior, middle, and inferior
cervical (sympathetic) ganglia (Figs. 8.25 and 8.27). They

reach the gland through the cardiac and superior and inferior
thyroid peri-arterial plexuses that accompany the thyroid arter-
ies. These fibers are vasomotor, not secretomotor. They cause
constriction of blood vessels. Endocrine secretion from the

thyroid gland is hormonally regulated by the pituitary gland.

PARATHYROID GLANDS

The small flattened, oval parathyroid glands usually lie
external to the thyroid capsule on the medial half of the poste-
rior surface of each lobe of the thyroid gland, inside its sheath
(Figs. 8.26B, 8.27 and 8.30A). The superior parathyroid
glands usually lie slightly more than 1 cm superior to the
point of entry of the inferior thyroid arteries into the thyroid
gland. The inferior parathyroid glands usually lie slightly
more than 1 cm inferior to the arterial entry point (Skandalakis
et al., 1995). Most people have four parathyroid glands.
Approximately 5% of people have more; some have only two
glands. The superior parathyroid glands, more constant in
position than the inferior ones, are usually at the level of the
inferior border of the cricoid cartilage. The inferior parathy-
roid glands are usually near the inferior poles of the thyroid
gland, but they may lie in various positions (Fig. 8.30B). In
1-5% of people, an inferior parathyroid gland is deep in the
superior mediastinum (Norton and Wells, 1994).

Vessels of Parathyroid Glands. Because the inferior thy-
roid arteries provide the primary blood supply to the posterior
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Sternohyoid, reflected
superiorly

Thyrohyoid

Right lobe of thyroid gland —_

Middle thyroid vein

Internal jugular vein
Vagus nerve (CN X)

Common carotid artery

Subclavian artery

Sternothyroid (cut end)

/ inferiorly
Inferior thyroid vein

Accessory thyroid gland

\ . .
Thyroid cartilage

Cricothyroid

Sternothyroid

Left lobe of
thyroid gland

Trachea

Sternohyoid, reflected

Brachiocephalic trunk
Anterior view

FIGURE 8.28. Thyroid gland. A dissection of the anterior aspect of the neck is shown. In this specimen, there is a small accessory thyroid gland on the right,
lying on the thyrohyoid muscle, lateral to the thyroid cartilage. The superior thyroid artery is distributed primarily to the anterosuperior portion of the gland.

- x =

—= Superior deep cervical = ==3 Prelaryngeal
mmm [nferior deep cervical === Paratracheal
mmm Submental m== Pretracheal
=== Submandibular

FIGURE 8.29. Lymphatic drainage of thyroid gland, larynx, and
trachea. The arrows indicate the direction of lymph flow.

aspect of the thyroid gland where the parathyroid glands are
located, branches of these arteries usually supply these glands
(Figs. 8.26B and 8.30A). However, they may also be supplied by
branches from the superior thyroid arteries; thyroid ima artery;
or laryngeal, tracheal, and esophageal arteries. Parathyroid
veins drain into the thyroid plexus of veins of the thyroid gland
and trachea (Fig. 8.28). Lymphatic vessels from the parathyroid
glands drain with those from the thyroid gland into deep cervi-
cal lymph nodes and paratracheal lymph nodes (Fig. 8.29).
Nerves of Parathyroid Glands. The nerve supply of
the parathyroid glands is abundant; it is derived from thyroid
branches of the cervical (sympathetic) ganglia (Fig. 8.25).
Like the nerves to the thyroid, they are vasomotor rather than
secretomotor because these glands are hormonally regulated.

Respiratory Layer of Cervical Viscera

The viscera of the respiratory layer, the larynx and trachea,
contribute to the respiratory functions of the body. The main
functions of the cervical respiratory viscera are as follows:

e Routing air and food into the respiratory tract and esopha-
gus, respectively.

e Providing a patent airway and a means of sealing it off
temporarily (a “valve”).

* Producing voice.
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Epiglottis GC—0.3%
Greater horn of —__ Internal laryngeal
hyoid bone nerve

— External laryngeal
nerve

Inferior constrictor
\ C 0.3%
Cricopharyngeus __~Sheath of thyroid 1M%— 9 C—13%
gland
3%
Right lobe of thyroid K
Para. | Superior gland 1% ) o c 16%
thyroid N
glands || tonor— > Parathyroid glands 20% —O G 38%
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— Inferior thyroid artery
Esophagus ———— —Recurrent laryngeal nerve
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Submucous coat ——— o
of esophagus 4% O
(A) Posterior view (B) Anterior view

FIGURE 8.30. Thyroid and parathyroid glands. A. The thyroid sheath has been dissected from the posterior surface of the thyroid gland to reveal the
three embedded parathyroid glands. Both parathyroid glands on the right side are rather low, and the inferior gland is inferior to the thyroid gland. B. Sites
and frequencies of aberrant parathyroid glandular tissue are shown.

LARYNX inferior part of the pharynx (oropharynx) with the trachea.
Although most commonly known for its role as the phonating
mechanism for voice production, its most vital function is to
guard the air passages, especially during swallowing when it
serves as the “sphincter” or “valve” of the lower respiratory
tract, thus maintaining a patent airway.

The larynx is the complex organ of voice production (the
“voice box”) composed of nine cartilages connected by mem-
branes and ligaments and containing the vocal folds (“cords”).
The larynx is located in the anterior neck at the level of
the bodies of C3-C6 vertebrae (Fig. 8.31). It connects the

Pharyngeal tonsil Cerebellum

(adenoids) 4th ventricle

Middle nasal concha — Pons

Inferior nasal concha N Medulla oblongata

Palate {SOft Anterior arch of atlas
Hard

Posterior arch of atlas

Mucosal surface —M ———
of tongue Dens of axis
Tongue

Spinal cord
Oropharynx
Mandible ———
Epiglottis Body of C6 vertebra
Larynx
Esophagus

Intervertebral disc

Trachea

Spinous process

Median section

FIGURE 8.31. Median MRI of head and neck. Because the air and food passages share the oropharynx, separation of food and air must occur to
continue into the trachea (anterior) and esophagus (posterior). (Courtesy of Dr. W. Kucharczyk, University Health Network, Toronto, Ontario, Canada.)
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Laryngeal Skeleton. The laryngeal skeleton consists of
nine cartilages: three are single (thyroid, cricoid, and epiglot-
tic), and three are paired (arytenoid, corniculate, and cunei-
form) (Fig. 8.32A & B).

The thyroid cartilage is the largest of the cartilages;
its superior border lies opposite the C4 vertebra. The infe-
rior two thirds of its two plate-like laminae fuse anteriorly
in the median plane to form the laryngeal prominence
(Fig. 8.32A & D). This projection (“Adam’s apple”) is well
marked in men but seldom visible in women. Superior to
this prominence, the laminae diverge to form a V-shaped
superior thyroid notch. The less distinct inferior thyroid
notch is a shallow indentation in the middle of the inferior
border of the cartilage.

The posterior border of each lamina projects superiorly as
the superior horn and inferiorly as the inferior horn. The
superior border and superior horns attach to the hyoid by the
thyrohyoid membrane (Fig. 8.32A & B). The thick median
part of this membrane is the median thyrohyoid ligament;
its lateral parts are the lateral thyrohyoid ligaments.

The inferior horns articulate with the lateral surfaces of
the cricoid cartilage at the cricothyroid joints (Fig. 8.32B).
The main movements at these joints are rotation and glid-
ing of the thyroid cartilage, which result in changes in the
length of the vocal folds. The cricoid cartilage is shaped
like a signet ring with its band facing anteriorly. This ring-like
opening of the cartilage fits an average finger. The posterior
(signet) part of the cricoid is the lamina, and the anterior
(band) part is the arch (Fig. 8.32A). Although much smaller
than the thyroid cartilage, the cricoid cartilage is thicker and
stronger and is the only complete ring of cartilage to encircle
any part of the airway. It attaches to the inferior margin of
the thyroid cartilage by the median cricothyroid ligament
and to the first tracheal ring by the cricotracheal ligament.
Where the larynx is closest to the skin and most accessible,
the median cricothyroid ligament may be felt as a soft spot
during palpation inferior to the thyroid cartilage.

The arytenoid cartilages are paired, three-sided pyra-
midal cartilages that articulate with the lateral parts of the
superior border of the cricoid cartilage lamina (Fig. 8.32B).
Each cartilage has an apex superiorly, a vocal process ante-
riorly, and a large muscular process that projects laterally
from its base. The apex bears the corniculate cartilage and
attaches to the ary-epiglottic fold. The vocal process pro-
vides the posterior attachment for the vocal ligament, and
the muscular process serves as a lever to which the posterior
and lateral crico-arytenoid muscles are attached. The crico-
arytenoid joints, located between the bases of the arytenoid
cartilages and the superolateral surfaces of the lamina of the
cricoid cartilage (Fig. 8.32B), permit the arytenoid cartilages
to slide toward or away from one to another, to tilt anteriorly
and posteriorly, and to rotate. These movements are impor-
tant in approximating, tensing, and relaxing the vocal folds.

The elastic vocal ligaments extend from the junction of
the laminae of the thyroid cartilage anteriorly to the vocal
process of the arytenoid cartilage posteriorly (Fig. 8.32E).
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The vocal ligaments make up the submucosal skeleton of the
vocal folds. These ligaments are the thickened, free superior
border of the conus elasticus or cricovocal membrane.
The parts of the membrane extending laterally between the
vocal folds and the superior border of the cricoid are the lat-
eral cricothyroid ligaments. The fibro-elastic conus elasti-
cus blends anteriorly with the median cricothyroid ligament.
The conus elasticus and overlying mucosa close the tracheal
inlet except for the central rima glottidis (opening between
the vocal folds).

The epiglottic cartilage, consisting of elastic cartilage,
gives flexibility to the epiglottis, a heart-shaped cartilage
covered with mucous membrane (Fig. 8.32B). Situated pos-
terior to the root of the tongue and the hyoid and anterior
to the laryngeal inlet, the epiglottic cartilage forms the
superior part of the anterior wall and the superior margin of
the inlet. Its broad superior end is free. Its tapered inferior
end, the stalk of the epiglottis, is attached to the angle
formed by the thyroid laminae by the thyro-epiglottic liga-
ment (Fig. 8.32E). The hyo-epiglottic ligament attaches
the anterior surface of the epiglottic cartilage to the hyoid
(Fig. 8.33). The quadrangular membrane (Figs. 8.32B
and 8.34) is a thin, submucosal sheet of connective tissue
that extends between the lateral aspects of the arytenoid and
epiglottic cartilages. Its free inferior margin constitutes the
vestibular ligament, which is covered loosely by mucosa to
form the vestibular fold (Fig. 8.34). This fold lies superior
to the vocal fold and extends from the thyroid cartilage to the
arytenoid cartilage. The free superior margin of the quad-
rangular membrane forms the ary-epiglottic ligament,
which is covered with mucosa to form the ary-epiglottic
fold. The corniculate and cuneiform cartilages appear
as small nodules in the posterior part of the ary-epiglottic
folds. The corniculate cartilages attach to the apices of the
arytenoid cartilages; the cuneiform cartilages do not directly
attach to other cartilages. The quadrangular membrane and
conus elasticus are the superior and inferior parts of the sub-
mucosal fibro-elastic membrane of the larynx.

Interior of Larynx. The laryngeal cavity extends from
the laryngeal inlet, through which it communicates with the
laryngopharynx, to the level of the inferior border of the cri-
coid cartilage. Here the laryngeal cavity is continuous with
the cavity of the trachea (Figs. 8.34 and 8.35A & B). The
laryngeal cavity includes the:

e Laryngeal vestibule: between the laryngeal inlet and
the vestibular folds.

e Middle part of the laryngeal cavity: the central cavity
(airway) between the vestibular and vocal folds.

e Laryngeal ventricle: recesses extending laterally from
the middle part of the laryngeal cavity between vestibular
and vocal folds. The laryngeal saccule is a blind pocket
opening into each ventricle that is lined with mucosal
glands.

* Infraglottic cavity: the inferior cavity of the larynx
between the vocal folds and the inferior border of the
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FIGURE 8.32. Skeleton of larynx. A. Although firmly connected to it, the hyoid is not part of the larynx. The larynx extends vertically from the tip of the
heart-shaped epiglottis to the inferior border of the cricoid cartilage. B. The thyroid cartilage shields the smaller cartilages of the larynx, and the hyoid shields
the superior part of the epiglottic cartilage. C. Three views of an isolated arytenoid cartilage are shown. 7, Corniculate cartilage; 2, apex of arytenoid carti-
lage; 3, anterolateral surface; 4, vocal process (projects anteriorly, provides attachment for vocal ligament); 5, muscular process (projects laterally,

for attachment of posterior and lateral crico-arytenoid muscles); 6, oblong fovea (for attachment of thyro-arytenoid muscle); 7, base; 8, medial surface;

9, articular surface; 70, posterior surface. D. The thyroid cartilage and cricothyroid muscle are shown. This muscle produces movement at the cricothyroid
joint. E. The epiglottic cartilage is pitted for mucous glands, and its stalk is attached by the thyro-epiglottic ligament to the angle of the thyroid cartilage
superior to the vocal ligaments. The vocal ligament, which forms the skeleton of the vocal fold, extends from the vocal process of the arytenoid cartilage to
the “angle” of the thyroid cartilage, and there joins its fellow inferior to the thyro-epiglottic ligament.



Machine Translated by Google

1024 E= ES4

o — ipmme
TREE | sm —_— v 4
8 :
\ '< —— FhgE
D \. BRERETS
Iz — 3
, BREETE
./,A/
e
P pao ==y
rmn | VERE
; 3fir

(A) HRAER B—

R
BN
V PR
JYF

" — &

PAREES7 S

SR —— e =

' -
BE —_— ]
r e I

TR |

(D) ARIER

AT i
BRUBD LA - — PREEH
P ¥ " . / ,‘
AR p )
e \ ) JES
Y« B

AENRE"

EEABO WRSEEIE
\ - | l/W%EE)\EI

=T AL

/ I
#E
BEE s 1 i
7’|:Hz;< ':( \@ o
& — N BRUBIR
RIS / ERR IR
EI'-|
BERE (REAHAOE) . o
. W
SEROHE - . ,.
. CERERMTS
MEEEACD
(B) #AE ?
12 2 2
p II‘A | |T\’f, 1 _T) |
! , Y
|10
7 34 4—3 f
6 />/ 8 . 5 “ ) A -
‘§</ R \7 —‘_’]‘f' JJ_ 9 *V;‘
(C) FIER Al SRR wHEa—
WERENE —=t
CAE L mwpmEws
FRNE N chafs
BRBES A SRR ERRRTE
wa e
g F—n
" —’T‘_ a%»
7Ot TELY
AR gy — P T A Toxr s
%wE TR RS
s b
e
7Otz
M;EE U4
BrEE BRBARBRE
BRNBIR

(E) Bn7BkE

8.32 EEADER A EBIFIFFRIC L oD DL DB > TV ETH IREHD—EL TIEdH DE R A MEERIZ ./ \— MEDHRERE DSTiRD SEIRR B D MR £ TEBEICHU T
WEY B FREBIIHRERD/ NS B ZRE L . EBISEEZNE D LEZRE L &9 .C ML LIERREBD 3 DORERLET 1 HREE. 2IHRNBDIER.
BISMARE. 4 IS (B ICZRH U FEREImO MY A L ET) S5 BAZEE (FMANICZR L R IR C MR IR D B L 9). 6538k (SMANICZEH

L REINIERE COMUBR IR I B L XY ). 6. RIBAFOPOE (BRIEEHOMNER) « 7EAE. 8WiE. 9fm. 104&ME. D.FR%NE
CERPREDT N TV 3. COFRISERRPRER OB SZ2EAHT, EMEEZERBICIAERRDIZODEHDH D 2O RGBS FIC L > THEHI

LD LDOBREBAHICNE L TWS A EZ DB E M T S5 8w KRR B DREHIZEN SPRREBED I TR CTRREERE LD TOR L

LEET 3.



Body of hyoid \
Lesser horn
\

Hyo-epiglottic ligament
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FIGURE 8.33. Epiglottis and hyo-epiglottic ligament. The epiglottis is
a leaf-shaped plate of elastic fibrocartilage, which is covered with mucous
membrane (pink) and is attached anteriorly to the hyoid by the hyo-epiglottic
ligament (blue). The epiglottis serves as a diverter valve over the superior
aperture of the larynx during swallowing.

cricoid cartilage, where it is continuous with the lumen of
the trachea.

The vocal folds control sound production (Figs. 8.35 and
8.36). The apex of each wedge-shaped fold projects medially
into the laryngeal cavity. Each vocal fold contains a:

* Vocal ligament, consisting of thickened elastic tissue that is the
medial free edge of the conus elasticus (Figs. 8.32E and 8.34).
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* Vocalis muscle, composed of exceptionally fine muscle
fibers immediately lateral to and terminating at intervals
relative to the length of the vocal ligaments (Fig. 8.35A).

The vocal folds are the sharp-edged folds of mucous mem-
brane overlying and incorporating the vocal ligaments and
the thyro-arytenoid muscles. They are the source of the
sounds (tone) that come from the larynx. These folds pro-
duce audible vibrations when their free margins are closely
(but not tightly) apposed during phonation, and air is forcibly
expired intermittently (Fig. 8.36C). The vocal folds also serve
as the main inspiratory sphincter of the larynx when they are
tightly closed. Complete adduction of the folds forms an
effective sphincter that prevents entry of air.

The glottis (the vocal apparatus of the larynx) makes up
the vocal folds and processes, together with the rima glot-
tidis, the aperture between the vocal folds (Fig. 8.35C). The
shape of the rima (L. slit) varies according to the position of
the vocal folds (Fig. 8.36). During ordinary breathing, the
rima is narrow and wedge shaped; during forced respiration,
it is wide and trapezoidal in shape. The rima glottidis is slit-
like when the vocal folds are closely approximated during
phonation. Variation in the tension and length of the vocal
folds, in the width of the rima glottidis, and in the intensity
of the expiratory effort produces changes in the pitch of the

/ Epiglottic cartilage

Quadrangular membrane

Vestibular ligament

Cuneiform cartilage
/ Superior horn of

thyroid cartilage

Corniculate cartilage
T Arytenoid cartilage, medial surface

__———Posterior crico-arytenoid ligament

Vocal process of arytenoid cartilage

Vocal ligament Conus
Lateral cricothyroid ligament | elasticus

/

Surgical needle spreading halves of cricoid cartilage

Tracheal ring

FIGURE 8.34. Interior of larynx. The posterior wall of the larynx is split in the median plane, and the two sides are spread apart and held in place
by a surgical needle. On the left side, the mucous membrane is intact. On the right side, the mucous and submucous coats are peeled off, and the skeletal
coat—consisting of cartilages, ligaments, and the fibro-elastic membrane—is uncovered.
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FIGURE 8.35. Folds and compartments of larynx. A. This coronal section shows the compartments of the larynx: the vestibule, middle compartment
with left and right ventricles, and the infraglottic cavity. B. This MRI study shows the epiglottic valleculae of the oropharynx, piriform fossae of the laryn-
gopharynx, and vestibular and vocal folds of the larynx. C. The rima glottidis (the space between the vocal folds) is visible through the laryngeal inlet and
vestibule. The laryngeal inlet is bounded (1) anteriorly by the free curved edge of the epiglottis; (2) posteriorly by the arytenoid cartilages, the corniculate
cartilages that cap them, and the interarytenoid fold that unites them; and (3) on each side by the ary-epiglottic fold that contains the superior end of
the cuneiform cartilage. D and E. The planes of these transverse studies, oriented in the same direction as part C, pass superior (D) and inferior (E) to the
rima glottidis. (MRI studies courtesy of Dr. W. Kucharczyk, University Health Network, Toronto, Ontario, Canada.)
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(A) Normal respiration
(“resting” position)

(B) Forced respiration
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(D) Whispering

(C) Phonation

FIGURE 8.36. Variations in shape of rima glottidis. A. The shape of the rima glottidis, the aperture between the vocal folds, varies according to the posi-
tion of the vocal folds. During normal respiration, the laryngeal muscles are relaxed and the rima glottidis assumes a narrow, slit-like position. B. During a

deep inhalation, the vocal ligaments are abducted by contraction of the posterior crico-arytenoid muscles, opening the rima glottidis widely into an inverted
kite shape. C. During phonation, the arytenoid muscles adduct the arytenoid cartilages at the same time that the lateral crico-arytenoid muscles moderately
adduct. Air forced between the adducted vocal ligaments produces tone. Stronger contraction of the same muscles seals the rima glottidis (Valsalva maneuver).

D. During whispering, the vocal ligaments are strongly adducted by the lateral crico-arytenoid muscles, but the relaxed arytenoid muscles allow air to pass
between the arytenoid cartilages (intercartilaginous part of rima glottidis), which is modified into toneless speech. No tone is produced.

voice. The lower range of pitch of the voice of postpubertal
males results from the greater length of the vocal folds.

The vestibular folds, extending between the thyroid and
the arytenoid cartilages (Figs. 8.34 and 8.35), play little or
no part in voice production; they are protective in function.
They consist of two thick folds of mucous membrane enclos-
ing the vestibular ligaments. The space between these liga-
ments is the rima vestibuli. The lateral recesses between
the vocal and the vestibular folds are the laryngeal ventricles.

Laryngeal Muscles. The laryngeal muscles are divided
into extrinsic and intrinsic groups.

e Extrinsic laryngeal muscles move the larynx as a whole
(Fig. 8.18; Table 8.3). The infrahyoid muscles are depres-
sors of the hyoid and larynx, whereas the suprahyoid muscles
(and the stylopharyngeus, a pharyngeal muscle discussed
later in this chapter) are elevators of the hyoid and larynx.

e Intrinsic laryngeal muscles move the laryngeal com-
ponents, altering the length and tension of the vocal folds
and the size and shape of the rima glottidis (Fig. 8.36).
All but one of the intrinsic muscles of the larynx are sup-
plied by the recurrent laryngeal nerve (Figs. 8.37, 8.39,
and 8.40), a branch of CN X. The cricothyroid is supplied
by the external laryngeal nerve, one of the two terminal
branches of the superior laryngeal nerve.

The actions of the intrinsic laryngeal muscles are easiest to
understand when they are considered as functional groups:
adductors and abductors, sphincters, and tensors and relax-
ers. The intrinsic muscles are illustrated in situ in Figures
8.35D & E and 8.38; their attachments, innervation, and
main actions are summarized in Table 8.5.

o Adductors and abductors: These muscles move the vocal
folds to open and close the rima glottidis. The principal
adductors are the lateral crico-arytenoid muscles,

which pull the muscular processes anteriorly, rotating the
arytenoid cartilages so that their vocal processes swing
medially. When this action is combined with that of the
transverse and oblique arytenoid muscles, which pull
the arytenoid cartilages together, air pushed through the
rima glottidis causes vibrations of the vocal ligaments

Internal laryngeal nerve
(branch of superior
laryngeal nerve)

Epiglottis —__
Median ——8 —

glosso-epiglottic
fold

Thyro-epiglottic ———— Thyro-epiglottic

/ Thyro-arytenoid

A— Cricothyroid

Ary-epiglottic ———

Arytenoid —_—

Crico-  [Lateral
arytenoid| posterior —

Inferi Anterior
nferior
laryngeal branch Facet
nerve Posterior —— for cricoid
branch Facet for cartilage
B thyroid
cartilage

Recurrent laryngeal —
nerve (branch of
vagus nerve)

> Tracheal cartilages

Right lateral view

FIGURE 8.37. Muscles and nerves of larynx and cricothyroid joint.
The thyroid cartilage is sawn through to the right of the median plane.
The cricothyroid joint is disarticulated, and the right lamina of the thy-
roid cartilage is turned anteriorly (like opening a book), stripping the crico-
thyroid muscles off the arch of the cricoid cartilage.



Machine Translated by Google

meE 1027

(BRI
wnE

IR ER

(AERLIFR
( MRR &8)

8.36 FAPFHRORD/N UL —2 3 A BEH DR T % AP IHOIRIG FEHDMUEBIC K o TRA DE T BB O HEIEFHISEE L PRSIV R Y FO L SBRMUBICHDET .
B.R CEEMR S & RERIRINABI DUNEIC & > TERHHHIME L FBFIRAAE BV TEMDIICE DET C FEER IRREHIREIEZ WL 3 5 LR SRR D P2 | %R
LET PG LIAAHEH ORIN SN DIA FNFHEMR SN £ CEIRZE & D3R UMEEE 2L FEPIRABCET (/NLHILNE)o

D.EITPLEE FEHIFHIFIMIBRRIRRAE I & > TR <R L £9HN3tHE LIREEIC S > T ERDRAEIE (FPIRONBREER oM @By 5L
NTE EDREREZFTORBICELLEIFIFERINE A

A REFHAUEOBMOEOERMEV DI EHEIRVCEISERL X RIS AT 105 |03k D IR S Z [0 S TR ZRRIICHR
ED %o COfERD IR B %5 | 0Tk SR C RN OIEF SR A

RN B LR BORICLD BRIEES (K 8.34 BLU 8.35)id BhTBL BMRER > TR LHSh R D B Tm DRE =5 | &
REICIXFEACEESEY RENRREIZRLEY, I,

NS FIEFEZEE 2 DOEVAEO VI THBR N TVEY .C
NSO HOBDZEMD FIER T Y Fm O FURIRE O DEDS

A EHDEBETT
IR PRI (LIRTREOR)
MzEEH MEEBRRISIMESE T IL— T EREE S L —T IR 5N £,
SPRE WD)
IR
S\ MEEEF I SMEEE A E NG #oRs
(E8.18 %8.3) EBTHIEBEELEET SHTHD BB mowms i
I
(B LU COEDERHF TERIEY 2MHEEH) T b 5ZZEMRE WRERE R
) & EBCREEE B LT ZHNTY, B
JMEEBPH | SMEEERE AR D ZEID L B DR SR FEFROAI I
PRGBS ES (H8.36) o - \//
2
MREEDRTERHD 1 D%ER TR TIECN X DR THBREREHRICEL > >
TEEINTVET (K 8.37.8.39.8.40) ERIA IR A& . L MEERMHEE R AR
D 2 DDOERHEDSED 1 DTHINEEHEHRICL>THRINTY %3
ijo MREED 77't'\~'/|~
s BRIER
%E

WRTEPHER DB S |3 PR O EER SEHO SR AR LB L\ SHae
N—TFELTER BB LY T <BDET JEHERERIZR 8.35D & B REE
EB &V 8.38 BB TRIN TUVET F- ZONBRIHELE. 5 gﬁéggm
SUTBBIIE 8.5 ICELHENTUVET,
HAIEX
[ 8.37.MzEE L#mik R BEEI DEHRI L 1R

R NG [T SOBRIE AN L CEPBY AR LS. :  TANBEIETEORAETONONEY, i
EIREREIEH OB L RRE B OERDEIAICEEE L (AZRLKESIC) FRIREIREN

PR S SMABRIR I T BRNBOSH SHHNEEET,




1028 Chapter 8 * Neck

N

V> _em TN

\ s N

\ e ~<

\ \

\ \
(AN !
(D= ™

\

’
’
7
7
1/

A -~ \ ’
\ Moo
N/ \ Ny
! -~
S

(A) Lateral view

Cricothyroid

Vocalis
/ muscles
N
\\
(RN
LAY

1

1
/I~ ’

i

-

N
SEFAT .
, -

v/

~Z

7

ENN

(B) Superior view

Thyro-arytenoid

TABLE 8.5. MUSCLES OF LARYNX

Muscle

Cricothyroid

Anterolateral part of cricoid
cartilage

i
1
\

e

’

’
C_~~y

N

o o~

1

1
)
1
1
1

Rima
glottidis

1.
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d
|
|
\
N
=
\
N
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(C) Superior view
Posterior crico-arytenoid

(D) Superior view
Lateral crico-arytenoid

FIGURE 8.38. Muscles of the larynx.

14
1 ™
7\ [N
P N
/ ! \ \
(SIS No~_?
—_— <

(E) Superior view
Transverse arytenoid

P
jal ™
Rt [
~Z 1N
/ ! SN
(SN N
—> -«

(F) Superior view
Oblique arytenoid

Innervation

Main Action(s)

Inferior margin and
inferior horn of thyroid
cartilage

External laryngeal nerve
(from CN X)

Stretches and tenses vocal
ligament

Thyro-arytenoid?

Lower half of posterior aspect
of angle of thyroid laminae and
cricothyroid ligament

Anterolateral
arytenoid surface

Posterior
crico-arytenoid

Posterior surface of lamina of
cricoid cartilage

Vocal process of

Lateral crico-

Arch of cricoid cartilage

arytenoid cartilage

Inferior laryngeal nerve
(terminal part of recurrent

laryngeal nerve, from
CN X —see Fig. 8.37)

cess of arytenoid cartilage

arytenoid

Transverse One arytenoid cartilage Contralateral

and oblique arytenoid cartilage
arytenoids’

Vocalis® Lateral surface of vocal pro-

Ipsilateral vocal
ligament

Relaxes vocal ligament

Abducts vocal folds

Adducts vocal folds (inter-
ligamentous portion)

Adduct arytenoid cartilages
(adducting intercartilaginous
portion of vocal folds, closing
posterior rima glottidis)

Relaxes posterior vocal
ligament while maintaining
(orincreasing) tension of
anterior part

aSuperior fibers of the thyro-arytenoid muscles pass into the ary-epiglottic fold, and some of them reach the epiglottic cartilage. These fibers constitute the thyro-epiglottic
muscle, which widens the laryngeal inlet.

bSome fibers of the oblique arytenoid muscles continue as ary-epiglottic muscles (Fig. 8.39).

¢This slender muscle slip lies medial to and is composed of fibers finer than those of the thyro-arytenoid muscle.
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(phonation). When the vocal ligaments are adducted, but
the transverse arytenoid muscles do not act, the arytenoid
cartilages remain apart and air may bypass the ligaments.
This is the position of whispering when the breath is mod-
ified into voice in the absence of tone. The sole abductors
are the posterior crico-arytenoid muscles, which pull
the muscular processes posteriorly, rotating the vocal pro-
cesses laterally and thus widening the rima glottidis.

e Sphincters: The combined actions of most of the muscles
of the laryngeal inlet result in a sphincteric action that
closes the laryngeal inlet as a protective mechanism during
swallowing. Contraction of the lateral crico-arytenoids,
transverse and oblique arytenoids, and ary-epiglottic
muscles brings the ary-epiglottic folds together and pulls
the arytenoid cartilages toward the epiglottis. This action
occurs reflexively in response to the presence of liquid or
particles approaching or within the laryngeal vestibule. It
is perhaps our strongest reflex, diminishing only after loss
of consciousness, as in drowning.

e Tensors: The principal tensors are the cricothyroid
muscles, which tilt or pull the prominence or angle of the

Superior thyroid

artery \
Superior deep

cervical lymph

nodes .
Superior laryngeal

artery and vein

Superior thyroid
vein

Cricothyroid artery
Inferior laryngeal

artery j
Inferior thyroid //

artery

Thyrocervical trunk ————

Middle thyroid vy
Internal jugular

\\ External branch
Thyrohyoid membrane
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thyroid cartilage anteriorly and inferiorly toward the arch
of the cricoid cartilage. This increases the distance between
the thyroid prominence and the arytenoid cartilages.
Because the anterior ends of the vocal ligaments attach to
the posterior aspect of the prominence, the vocal ligaments
elongate and tighten, raising the pitch of the voice.

* Relaxers: The principal muscles in this group are the thyro-
arytenoid muscles, which pull the arytenoid cartilages
anteriorly, toward the thyroid angle (prominence), thereby
relaxing the vocal ligaments to lower the pitch of the voice.

The vocalis muscles lie medial to the thyro-arytenoid mus-
cles and lateral to the vocal ligaments within the vocal folds.
The vocalis muscles produce minute adjustments of the vocal
ligaments, selectively tensing and relaxing the anterior and
posterior parts, respectively, of the vocal folds during ani-
mated speech and singing.

Arteries of Larynx. The laryngeal arteries, branches of
the superior and inferior thyroid arteries, supply the larynx
(Fig. 8.39). The superior laryngeal artery accompanies
the internal branch of the superior laryngeal nerve through

__—Vagus nerve (CN X)

Superior laryngeal
nerve

Internal branch Superior
laryngeal nerve

Cricothyroid muscle

- Inferior laryngeal
nerve

Pretracheal lymph
nodes

Trachea

vein (IJV)

Inferior deep
cervical lymph
nodes

Right brachiocephalic /

vein

Inferior thyroid
veins

Paratracheal lymph
nodes

Left recurrent laryngeal
nerve

Arch of aorta

Left brachiocephalic
vein

FIGURE 8.39. Vessels, nerves, and lymph nodes of larynx. The superior and inferior thyroid arteries give rise to the superior and inferior laryngeal arteries,
respectively; they anastomose with each other. The laryngeal nerves are derived from the vagus (CN X) through the internal and external branches of the supe-
rior laryngeal nerve and the inferior laryngeal nerve from the recurrent laryngeal nerve. The left recurrent laryngeal nerve passes inferior to the arch of the aorta.



Machine Translated by Google

e 1029
(RE)Ewieh NER L TUL\SH WE IR HERE LT R B EERRIBOSICEAD > TR FAIHELET,
WARWEE IR EIIBIN - £ IR D ZBSHHw%E UKD (FRIRER BRI LI ENE B OREIDEEREN LA D
FEEIY BrIEEED HDET, 9,
TG EEDBVRE TIRA I L IN B SOIIPIED Bl ORIIRH BRI OREICTE L TWBdH . FE

LR TY ME—DONEGHIFRBRIEHGH T . DBz 2% HIZ5 > HEIE AR B |SEED FOSIN N DES,
RO EEISE A mEICEEE S EFRELIT £,
SHHERE: CDY )L — T DELEIRIE RIS T BN E
H1A BRI A(FEEL) ICmh o T5 |05k D B #lm ith
SEXFMEEEA ODIZ A E DEFRDESBZRERICK DIE BSETEOEYFETFEY,
HIERERD 4 FN R TEFOIREENNE & L TEEEA OAER
.= N 1] 4eAc || fre A i s N
b e B D2l s PR OMI. S OB RIS DA
s e SOl o IELET.
T&%Eﬂ%f)‘”@ﬂﬁ%@ﬁkg |’3§E 5NEY, ;@{’Eﬁﬁ‘;\l}fi = oA | g b H e Al ST R ZXTE S EhE | — St
BRIEI A S e D IRBRIENIC S STA PR T OIHE v o ot SIS L BSE St A CAERI R0
L:}ill_ﬁ LT&ETJ.E/\JL‘:;%E L/ 333—0 :h‘j:}s% ’5 <HE§:E)3§L\ FJ'J EIB t1§ﬂB%l§*RE"JL‘-%gE (S -E-Tg Dg‘ml‘ﬁg (S ﬁfu D L/ ijo
RETTHD SR DERERRICDAF[EDET,
MEEEENAR  MEEEENAR |3 _E IR BRBIAR & T FKARBIAR DA
TMEEEICIAZEE LES (K8.39) . LHREESMARIZ MR

B TEAETRBRERG THD BRERGIZRED RIS O TED.

B X TcIFABE Z AT D5 |0k 7D T B,

1 sxsEmag (CNX)

RS 2R /A
iR EIEEE
\ //4// -
J WERT 5> F

EhrEs < 77 o
SFERIU>IN / NI S>F
J—=F - \ /|
_rgEE t 1 J BRE B
Bk AR
RS IR
il
HRFRIRBR
TR
B
R TR
i s
PRRIEH S

ST
FRERR AR AR

aE
PREEES A .
R (1JV) %%{E\Uz/\
TR
EER> N
J—R

EREMEEE
HRiEE R
Bl

KBRS
R TR
R |- =

8.39 MERODME PR, ) >/ \Hio_E FURRRENAR & T RIRERER & TN 2 h EIRIRENR & FHRERBIIREE U B LNCWIE ¥ 3 MEERFHR IR EMHE (CN X) H 5 EHEEREE DI LMK 2R TIRE
L THREEARE I R EREHED SIRE T B L REHHEISABIIRSDO T A ZEB YT 5o



1030 Chapter 8 = Neck

the thyrohyoid membrane and branches to supply the inter-
nal surface of the larynx. The cricothyroid artery, a small
branch of the superior thyroid artery, supplies the cricothy-
roid muscle. The inferior laryngeal artery, a branch of the
inferior thyroid artery, accompanies the inferior laryngeal
nerve (terminal part of the recurrent laryngeal nerve) and
supplies the mucous membrane and muscles in the inferior
part of the larynx.

Veins of Larynx. The laryngeal veins accompany the
laryngeal arteries. The superior laryngeal vein usually
joins the superior thyroid vein and through it drains into the
IJV (Fig. 8.39). The inferior laryngeal vein joins the infe-
rior thyroid vein or the venous plexus of veins on the anterior
aspect of the trachea, which empties into the left brachioce-
phalic vein.

Lymphatics of Larynx. The laryngeal lymphatic vessels
superior to the vocal folds accompany the superior laryngeal
artery through the thyrohyoid membrane and drain into the
superior deep cervical lymph nodes. The lymphatic ves-
sels inferior to the vocal folds drain into the pretracheal or
paratracheal lymph nodes, which drain into the inferior
deep cervical lymph nodes (Fig. 8.39).

Nerves of Larynx. The nerves of the larynx are the supe-
rior and inferior laryngeal branches of the vagus nerves (CN
X). The superior laryngeal nerve arises from the inferior
vagal ganglion at the superior end of the carotid triangle
(Fig. 8.40). The nerve divides into two terminal branches

Inferior vagal —— Pharyngeal branch
ganglion —
Superior Internal laryngeal nerve
laryngeal
nerve
Superior thyroid Thyrohyoid
artery

. External
Common carotid /_Iaryngeal nerve
artery
Vagus nerve (CN X) —— Cricothyroid

Inferior laryngeal nerve —/
7 Trachea
Subclavian artery ~
N\ Right recurrent

laryngeal nerve

Brachiocephalic
trunk

Right lateral view

FIGURE 8.40. Laryngeal branches of right vagus nerve (CN X). The
nerves of the larynx are the internal and external branches of the superior
laryngeal nerve and the inferior laryngeal nerve from the recurrent laryngeal
nerve. The right recurrent laryngeal nerve passes inferior to the right subcla-
vian artery.

within the carotid sheath: the internal laryngeal nerve (sen-
sory and autonomic) and the external laryngeal nerve (motor).

The internal laryngeal nerve, the larger of the terminal
branches of the superior laryngeal nerve, pierces the thyro-
hyoid membrane with the superior laryngeal artery, supply-
ing sensory fibers to the laryngeal mucous membrane of the
laryngeal vestibule and middle laryngeal cavity, including the
superior surface of the vocal folds. The external laryngeal
nerve, the smaller terminal branch of the superior laryn-
geal nerve, descends posterior to the sternothyroid muscle in
company with the superior thyroid artery. At first, the exter-
nal laryngeal nerve lies on the inferior pharyngeal constric-
tor; it then pierces the muscle, contributing to its innervation
(with the pharyngeal plexus), and continues to supply the cri-
cothyroid muscle.

The inferior laryngeal nerve, the continuation of the
recurrent laryngeal nerve (a branch of the vagus nerve), enters
the larynx by passing deep to the inferior border of the inferior
pharyngeal constrictor and medial to the lamina of the thyroid
cartilage (Figs. 8.37, 8.39, and 8.40). It divides into anterior
and posterior branches, which accompany the inferior laryn-
geal artery into the larynx. The anterior branch supplies the
lateral crico-arytenoid, thyro-arytenoid, vocalis, ary-epiglottic,
and thyro-epiglottic muscles. The posterior branch supplies
the posterior crico-arytenoid and transverse and oblique ary-
tenoid muscles. Because it supplies all the intrinsic muscles
except the cricothyroid, the inferior laryngeal nerve is the
primary motor nerve of the larynx. However, it also provides
sensory fibers to the mucosa of the infraglottic cavity.

TRACHEA

The trachea, extending from the larynx into the thorax,
terminates inferiorly as it divides into right and left main
bronchi. It transports air to and from the lungs, and its epi-
thelium propels debris-laden mucus toward the pharynx for
expulsion from the mouth. The trachea is a fibrocartilaginous
tube, supported by incomplete cartilaginous tracheal car-
tilages (rings), that occupies a median position in the neck
(Fig. 8.37). The tracheal cartilages keep the trachea patent;
they are deficient posteriorly where the trachea is adjacent
to the esophagus. The posterior gaps in the tracheal rings
are spanned by the involuntary trachealis muscle, smooth
muscle connecting the ends of the rings (Fig. 8.41). Hence
the posterior wall of the trachea is flat.

In adults, the trachea is approximately 2.5 cm in diameter,
whereas in infants it has the diameter of a pencil. The trachea
extends from the inferior end of the larynx at the level of the
C6 vertebra. It ends at the level of the sternal angle or the
T4-T5 1V disc, where it divides into the right and left main
bronchi (see Chapter 1, p. 114).

Lateral to the trachea are the common carotid arteries
and the lobes of the thyroid gland (Fig. 8.39). Inferior to the
isthmus of the thyroid gland are the jugular venous arch and
the inferior thyroid veins (Fig. 8.16). The brachiocephalic
trunk is related to the right side of the trachea in the root of
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Pharyngeal tonsil (vertebra C2)
Nasopharynx —/—
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Hard palate (posterior arch)
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. Epiglottis
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Mandible _ Retropharyngeal space
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Vocal fold / Lamina of cricoid cartilage

Larynx -
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Left brachiocephalic vein
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(A) Medial view of right half of bisected head and neck (median section)

Pleural cavity Pericardial cavity Right bronchus

Plane of coronal
MRI study in Fig 8.35B

Tongue

Oropharynx

Genioglossus -

Epiglottic vallecula

Geniohyoid

Hyoid bone Epiglottis
Thyroid cartilage

Vestibular fold

Ventricle

Vocal fold Cricoid cartilage

Trachea

Esophagus

Tracheal ring

(B) Parasagittal MRI study of pharynx, larynx and trachea

FIGURE 8.41. Median sections of head and neck. A. The pharynx extends from the cranial base to the level of the cricoid cartilage (body of C6 vertebra
or the C6-C7 IV disc, as shown here), where it is continuous with the esophagus. B. This sagittal section does not demonstrate the continuities of the upper
respiratory tract because the soft palate is elevated, closing off the nasopharynx, and the plane of section passes through the vestibular and vocal folds to the
side of the rima glottidis. (Part B Courtesy of Dr. W. Kucharczyk, University Health Network, Toronto, Ontario, Canada.)
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1032 Chapter 8 * Neck

the neck. Deviation of the trachea from the midline, appar-
ent superficially or radiographically, often signals the pres-
ence of a pathological process. Tracheal trauma often affects
the closely adherent esophagus.

Alimentary Layer of Cervical Viscera

In the alimentary layer, cervical viscera take part in the
digestive functions of the body. Although the pharynx con-
ducts air to the larynx, trachea, and lungs, the pharyngeal
constrictors direct (and the epiglottis deflects) food to the
esophagus. The esophagus, also involved in food propulsion,
is the beginning of the alimentary canal (digestive tract).

PHARYNX

The pharynx is the superior expanded part of the alimen-
tary system posterior to the nasal and oral cavities, extending
inferiorly past the larynx (Figs. 8.41 and 8.42). The pharynx
extends from the cranial base to the inferior border of the

Choana (posterior
nasal aperture)

Posterior lip of mouth

cricoid cartilage anteriorly and the inferior border of the C6
vertebra posteriorly. The pharynx is widest (approximately
5 c¢m) opposite the hyoid and narrowest (approximately
1.5 c¢m) at its inferior end, where it is continuous with the
esophagus. The flat posterior wall of the pharynx lies against
the prevertebral layer of deep cervical fascia.

Interior of Pharynx. The pharynx is divided into three
parts:

* Nasopharynx: posterior to the nose and superior to the
soft palate.

* Oropharynx: posterior to the mouth.

* Laryngopharynx: posterior to the larynx.

The nasopharynx has a respiratory function; it is the poste-
rior extension of the nasal cavities (Figs. 8.41-8.43). The nose
opens into the nasopharynx through two choanae (paired
openings between the nasal cavity and the nasopharynx). The
roof and posterior wall of the nasopharynx form a continuous
surface that lies inferior to the body of the sphenoid bone and
the basilar part of the occipital bone (Fig. 8.42).

Body of sphenoid and basilar
part of occipital bone

Cranial base

of pharyngotympanic
tube

Nasal septum

Nasopharynx

Pharyngeal recesses

Salpingopharyngeal fold

Soft palate

Terminal sulcus of tongue

Superior pharyngeal constrictor (cut)

Foramen cecum

. ) Oropharynx
Posterior one third of tongue

Middle pharyngeal constrictor (cut)

Pharyngo-epiglottic fold

Epiglottis

Ary-epiglottic fold {

Laryngeal inlet (aditus)

Piriform fossa (recess)/

Thyroid gland

Posterior view

. Mucous membrane

Interarytenoid notch

Inferior pharyngeal &Laryngopharynx
/ constrictor (cut)

covering cricoid cartilage

Pharyngo-esophageal junction
(narrowest part of esophagus)

Esophagus

FIGURE 8.42. Anterior wall of pharynx. In this dissection, the posterior wall has been incised along the midline and spread apart. Openings in the ante-
rior wall communicate with the nasal, oral, and laryngeal cavities. On each side of the laryngeal inlet, separated from it by the ary-epiglottic fold, a piriform
fossa (recess) is formed by the invagination of the larynx into the anterior wall of the laryngopharynx.
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1033

FIGURE 8.43. Internal aspect of lateral wall of pharynx. A. The upper respiratory passages and alimentary canal in the right half of a bisected head and
neck are shown. The rectangle indicates the location of the section shown in part B. B. A closer view of the nasopharynx and oropharynx, which are separated

anteriorly by the soft palate, is provided. The posterior border of the soft palate forms the anterior margin of the pharyngeal isthmus through which the two

spaces communicate posteriorly.
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The abundant lymphoid tissue in the pharynx forms an
incomplete tonsillar ring around the superior part of the phar-
ynx (discussed later in this chapter, p. 1038). The lymphoid
tissue is aggregated in certain regions to form masses called
tonsils. The pharyngeal tonsil (commonly called the adenoid
when enlarged) is in the mucous membrane of the roof and pos-
terior wall of the nasopharynx (Figs. 8.41A and 8.43). Extend-
ing inferiorly from the medial end of the pharyngotympanic
tube is a vertical fold of mucous membrane, the salpingopha-
ryngeal fold (Figs. 8.42 and 8.43B). It covers the salpingo-
pharyngeus muscle, which opens the pharyngeal orifice of the
pharyngotympanic tube during swallowing. The collection of
lymphoid tissue in the submucosa of the pharynx near the
nasopharyngeal opening, or orifice of the pharyngotympanic
tube, is the tubal tonsils (Fig. 8.43B). Posterior to the torus
of the pharyngotympanic tube and the salpingopharyngeal
fold is a slit-like lateral projection of the pharynx, the pharyn-
geal recess, which extends laterally and posteriorly.

The oropharynx has a digestive function. It is bounded
by the soft palate superiorly, the base of the tongue inferiorly,
and the palatoglossal and palatopharyngeal arches laterally

(Figs. 8.43 and 8.44A). It extends from the soft palate to the
superior border of the epiglottis.

Deglutition (swallowing) is the complex process that
transfers a food bolus from the mouth through the pharynx
and esophagus into the stomach. Solid food is masticated
(chewed) and mixed with saliva to form a soft bolus (mass)
that is easier to swallow. Deglutition occurs in three stages:

e Stage 1: voluntary; the bolus is compressed against the
palate and pushed from the mouth into the oropharynx,
mainly by movements of the muscles of the tongue and
soft palate (Fig. 8.45A & B).

* Stage 2: involuntary and rapid; the soft palate is elevated,
sealing off the nasopharynx from the oropharynx and
laryngopharynx (Fig. 8.45C). The pharynx widens and
shortens to receive the bolus of food as the suprahyoid
muscles and longitudinal pharyngeal muscles contract,
elevating the larynx.

* Stage 3: involuntary; sequential contraction of all three
pharyngeal constrictor muscles creates a peristaltic ridge
that forces the food bolus inferiorly into the esophagus
(Fig. $.45B-D).

Tonsillar bed

Palatopharyngeal
Soft arch
palate
Palatoglossal
Uvula arch (dotted lines)
* Pharyngeal recess
Palatine e
Posterior tons:lsd
wall of (circled) Superior
oropharynx Dorsum of tongue pharyngeal
*Fold overlying pterygomandibular raphe constrictor
(A) Anterior view through / Palatopharyngeus
widely opened mouth Palatoglossus
— Prevertebral
Tonsillar branch fasgia
of facial artery
—  Retropharyngeal
Styloglossus \

P

gland
Glossopharyngeal

Middle pharyngeal
constrictor

(B) Lateral view

xspace
External palatine
\ vein
Submandibular// Buccopharyngeal
nerve (CN IV
Hyoglossus

Stylohyoid ligament

fascia

Stylopharyngeus

FIGURE 8.44. Oral cavity and tonsillar bed. A. The oral cavity and palatine tonsils in a young child, with the mouth wide open and the tongue protrud-

ing as far as possible. The uvula is a muscular projection from the posterior edge of the soft palate. B. In this deep dissection of the tonsillar bed, the palatine

tonsil has been removed. The tongue is pulled anteriorly, and the inferior (lingual) attachment of the superior pharyngeal constrictor muscle is cut away.
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Soft
palate

Pharyngeal ) Ridge
ridge / Tongue S/
Thoracic inlet Epiglottis b/

of esophagus
pnag Trachea \

Esophagus ——
() (B) ©) \\\\\ Polus

Deglutition (swallowing)

(D)

FIGURE 8.45. Deglutition. A. The bolus of food is squeezed to the back of the mouth by pushing the tongue against the palate. B. The nasopharynx is
sealed off and the larynx is elevated, enlarging the pharynx to receive food. C. The pharyngeal sphincters contract sequentially, creating a “peristaltic ridge,”
squeezing food into the esophagus. The epiglottis deflects the bolus from but does not close the inlet to the larynx and trachea. D. The bolus of food moves

down the esophagus by peristaltic contractions.

The palatine tonsils are collections of lymphoid tissue on
each side of the oropharynx in the interval between the pala-
tine arches (Figs. 8.43 and 8.44A). The tonsil does not fill
the tonsillar sinus (fossa) between the palatoglossal and
palatopharyngeal arches in adults. The submucosal tonsil-
lar bed, in which the palatine tonsil lies, is between these
arches (Fig. 8.44B). The tonsillar bed is formed by the

superior pharyngeal constrictor and the thin, fibrous sheet
of pharyngobasilar fascia (Fig. 8.46A & B). This fascia
blends with the periosteum of the cranial base and defines
the limits of the pharyngeal wall in its superior part.

The laryngopharynx lies posterior to the larynx (Figs.
8.41A and 8.43), extending from the superior border of the
epiglottis and the pharyngo-epiglottic folds to the inferior

Superior
pharyngeal

constrictor

CN IX\

CN XI

CNXl——

Spinal accessory nerve (CN XI)
Sternocleidomastoid\\ /
Sensory ganglion of vagus nerve
(CN X)
Parotid gland —//
External carotid artery /
Hypoglossal nerve (CN XII)
Superior cervical
sympathetic ganglion

Superior laryngeal nerve

Common carotid artery/

Sympathetic trunk and plexus 4

Vagus nerve (CN X) —

Middle cervical
sympathetic ganglion

Inferior cervical
sympathetic ganglion

Left recurrent
laryngeal nerve

(A) Posterior view

Pharyngobasilar fascia

// Glossopharyngeal nerve
(CN IX)

Internal jugular vein

Internal carotid artery

Styloid process
Stylohyoid
I Digastric, posterior belly

\
Stylopharyngeus

" Medial pterygoid

Pharyngeal plexus of nerves
s Middle pharyngeal constrictor
Greater horn of hyoid bone

T Pharyngeal raphe

———— Inferior pharyngeal constrictor
——— Thyroid gland
—— Inferior thyroid artery
Cricopharyngeal part of inferior constrictor
— Right recurrent laryngeal nerve

Esophagus

FIGURE 8.46. Pharynx and cranial nerves. A. This dissection shows the posterior aspect of the pharynx and associated structures. The buccopharyngeal
fascia has been removed. Of the three pharyngeal constrictor muscles, the inferior muscle overlaps the middle one and the middle one overlaps the superior
one. All three muscles form a common median pharyngeal raphe posteriorly.
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Pharyngobasilar fascia
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Pharyngo-esophageal
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Parathyroid {Superior EE—

Cranial nerves

X X IX XI

_——Jugular bulb
Styloid process
Facial nerve

o Parotid gland

Digastric (cut)
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Pharyngeal Branches
Superior laryngeal | °f CN X

Hypoglossal nerve (CN XII)
Spinal accessory nerve (CN XI)
Sternocleidomastoid
Internal jugular vein
Vagus nerve (CN X)

Common carotid artery
Sympathetic trunk

Sheath of thyroid gland

——— Parathyroid gland

Inferior thyroid artery

Right recurrent laryngeal nerve

Esophagus
(B) Posterior view

Paratracheal lymph nodes

FIGURE 8.46. (Continyed ) Pharynx and cranial nerves. B. The narrowest and least distensible part of the alimentary tract is the pharyngo-esophageal

junction, where the laryngopharynx becomes the esophagus.

border of the cricoid cartilage, where it narrows and becomes
continuous with the esophagus. Posteriorly, the laryngophar-
ynx is related to the bodies of the C4-C6 vertebrae. Its pos-
terior and lateral walls are formed by the middle and inferior
pharyngeal constrictor muscles (Fig. 8.46A). Internally, the
wall is formed by the palatopharyngeus and stylopharyngeus
muscles. The laryngopharynx communicates with the larynx
through the laryngeal inlet on its anterior wall (Fig. 8.42).
The piriform fossa (recess) is a small depression of the
laryngopharyngeal cavity on either side of the laryngeal inlet.
This mucosa-lined fossa is separated from the laryngeal inlet
by the ary-epiglottic fold. Laterally, the piriform fossa is
bounded by the medial surfaces of the thyroid cartilage and
the thyrohyoid membrane (Fig. 8.39). Branches of the inter-
nal laryngeal and recurrent laryngeal nerves lie deep to the
mucous membrane of the piriform fossa and are vulnerable
to injury when a foreign body lodges in the fossa.
Pharyngeal Muscles. The wall of the pharynx is excep-
tional for the alimentary tract, having a muscular layer composed
entirely of voluntary muscle, arranged with longitudinal muscles

internal to a circular layer of muscles. Most of the alimentary
tract is composed of smooth muscle, with a layer of longjtudinal
muscle external to a circular layer. The external circular layer of
pharyngeal muscles consists of three pharyngeal constrictors:
superior, middle, and inferior (Figs. 8.44 and 8.46A & B).
The internal longitudinal muscles consists of the palatopha-
ryngeus, stylopharyngeus, and salpingopharyngeus. These
muscles elevate the larynx and shorten the pharynx during swal-
lowing and speaking. The pharyngeal muscles are illustrated in
Figure 8.47, and their attachments, nerve supply, and actions of
the pharyngeal muscles are described in Table 8.6.

The pharyngeal constrictors have a strong internal fascial
lining, the pharyngobasilar fascia (Fig. 8.46B), and a thin
external fascial lining, the buccopharyngeal fascia (Fig. 8. 41A).
Inferiorly, the buccopharyngeal fascia blends with the pre-
tracheal layer of the deep cervical fascia. The pharyngeal
constrictors contract involuntarily so that contraction takes
place sequentially from the superior to the inferior end of
the pharynx, propelling food into the esophagus. All three
pharyngeal constrictors are supplied by the pharyngeal
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(A) Right lateral view

1 Thyrohyoid membrane
2 Cricothyroid membrane

Esophagus

TABLE 8.6. MUSCLES OF PHARYNX

(B) Posterior view

FIGURE 8.47. Muscles of pharynx.

Muscle

Origin

Insertion

Innervation

Main Action(s)

External layer

Superior
pharyngeal
constrictor

Pterygoid hamulus,
pterygomandibular raphe,
posterior end of mylohyoid
line of mandible, and side
of tongue

Pharyngeal tubercle on
basilar part of occipital
bone

Pharyngeal branch of
vagus (CN X) and
pharyngeal plexus

Middle
pharyngeal
constrictor

Stylohyoid ligament and
greater and lesser horns
of hyoid

Pharyngeal raphe

Inferior
pharyngeal
constrictor

Oblique line of thyroid
cartilage and side of cricoid
cartilage

Cricopharyngeal part encir-
cles pharyngo-esophageal
junction without forming a
raphe

Pharyngeal branch of
vagus (CN X) and pharyn-
geal plexus, plus branches
of external and recurrent
laryngeal nerves of vagus

Constrict walls of pharynx
during swallowing

Internal layer

Palatopharyngeus

Hard palate and palatine
aponeurosis

Posterior border of lamina
of thyroid cartilage and
side of pharynx and
esophagus

Salpingo-
pharyngeus

Cartilaginous part of
pharyngotympanic tube

Blends with palatopha-
ryngeus

Pharyngeal branch of
vagus (CN X) and
pharyngeal plexus

Stylopharyngeus

Styloid process of
temporal bone

Posterior and superior
borders of thyroid cartilage
with palatopharyngeus

Glossopharyngeal nerve
(CN IX)

Elevate (shorten and
widen) pharynx and larynx
during swallowing and
speaking
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plexus of nerves that is formed by pharyngeal branches of
the vagus and glossopharyngeal nerves and by sympathetic
branches from the superior cervical ganglion (Fig. 8.46A;
Table 8.6). The pharyngeal plexus lies on the lateral wall of
the pharynx, mainly on the middle pharyngeal constrictor.
The overlapping of the pharyngeal constrictor muscles
leaves four gaps in the musculature for structures to enter or

leave the pharynx (Fig. 8.47):

1. Superior to the superior pharyngeal constrictor, the leva-
tor veli palatini, pharyngotympanic tube, and ascending
palatine artery pass through a gap between the superior
pharyngeal constrictor and the cranium. It is here that the
pharyngobasilar fascia blends with the buccopharyngeal
fascia to form, with the mucous membrane, the thin wall
of the pharyngeal recess (Fig. 8.42).

2. A gap between the superior and middle pharyngeal con-
strictors forms a passageway that allows the stylopharyn-
geus, glossopharyngeal nerve, and stylohyoid ligament to
pass to the internal aspect of the pharyngeal wall (Fig 8.47).

3. A gap between the middle and inferior pharyngeal con-
strictors allows the internal laryngeal nerve and superior
laryngeal artery and vein to pass to the larynx.

4. A gap inferior to the inferior pharyngeal constrictor allows
the recurrent laryngeal nerve and inferior laryngeal artery
to pass superiorly into the larynx.

Vessels of Pharynx. A branch of the facial artery, the
tonsillar artery (Fig. 8.44B) passes through the superior pha-
ryngeal constrictor muscle and enters the inferior pole of the
palatine tonsil. The tonsil also receives arterial twigs from the
ascending palatine, lingual, descending palatine, and ascending
pharyngeal arteries. The large external palatine vein (para-
tonsillar vein) descends from the soft palate and passes close to
the lateral surface of the tonsil before it enters the pharyngeal
venous plexus.

The tonsillar lymphatic vessels pass laterally and
inferiorly to the lymph nodes near the angle of the man-
dible and the jugulodigastric node, referred to as the
tonsillar node because of its frequent enlargement when
the tonsil is inflamed (tonsillitis) (Fig. 8.48). The palatine,
lingual, and pharyngeal tonsils form the pharyngeal lym-
phatic (tonsillar) ring, an incomplete circular band of
lymphoid tissue around the superior part of the pharynx
(Fig. 8.49). The antero-inferior part of the ring is formed
by the lingual tonsil in the posterior part of the tongue.
Lateral parts of the ring are formed by the palatine and
tubal tonsils, and posterior and superior parts are formed
by the pharyngeal tonsil.

Pharyngeal Nerves. The nerve supply to the pharynx
(motor and most of sensory) derives from the pharyngeal
plexus of nerves (Fig. 8.46A). Motor fibers in the plexus are
derived from the vagus nerve (CN X) via its pharyngeal branch
or branches. They supply all muscles of the pharynx and soft
palate, except the stylopharyngeus (supplied by CN IX) and the
tensor veli palatini (supplied by CN V;). The inferior pharyngeal
constrictor also receives some motor fibers from the external
and recurrent laryngeal branches of the vagus. Sensory fibers in

the plexus are derived from the glossopharyngeal nerve. They
are distributed to all three parts of the pharynx. In addition,
the mucous membrane of the anterior and superior nasophar-
ynx receives innervation from the maxillary nerve (CN V,). The
tonsillar nerves are derived from the tonsillar plexus of nerves

formed by branches of the glossopharyngeal and vagus nerves.

ESOPHAGUS

The esophagus is a muscular tube that connects the pharynx to
the stomach. It begins in the neck where it is continuous with the
laryngopharynx at the pharyngo-esophageal junction (Figs.
8.42 and 8.46B). The esophagus consists of striated (voluntary)
muscle inits upper third, smooth (involuntary) muscle in its lower
third, and a mixture of striated and smooth muscle in between.

Its first part, the cervical esophagus, is part of the vol-
untary upper third. It begins immediately posterior to, and at
the level of, the inferior border of the cricoid cartilage in the
median plane. This is the level of the C6 vertebra.

Externally, the pharyngo-esophageal junction appears as
a constriction produced by the cricopharyngeal part of
the inferior pharyngeal constrictor muscle (the superior
esophageal sphincter) and is the narrowest part of the esopha-
gus. The cervical esophagus inclines slightly to the left as it
descends and enters the superior mediastinum via the superior
thoracic aperture, where it becomes the thoracic esophagus.

When the esophagus is empty, it is a slit-like lumen. When
afood bolus descends in it, the lumen expands, eliciting reflex
peristalsis in the inferior two thirds of the esophagus. The
cervical esophagus lies between the trachea and the cervi-
cal vertebral column (Figs. 8.41 and 8.43A). It is attached to
the trachea by loose connective tissue. The recurrent laryn-
geal nerves lie in or near the tracheo-esophageal grooves
between the trachea and esophagus (Fig. 8.46). On the right
of the esophagus is the right lobe of the thyroid gland and the
right carotid sheath and its contents.

The esophagus is in contact with the cervical pleura at the
root of the neck. On the left is the left lobe of the thyroid
gland and the left carotid sheath. The thoracic duct adheres
to the left side of the esophagus and lies between the pleura
and the esophagus. For details concerning the thoracic and
abdominal regions of the esophagus, see Chapters 1 and 2.

Vessels of Cervical Esophagus. The arteries to the
cervical esophagus are branches of the inferior thyroid arter-
ies. Each artery gives off ascending and descending branches
that anastomose with each other and across the midline.
Veins from the cervical esophagus are tributaries of the infe-
rior thyroid veins. Lymphatic vessels of the cervical part of
the esophagus drain into the paratracheal lymph nodes and
inferior deep cervical lymph nodes (Fig. 8.48).

Nerves of Cervical Esophagus. The nerve supply to the
esophagus is somatic motor and sensory to the upper half and
parasympathetic (vagal), sympathetic, and visceral sensory to
the lower half. The cervical esophagus receives somatic fibers
via branches from the recurrent laryngeal nerves and vasomo-
tor fibers from the cervical sympathetic trunks through the
plexus around the inferior thyroid artery (Fig. 8.46).
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FIGURE 8.48. Lymphatic drainage of head and neck. A and B. The pathways of the superficial and deep lymphatic drainages are shown, respectively.

C. The lymph nodes, lymphatic trunks, and thoracic duct are shown.

Surface Anatomy of Endocrine and
Respiratory Layers of Cervical Viscera

The neck of an infant is short; therefore, the cervical viscera
are located more superiorly in infants than in adults. The cer-
vical viscera do not reach their final levels until after the 7th
year. The elongation of the neck is accompanied by growth
changes in the skin. Consequently, a midline incision in the
inferior neck of an infant results in a scar that will lie over the
superior part of the sternum as a child.

The U-shaped hyoid bone lies in the anterior part of
the neck in the deep angle between the mandible and
the thyroid cartilage at the level of the C3 vertebra (Fig.
8.50). Swallow, and the hyoid will move under your
fingers when they are placed at the angle between the
chin and anterior neck. The greater horn of one side of
the hyoid is palpable only when the greater horn on the
opposite side is steadied.

The laryngeal prominence is produced by the meeting
of the laminae of the thyroid cartilage at an acute angle in
the anterior midline. This thyroid angle, most acute in post-
pubertal males, forms the laryngeal prominence (“Adam’s
apple”), which is palpable and frequently visible. During
palpation of the prominence, it can be felt to recede on swal-
lowing. The vocal folds are at the level of the middle of the
laryngeal prominence.

The cricoid cartilage can be felt inferior to the laryngeal
prominence at the level of the C6 vertebra. Extend your
neck as far as possible and run your finger over the laryngeal
prominence. As your finger passes inferiorly from the prom-
inence, feel the cricothyroid ligament, the site for a needle
cricothyrotomy or coniotomy (see the blue box “Aspiration
of Foreign Bodies and Heimlich Maneuver” on p. 1044).
After your finger passes over the arch of the cricoid carti-
lage, note that your fingertip sinks in because the arch of
the cartilage projects farther anteriorly than the rings of the



Machine Translated by Google

e 1039

ERIRAR
ANSEEAR
PAYCEE
(@)
FEBUVINRLF—JERBUVINRLF—2 (AL (B)
= %E m TEET
s o2/ 5 s R 314 %ﬁ?}i’\ﬁ
mmm TR = R Koo
= & B REEER
= SE R O BEEEE By
B g fegy b EEER N
mm EERE o COERR e
ESTi
p=lics

(V) AR
B TREEER
W EEEEIER
m SEE
= &

)

8ABFEFEERD UV /INRLFT—T A ¥ B ZNZBNERER UV NN RLF—D 8RBV N RLF—D DR 2R L E T
CUVNE )Y Ne EANRTINET,

R WETER I PR B IR B E S TR B L T L ET o
TE RS (IR B DERRERILEERLEORE CRLSAL A0 MAFECEICRZ S
N =

MRERMEHC ( TMR(L) ) 2R L &9 JEREZMAT 5 RAAT L EIE
AIRDEIEFE N0 FLIROIEERERR IIBA L DB L ICH D F Y SRR ENBIRT2DER DN TIET FomdMEEREDPROZ IICH
B|ETREBT BETHRIELANILSELEFEABNMBRU B FEEDH OES
ROV ETEORBRILROEOTAHZERRT B FHOM

BOLRICEHHTZOET

EREHEIE. COMBDLAN)L THREREO TMITHAMTIET H%
TESEHERIE L MEERRICIEZ Y TETIEN BRI S TAHZER T S
U FRIOESIE EOFE. TE ERREBORDEA C3 HBEOSIIC  CEIIRRPREEEZAE L £9 . Shid S S ZIRERRIEYIR £/
HOFET (K1) [ZAYIRZIT SEMI T (1044 R—ZSDE VR VIR TEYDERNRE
N L)y DEIZBE).

(8.50)AXAHAL & F5% 5B LATSEERDREINAEICE X FHEIIEDTIC
BEL 9 .HB80ORBIOABIE HRAOABIEE L TVIIEEICDH
MEITEEXT, ENRRIBEO T —FZi@E8 LI B0 7 —FH kg0t & Db
BIAICREFETVB0) JBFHEHMAD CUISEFRE LTI SIL,



1040 Chapter 8 * Neck

Pharyngeal
tonsil \
—————— Lymphatic

Tubal tonsil tissue in region
e —

of pharyngeal
Opening of —— recess
pharyngo- Choanae
tympanic
tube Lymphatic
tissue along
salpingo-

Palatine tonsil pharyngeal folds

e Root of tongue
(seen through
isthmus of
fauces)

Lingual tonsil

Laryngeal inlet

Posterior view

FIGURE 8.49. Lymphoid tissue in tongue and pharynx. The pharyngeal
lymphatic (tonsillar) ring (pink) around the superior pharynx is formed
of the pharyngeal, tubal, palatine, and lingual tonsils.

trachea. The cricoid cartilage, a key landmark in the neck,
indicates the:

¢ Level of the C6 vertebra.

e Site where the carotid artery can be compressed against
the transverse process of the C6 vertebra.

e Junction of the larynx and trachea.

* Joining of the pharynx and esophagus.

e Point where the recurrent laryngeal nerve enters the larynx.

e Site that is approximately 3 cm superior to the isthmus of

the thyroid gland.

The first tracheal cartilage is broader than the others and
is palpable (Fig. 8.32A). The second through fourth carti-
lages cannot be felt because the thyroid isthmus connecting
the right and left lobes of the thyroid covers them.

VISCERA OF NECK

Thyroid Ima Artery

& » In approximately 10% of people, a small, unpaired
‘T‘ i thyroid ima artery (L. arteria thyroidea ima) arises
%" from the brachiocephalic trunk (Fig. B8.5); however,

Cricoid cartilage

Hyoid bone

Inferior pole of

thyroid gland

LL Left lobe of

thyroid gland

Laryngeal

prominence

RL Right lobe of
thyroid gland

S Isthmus

SP Superior pole of
thyroid gland

T Thyroid cartilage

* Tracheal rings

5ITO

H P

*

FIGURE 8.50. Surface anatomy of endocrine and respiratory layers of
neck.

The thyroid gland may be palpated by anterior or posterior
approaches (i.e., standing in front of or behind the person).
Place your fingertips anterior (for the isthmus) or immedi-
ately lateral (for the lobes) to the trachea and then direct the
person to swallow (see Bickley, 2009, for details). Although
both approaches to examining the thyroid are performed,
the posterior approach usually allows better palpation, but
the anterior approach allows observation. A perfectly nor-
mal thyroid gland may not be visible or distinctly palpable
in some females, except during menstruation or pregnancy.
The normal gland has the consistency of muscle tissue.

The isthinus of the thyroid gland lies immediately inferior
to the cricoid cartilage; it extends approximately 1.25 cm on
either side of the midline. It can usually be felt by placing the
fingertips of one hand on the midline below the cricoid arch
and then asking the person to swallow. The isthmus will be
felt moving up and then down. The apex of each lobe of the
thyroid gland extends superiorly to the middle of the lamina
of the thyroid cartilage (Fig. 8.50).

The surface anatomy of the posterior aspect of the neck is
described in Chapter 4 (p. 492). Key points are the following:

 The spinous processes of the C6 and C7 vertebrae are pal-
pable and visible, especially when the neck is flexed.

e The transverse processes of the C1, C6, and C7 vertebrae
are palpable.

o The tubercles of the C1 vertebra can be palpated by deep
pressure posteroinferior to the tips of the mastoid processes.

it may arise from the arch of the aorta or from the right com-
mon carotid, subclavian, or internal thoracic arteries. This
small ima artery ascends on the anterior surface of the trachea
to the isthmus of the thyroid gland, supplying branches to
both structures. The possible presence of this artery must be
considered when performing procedures in the midline of the
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neck inferior to the isthmus, because itis a potential source of
bleeding (see the blue box “Tracheostomy,” p. 1045).

Thyroglossal Duct Cysts
& » Development of the thyroid gland begins in the

i " floor of the embryonic pharynx at the site indicated
L by a small pit, the foramen cecum, in the dorsum of
the postnatal tongue (Chapter 7, p. 940). Subsequently, the
developing gland relocates from the tongue into the neck,
passing anterior to the hyoid and thyroid cartilages to reach
its final position anterolateral to the superior part of the tra-
chea (Moore et al., 2012). During this relocation, the thyroid
gland is attached to the foramen cecum by the thyroglossal
duct. This duct normally disappears but remnants of epithe-
lium may remain and form a thyroglossal duct cyst at any
point along the path of its descent (Fig. BS.6A). The cyst is
usually in the neck, close or just inferior to the hyoid, and
forms a swelling in the anterior part of the neck. Surgical
excision of the cyst may be necessary. Most thyroglossal duct
cysts are in the neck, close or just inferior to the body of the
hyoid (Fig. BS.6B).

Aberrant Thyroid Gland
& » Aberrant thyroid glandular tissue may be found any-

i " where along the path of the embryonic thyroglossal

duct. Although uncommon, the thyroglossal duct car-
rying thyroid-forming tissue at its distal end may fail to relocate
to its definitive position in the neck. Aberrant thyroid tissue
may be in the root of the tongue, just posterior to the foramen

cecum, resulting in a lingual thyroid gland, or in the neck, at
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FIGURE B8.6. A. Thyroglossal duct vestiges. B. Child with thyroglossal
duct cyst.

or justinferior to the hyoid (Fig. BS.7A). Cystic remnants of the
thyroglossal duct may be differentiated from an undescended
thyroid by radioisotope scanning (Fig. BS.7B). As a rule, an
ectopic thyroid gland in the median plane of the neckis the only
thyroid tissue present. Occasionally, thyroid glandular tissue is
associated with a thyroglossal duct cyst. Therefore, it is impor-
tant to differentiate between an ectopic thyroid gland and a
thyroglossal duct cyst when excising a cyst. Failure to do so may
result in a total thyroidectomy, leaving the person permanently
dependent on thyroid medication (Leung et al., 1995).

Accessory Thyroid Glandular Tissue
& » Portions of the thyroglossal duct may persist to form

-

i v thyroid tissue. Accessory thyroid glandular tissue

may appear anywhere along the embryonic course
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(A)

ATG

(B)

FIGURE B8.1. Aberrant thyroid glandular tissue. A. Aberrant tissue
inferior to hyoid bone. B. Radioisotope scan demonstrating presence of
aberrant thyroid glandular tissue (ATG). Glandular tissue in the typical
position is present in irregularly shaped masses making up small tapering
lobes and a large isthmus.

of the thyroglossal duct (e.g., in the thymus inferior to the
thyroid gland or in the thorax). An accessory thyroid gland
may develop in the neck lateral to the thyroid cartilage; it
usually lies on the thyrohyoid muscle (Fig. 8.28). Although
the accessory gland may be functional, it is often of insuffi-
cient size to maintain normal function if the thyroid gland is
removed.

Pyramidal Lobe of Thyroid Gland

Approximately 50% of thyroid glands have a pyra-
ﬁ j midal lobe. This lobe, which varies in size, extends
superiorly from the isthmus of the thyroid gland,

—— Pyramidal lobe

Absence of isthmus

Hyoid

Accessory
thyroid tissue

Connective tissue
band

Pyramidal lobe
(remnant of
thyroglossal duct)

\ Incomplete isthmus

FIGURE B8.8.

usually to the left of the median plane; the isthmus may be
incomplete or absent (Fig. BS.8). A band of connective tis-
sue, often containing accessory thyroid tissue, may continue
from the apex of the pyramidal lobe to the hyoid. This narrow
lobe and connective tissue band develop from remnants of
the epithelium and connective tissue of the thyroglossal duct.

Enlargement of Thyroid Gland

A non-neoplastic, noninflammatory enlargement of
i i the thyroid gland, other than the variable enlarge-
- ment that may occur during menstruation and preg-
nancy, is called a goiter, which results from a lack of iodine. It
is common in parts of the world where the soil and water are
deficient in iodine. The enlarged gland causes a swelling in the
neck that may compress the trachea, esophagus, and recur-
rent laryngeal nerves (Fig. BS.9). When the gland enlarges, it
may do so anteriorly, posteriorly, inferiorly, or laterally. It can-
not move superiorly because of the superior attachments of
the overlying sternothyroid and sternohyoid muscles
(Table 8.3). Substernal extension of a goiter is also common.
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Goiter

(A)

(B)

FIGURE B8.9. Enlarged thyroid. A. Individual with a goiter. B. Scinti-
gram showing a diffuse, enlarged thyroid gland.

Thyroidectomy
@ Excision of a malignant tumor of the thyroid gland,

or other surgical procedure, sometimes necessitates

removal of part or all of the gland (hemithyroidec-
tomy or thyroidectomy). In the surgical treatment of hyper-
thyroidism, the posterior part of each lobe of the enlarged
thyroid is usually preserved, a procedure called near-total
thyroidectomy, to protect the recurrent and superior laryn-
geal nerves and to spare the parathyroid glands. Postoperative
hemorrhage after thyroid gland surgery may compress the
trachea, making breathing difficult. The blood collects within
the fibrous capsule of the gland.

Injury to Recurrent Laryngeal Nerves

e The risk of injury to the recurrent laryngeal nerves
+ is ever present during neck surgery. Near the infe-

rior pole of the thyroid gland, the right recurrent
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laryngeal nerve is intimately related to the inferior thyroid
artery and its branches (Fig. B8.10). This nerve may cross
anterior or posterior to branches of the artery, or it may pass
between them. Because of this close relationship, the inferior
thyroid artery is ligated some distance lateral to the thyroid
gland, where it is not close to the nerve. Although the danger
of injuring the left recurrent laryngeal nerve during surgery
is not as great, owing to its more vertical ascent from the
superior mediastinum, the artery and nerve are also closely
associated near the inferior pole of the thyroid gland (Fig.
8.27). Hoarseness is the usual sign of unilateral recurrent
nerve injury; however, temporary aphonia or disturbance of
phonation (voice production) and laryngeal spasm may occur.
These signs usually result from bruising the recurrent laryn-
geal nerves during surgery or from the pressure of accumu-
lated blood and serous exudate after the operation.

Inadvertent Removal
of Parathyroid Glands

@ The variable position of the parathyroid glands, espe-

cially the inferior ones, puts them in danger of being

damaged or removed during surgical procedures in
the neck. The superior parathyroid glands may be as far supe-
rior as the thyroid cartilage, and the inferior glands may be as
far inferior as the superior mediastinum (Fig. 8.30B). The
aberrant sites of these glands are of concern when searching
for abnormal parathyroid glands, as may be necessary in treat-
ing parathyroid adenoma, an ordinarily benign tumor of epi-
thelial tissue associated with hyperparathyroidism.

Atrophy or inadvertent surgical removal of all the para-
thyroid glands results in tetany, a severe neurologic syn-
drome characterized by muscle twitches and cramps. The
generalized spasms are caused by decreased serum cal-
cium levels. Because laryngeal and respiratory muscles are
involved, failure to respond immediately with appropri-
ate therapy can result in death. To safeguard these glands
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during thyroidectomy, surgeons usually preserve the poste-
rior part of the lobes of the thyroid gland.

In cases in which it is necessary to remove the whole
thyroid gland (e.g., because of malignant disease), the para-
thyroid glands are carefully isolated with their blood vessels
intact before removal of the thyroid gland. Parathyroid tissue
may also be transplanted, usually to the arm, so it will not be
damaged by subsequent surgery or radiation therapy.

Fractures of Laryngeal Skeleton

Q Laryngeal fractures may result from blows received

in sports, such as kick boxing and hockey, or from

compression by a shoulder strap during an automo-
bile accident. Because of the frequency of this type of injury,
most goalies in ice hockey and catchers in baseball have pro-
tective guards hanging from their masks that cover their
larynges. Laryngeal fractures produce submucous hemor-
rhage and edema, respiratory obstruction, hoarseness, and
sometimes a temporary inability to speak.

Laryngoscopy

Laryngoscopy is the procedure used to examine the
interior of the larynx. The larynx may be examined

visually by indirect laryngoscopy using a laryngeal
mirror (Fig. B8.11A). The anterior part of the tongue is gen-
tly pulled from the oral cavity to minimize the extent to which
the posterior part of the tongue covers the epiglottis and
laryngeal inlet. Because the rima vestibuli is larger than the
rima glottidis during normal respiration, the vestibular folds
and vocal folds are visible during a laryngoscopic examination
(Fig. BS.11B). The larynx can also be viewed by direct laryn-
goscopy, using a tubular endoscopic instrument, a laryngo-
scope. A laryngoscope is a tube or flexible fiber optic
endoscope equipped with electrical lighting for examining or
operating on the interior of the larynx through the mouth.
The vestibular folds normally appear pink, whereas the vocal
folds are usually pearly white.

Valsalva Maneuver

. The sphincteric actions of the vestibular and vocal
@ folds are important during the Valsalva maneuver,
any forced expiratory effort against a closed airway,

such as a cough, sneeze, or strain during a bowel movement
or weight lifting. The vestibular and vocal folds abduct widely
as the lungs inflate during deep inspiration. In the Valsalva
maneuver, both the vestibular and vocal folds are tightly
adducted at the end of deep inspiration. The anterolateral
abdominal muscles then contract strongly to increase the
intrathoracic and intra-abdominal pressures. The relaxed
diaphragm passively transmits the increased abdominopelvic
pressure to the thoracic cavity. Because high intrathoracic
pressure impedes venous return to the right atrium, the
Valsalva maneuver is used to study cardiovascular effects of

/

Laryngeal mirror

(A) Indirect laryngoscopy

Posterior wall of laryngopharynx Piriform fossa (recess)

To esophagus
/ Mucosa over cricoid
cartilage
Interarytenoid notch
/ Site of corniculate
cartilages
J Site of cuneiform cartilages
Ary epiglottic fold

Trachea
Vocal folds

)// Lateral walls of laryngeal
\\/ vestibule (mucosa over

quadrangular membrane)

Vestibular folds
\ (medial edge)
\ Epiglottis

Median glosso-epiglottic

fold

B Right and left valleculae
(B) Dorsum of tongue

FIGURE BS8.11.

raised peripheral venous pressure and decreased cardiac fill-
ing and cardiac output.

Aspiration of Foreign Bodies
and Heimlich Maneuver

A foreign object, such as a piece of steak, may acci-
@ dentally aspirate (be inhaled into the airways)

through the laryngeal inlet into the vestibule of the
larynx, where it becomes trapped superior to the vestibular

folds. When a foreign object enters the vestibule of the lar-
ynx, the laryngeal muscles go into spasm, tensing the vocal
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folds. The rima glottidis closes and no air enters the trachea.
The resulting blockage may completely seal off the larynx
(laryngeal obstruction) and choke the person, leaving the
individual speechless because the larynx is blocked.
Asphyxiation occurs, and the person will die in approximately
5 min from lack of oxygen if the obstruction is not removed.

A person who is choking will cough in an attempt to dis-
lodge the object. The vestibular folds are part of the protec-
tive mechanism that closes the larynx. The mucosa of the
vestibule is sensitive to foreign objects such as food. When
an object passes through the laryngeal inlet and contacts the
vestibular epithelium, violent coughing occurs. Emergency
therapy must be given to open the airway. The procedure
used depends on the condition of the person, the facilities
available, and the experience of the person giving first aid.

Because the lungs still contain air, sudden compression
of the abdomen (Heimlich maneuver) causes the diaphragm
to elevate and compress the lungs, expelling air from the
trachea into the larynx. This maneuver usually dislodges
the food or other material from the larynx. To perform
the Heimlich maneuver, the person giving first aid uses
subdiaphragmatic abdominal thrusts to expel the foreign
object from the larynx. First, the closed fist, with the base
of the palm facing inward, is placed on the victim’s abdo-
men between the umbilicus and the xiphoid process of
the sternum (Fig. BS.12). The fist is grasped by the other
hand and forcefully thrust inward and superiorly, forcing
the diaphragm superiorly. This action forces air from the
lungs and creates an artificial cough that usually expels the
foreign object. Several abdominal thrusts may be necessary
to remove the obstruction in the larynx.

In extreme cases, experienced persons (e.g., physicians)
insert a large-bore needle through the cricothyroid ligament

Subdiaphragmatic position
for placement of hands

Position of hands

FIGURE B8.12. Heimlich maneuver.
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(needle cricothyrotomy, or “coniotomy”) to permit fast entry
of air. Later, a surgical cricothyrotomy may be performed,
which involves an incision through the skin and cricothyroid
ligament and insertion of a small tracheostomy tube into the
trachea (Fig. BS.13).

Tracheostomy

P, A transverse incision through the skin of the neck
@ and anterior wall of the trachea, tracheostomy
establishes an airway in patients with upper airway
obstruction or respiratory failure (Fig. B8.13). The infra-
hyoid muscles are retracted laterally, and the isthmus of the
thyroid gland is either divided or retracted superiorly. An
opening is made in the trachea between the first and second
tracheal rings or through the second through fourth rings. A
tracheostomy tube is then inserted into the trachea and
secured. To avoid complications during a tracheostomy, the
following anatomical relationships are important:

o The inferior thyroid veins arise from a venous plexus on
the thyroid gland and descend anterior to the trachea.

o A small ¢thyroid ima artery is present in approximately
10% of people; it ascends from the brachiocephalic trunk
or the arch of the aorta to the isthmus of the thyroid gland.

o The left brachiocephalic vein, jugular venous arch, and
pleurae may be encountered, particularly in infants
and children.

e The thymus covers the inferior part of the trachea in
infants and children.

e The trachea is small, mobile, and soft in infants, making
it easy to cut through its posterior wall and damage the
esophagus.

Injury to Laryngeal Nerves
/- Because the inferior laryngeal nerve, the continua-
J + tion of the recurrent laryngeal nerve, innervates the
muscles moving the vocal fold, paralysis of the vocal
fold results when injury to laryngeal nerves occurs. The voice
is poor initially because the paralyzed vocal fold cannot
adduct to meet the normal vocal fold. Within weeks, the con-
tralateral fold crosses the midline when its muscles act to
compensate. When bilateral paralysis of the vocal folds
occurs, the voice is almost absent because the vocal folds are
motionless in a position that is slightly narrower than the usu-
ally neutral respiratory position. They cannot be adducted for
phonation, nor can they be abducted for increased respira-
tion, resulting in stridor (high pitched, noisy respiration)
often accompanied by anxiety similar to that accompanying
an asthmatic episode.

In progressive lesions of the recurrent laryngeal nerve,
abduction of the vocal ligaments is lost before adduction;
conversely, during recovery, adduction returns before
abduction. Hoarseness is the common symptom of serious
disorders of the larynx, such as carcinoma of the vocal folds.



Machine Translated by Google

EFEA AL T ERIREICA SRR DET,
ZFOERMEEHNTLICHAEL (REHE) JEEHIEH -
TWBHICREBHIEE L GET e TIHLBRDZI e H
DFEJ,

BEIREINBITNIZ . ZBEIEID BEFETH 5 27U
ARITFETEL 9,

ZELTVAAIXEYERDRRC S LT %E L X9 Hi
RO I3MEEEE B U AIRERABD—EB T HIREDIEIL.
B3 OERYITBUR T EYH MREEA Q%88 L CHiEE
FRICHEMT 2 B LUVWEAFECDET KB ZRH<T-DICR
SUREEITOWELH DX T SFERASTNZFEIZ A DIRE F)
Frgea e b LU 2MBZITOADRERICK > TEARD
EC IS

FflCIE I ZERD TR > TV BD T IERZRICEBT 5L
(N L)y TE) FERRRD LR L ThizE8 L ZESh'
ED SHREEANFEH SN E T . COEMEICK D GEE MREED SR
VPP DDYIEDELDFRD N KT o/ \ 1 L) T3EZATIIC

(FORALEZ1T SADEIREIR N CRERZZR S LI 58k %
TOWIREED D2 ZHFH L 9. &9 FDU 50fFH1RZA
BICRNT TR DB %2 B LB ORMRZERE DREIDESHE DREER
ICHTEY (K B8.12) «b5—HDFTEODEZED A
B XU EANTBERE LT Wiz LA ISR L BT £,
COEICEKD Fib SZERHNR LHIN GBS EY Y
BATHLBEROESN XY MRERDEIE ZIRET BICid 8
ERRE LI FhZHENT SBED HBHENBDET,

WIR7RI5E 1013 FEER S B B EAMD IR R (SR HE
DEZRAT B0

FOfE

XB8.12./\ L) E1E#,

g 1045

(BT L8R FIRRERR IR K Tcld TR )IckD =D
RREAB TN TEB L SR DET DR ANEBRERIK KRR
BTN B CED B DEY o COFMTTIE BB Lk FRIRRERR Z 1)
LN SBR[EVRF1—JZRBIEALEY (K B8.13) .

SEYIF

@ BDRE CKE DRIEEZ1RICYIR I 2 E TR

ERERERITRALDEFEICEEERL X
Y (K B8.13)omE TEIZIMANCEES | L FRIRRRIRER 2 3 & £
FelF EAICES L E T [EDE 1 RER L 2 UEERDRE.
FIIFE 2 N 5% 4 [EHTE L CREICHOSZEDE T,
RICK[EYRF1—TZREIRALTEE LET [EYIH
DB HAEZE T BToDIC RDBEHIFRRHRNEE T,

- FERRBRESAR IS FIRRR DRERED SR D KEDRIA ICTT
BELEY,

o INSTRERRARAENARIE O 10% DAICTFTE L JHEEESIAR & 7c
IIARENRSH SERBRIRER X T LR LET

HFICFLIR P NR Tl SRR SRR S iR IR A R Oh B S et
HDET,

HIBRISTED TR ZE > TLET,
AR eF

c ALRDK[EIINE < IV Y L FE5D Ve FRE =T
LTREZEDITRTRDET,

MERERFHE DRI

1\ TIRESRREEOER T S EEh THRESR LT
\ \+) VBT IR T B L SRS R C DET ARE LT
EmldERAEFICE DL SICRER TI RV HAIFEDLE
FHALBRUAIC A BIDESDFHRAD N e S L TIERHS %l
R F 9 MAIDERRENE DL FEehiEEDORIFRAESDEHHEH
[TEVMIB CEIHVR W FBNNEEA R <BDET B alEr ST
RETZCH NEGEIETTREERST DD TIRV D ImEFRIEIC

S0 LERRDORRZH SIS (FRULEAZLWITRDFHEELEY,

[REHHFZEDEITIERZE Tl A DN RERDRIIC
KON F I JEHERRICIZ SR DRTICRERD EHE L £ T
B3 AR DIERERDER R ED—MRBSIEIR T,



1046 Chapter 8 * Neck

Incision in trachea after

retracting infrahyoid muscles
and incising isthmus of thyroid

x 2nd and 4th

tracheal rings

Deep cerwcal
fascia

Tracheostom
tube

Pretracheal fasma

Trachea

Esophagus

FIGURE B8.13. Tracheostomy.

Paralysis of the superior laryngeal nerve causes anesthesia
of the superior laryngeal mucosa. As a result, the protective
mechanism designed to keep foreign bodies out of the larynx
is inactive, and foreign bodies can easily enter the larynx.
Injury to the external branch of the superior laryngeal nerve
results in a voice that is monotonous in character because the
paralyzed cricothyroid muscle supplied by it is unable to vary
the length and tension of the vocal fold (Table 8.5, p. 1028).
Such an injury may be unnoticed in individuals who do not
usually employ a wide range of tone in their speech, but it
may be critical to singers or public speakers.

To avoid injury to the external branch of the superior
laryngeal nerve (e.g., during thyroidectomy), the superior
thyroid artery is ligated and sectioned more superior to the
gland, where it is not as closely related to the nerve. Because
an enlarged thyroid gland (goiter) may itself cause impaired
innervation of the larynx by compressing the laryngeal nerves,
the vocal folds are examined by laryngoscopy before an oper-
ation in this area. In this way, damage to the larynx or its
nerves resulting from a surgical mishap may be distinguished
from a pre-existing injury resulting from nerve compression.

Superior Laryngeal Nerve Block

». A superior laryngeal nerve block is often adminis-
@ tered with endotracheal intubation in the conscious
patient. This technique is used for peroral endos-

copy, transesophageal echocardiography, and laryngeal and
esophageal instrumentation. The needle is inserted midway

between the thyroid cartilage and the hyoid, 1-5 cm anterior
to the greater horn of the hyoid. The needle passes through

the thyrohyoid membrane and the anesthetic agent bathes
the internal laryngeal nerve, the larger terminal branch of the
superior laryngeal nerve. Anesthesia of the laryngeal mucosa
occurs superior to the vocal folds and includes the superior
surface of these folds.

Cancer of Larynx

The incidence of cancer of the larynx is high in
1;3 individuals who smoke cigarettes or chew tobacco.
2 Most persons present with persistent hoarseness,
often associated with otalgia (earache) and dysphagia (dif-
ficulty in swallowing). Enlarged pretracheal or paratracheal
lymph nodes may indicate the presence of laryngeal
cancer. Laryngectomy (removal of the larynx) may be per-
formed in severe cases of cancer. Vocal rehabilitation can
be accomplished by the use of an electrolarynx, a tracheo-
esophageal prosthesis, or esophageal speech (regurgitation
of ingested air).

LB

Age Changes in Larynx

\ The larynx grows steadily until approximately

3 years of age, after which little growth occurs until

ﬁl approximately 12 years of age. Before puberty, no
major laryngeal sex differences exist. Owing to the pres-
ence of testosterone at puberty in males, the walls of the
larynx strengthen, and the laryngeal cavity enlarges. There
is only a slight increase in the size of the larynx of most
girls. In boys, all of the laryngeal cartilages enlarge and the
laryngeal prominence becomes conspicuous in most
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males. The anteroposterior diameter of the rima glottidis
almost doubles its prepubescent measurement in males,
the vocal folds lengthening and thickening proportion-
ately and abruptly. This growth accounts for the voice
changes that occur in males: The pitch typically becomes
an octave lower.

The pitch of the voice of eunuchs, males whose testes
have not developed (agonadal males) or have been surgically
removed (e.g., cancerous testes), does not become lower
without administration of male hormones. The thyroid, cri-
coid, and most of the arytenoid cartilages often ossify as age
advances, commencing at approximately 25 years of age in
the thyroid cartilage. By 65 years of age, the cartilages are
frequently visible in radiographs.

Foreign Bodies in Laryngopharynx

s When food passes through the laryngopharynx dur-
@ ing swallowing, some of it enters the piriform fos-

sae. Foreign bodies (e.g., a chicken bone or fishbone)
entering the pharynx may lodge in this recess. If the object is
sharp, it may pierce the mucous membrane and injure the
internal laryngeal nerve.

The superior laryngeal nerve and its internal laryngeal
branch are also vulnerable to injury during removal of the
object if the instrument used to remove the foreign body
accidentally pierces the mucous membrane. Injury to these
nerves may result in anesthesia of the laryngeal mucous
membrane as far inferiorly as the vocal folds. Young chil-
dren swallow a variety of objects, most of which reach the
stomach and pass through the alimentary tract without dif-
ficulty. In some cases, the foreign body stops at the inferior
end of the laryngopharynx, its narrowest part. A medical
image such as a radiograph or a CT scan will reveal the
presence of a radiopaque foreign body. Foreign bodies in
the pharynx are often removed under direct vision through

a pharyngoscope.
Sinus Tract from Piriform Fossa

& » Although uncommon, a sinus tract may pass from
i v‘ the piriform fossa to the thyroid gland, becoming a

potential site for recurring thyroiditis (inflamma-
tion of the thyroid gland). This sinus tract apparently devel-
ops from a remnant of the thyroglossal duct that adheres to
the developing laryngopharynx. Removal of this sinus tract
essentially involves a partial thyroidectomy because the piri-
form fossa lies deep to the superior pole of the gland (Scher
and Richtsmeier, 1994).

Tonsillectomy

». Tonsillectomy (removal of the tonsils) is per-
@ formed by dissecting the palatine tonsil from the
tonsillar bed or by a guillotine or snare operation.

Each procedure involves removal of the tonsil and
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surrounding connective tissue (Fig. BS.14). Because of
the rich blood supply of the tonsil, bleeding commonly
arises from the large external palatine vein (Fig. 8.44B)
or, less commonly, from the tonsillar artery or other arte-
rial twigs. The glossopharyngeal nerve (CN IX) accom-
panies the tonsillar artery on the lateral wall of the
pharynx. Because this wall is thin, the nerve is vulnerable
to injury. The internal carotid artery is especially vulner-
able when it is tortuous and lies directly lateral to the
tonsil (Fig. 8.46B).

Membranous
lateral wall of
pharyngotympanic
tube

Cartilage of
pharyngotympanic
tube

Levator
veli palatini

Tensor
veli palatini

Salpingo-
pharyngeus

Tonsillar branch
of ascending
palatine artery

Tonsillar bed

Tonsillar branch
of facial artery

Ligature retracting
palatine tonsil

FIGURE B8.14. Tonsillectomy.
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Adenoiditis

o h Inflammation of the pharyngeal tonsils (adenoids—
3‘."9 Fig. 8.43) is called adenoiditis, which can obstruct
2 the passage of air from the nasal cavities through the
choanae into the nasopharynx, making mouth breathing nec-
essary. Infection from the enlarged pharyngeal tonsils may
spread to the tubal tonsils, causing swelling and closure of the
pharyngotympanic tubes. Impairment of hearing may result
from nasal obstruction and blockage of the pharyngotympanic
tubes. Infection spreading from the nasopharynx to the mid-
dle ear causes otitis media (middle ear infection), which may
produce temporary or permanent hearing loss. Sometimes
the palatine and pharyngeal tonsils are removed during the
same operation (fonsillectomy and adenoidectomy; T&A).

Branchial Fistula

& A branchial fistula is an abnormal canal that opens
““ i internally into the tonsillar sinus (fossa) and exter-

nally on the side of the neck (Fig. BS.15A). Saliva
may drip from the fistula, which may become infected. This
uncommon cervical canal results from persistence of rem-
nants of the 2nd pharyngeal pouch and 2nd pharyngeal
groove (Moore et al., 2012). The fistula ascends from its cer-
vical opening, usually along the anterior border of the SCM
in the inferior third of the neck. It first passes through the
subcutaneous tissue, platysma, and fascia of the neck to enter
the carotid sheath. It then passes between the internal and
the external carotid arteries on its way to its opening in the
tonsillar sinus. Its course can be demonstrated by radiogra-
phy (Fig. B8.15B).

Fistula passing deep to A
external carotid artery Ca

External carotid artery

Branchial fistula

Sternocleidomastoid muscle

Cutaneous opening of

Possible location of
branchial sinuses

Sternocleidomastoid
muscle

Possible location
of branchial cysts

Manubrium of sternum

FIGURE B8.16. Branchial sinuses.

Branchial Sinuses and Cysts

6 When the embryonic cervical sinus fails to disap-
“ ’ pear, it may retain its connection with the lateral

surface of the neck by a branchial sinus, a narrow
canal. The opening of the sinus may be anywhere along
the anterior border of the SCM (Fig. BS.16). If a remnant
of the cervical sinus is not connected with the surface, it
may form a branchial cyst (lateral cervical cyst), usually
located just inferior to the angle of the mandible. Although
branchial cysts may be present in infants and children,

Head

Fistula —/——

branchial fistula

(A)

(B)

FIGURE B8.15. Branchial fistula.
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they may not enlarge and become visible until early adult-
hood. The sinus and cyst are usually excised. The cyst
passes close to the hypoglossal, glossopharyngeal, and spi-
nal accessory nerves (Fig. 8.46A). Therefore, care must be
taken to avoid damage to these nerves during removal of
the cyst.

Esophageal Injuries

Esophageal injuries are the rarest kinds of pene-
@ trating neck trauma; however, they cause most

complications after a surgical procedure or other
treatment. Most esophageal injuries occur in conjunction
with airway injuries because the airway lies anterior to the
esophagus and provides some protection to it. Esophageal
injuries are often occult (hidden), which makes the injury
difficult to detect, especially if it is isolated. Unrecognized
esophageal perforation is fatal in nearly all non-operative
cases and in approximately 50% of surgical occurances
(Sinkinson, 1991).

Tracheo-Esophageal Fistula

The most common birth defect of the esophagus is
‘ " tracheo-esophageal fistula (TEF). Usually, it is com-
- bined with some form of esophageal atresia. In the
most common type of TEF (approximately 90% of cases),
the superior part of the esophagus ends in a blind pouch and
the inferior part communicates with the trachea (Fig. BS.17A).
In these cases, the pouch fills with mucus, which the infant
aspirates. In some cases, the superior esophagus communi-
cates with the trachea and the inferior esophagus joins the
stomach (Fig. BS.17C), but sometimes it does not, producing
TEF with esophageal atresia (Fig. BS.17B). TEFs result
from failures in partitioning of the esophagus and trachea
(Moore et al., 2012).

Esophageal Cancer

PAXTN The most common presenting complaint of esopha-

<l geal cancer is dysphagia (difficulty in swallowing),
2 which is not usually recognized until the lumen is
reduced by 30-50%. Esophagoscopy is a common diagnostic
tool for observing these cancers. Painful swallowing in some
patients suggests extension of the tumor to peri-esophageal
tissues. Enlargement of the inferior deep cervical lymph
nodes also suggests esophageal cancer. Compression of the
recurrent laryngeal nerves by an esophageal tumor produces
hoarseness.

Zones of Penetrating Neck Trauma

Three zones are common clinical guides to the seri-
% ousness of neck trauma (Fig. BS.18). The zones

give physicians an understanding of the structures
that are at risk with penetrating neck injuries.
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FIGURE B8.11. Tracheo-esophageal fistulae (TEF).

Zone I: includes the root of the neck and extends from
the clavicles and the manubrium to the level of the infe-
rior border of the cricoid cartilage. Structures at risk are
the cervical pleurae, apices of lungs, thyroid and para-
thyroid glands, trachea, esophagus, common carotid
arteries, jugular veins, and the cervical region of the ver-
tebral column.

Zone II: extends from the cricoid cartilage to the level
of the angles of the mandible. Structures at risk are the
superior poles of the thyroid gland, thyroid and cricoid
cartilages, larynx, laryngopharynx, carotid arteries, jugular



Machine Translated by Google

%H@Liﬁﬁ)\?ﬂﬁﬂ FTAIEST BICRZBESITBBILIEHDEE A

B EISECERISTIR SN &9 FA0I3 H TR E IR H AR
DELZEBLET (K 8.46A), LTch' > T ERIZIRET ZIRICIF NS
DR S DT BVESITER T BUEDHDET,

RIEIEE

S m BEEEE BEEETMEOT TREBELD T LA L.
@ NEIFHPRDATEICR DS DAHHERS ISROTREC A
DET RBEEDIEL ALY BTG LHE TRELEFT S
Liﬁiﬁd)ﬁﬁ?’ﬂ:ﬁb\ﬁiﬁ_t:\,mah\o)ﬁi EEZTWBHTT REEE
BEN (BNTV3)THBIEHE < SSICBmOEE 0I5Bt @*ﬁtﬂb\
l%&‘ca“mi&*hf\,\ab\ﬁﬁﬁﬂti IEE TR TOEFHIER TES
THH NRBIEFIDKI 50% TEEHITS (Sinkinson.1991) .

[EREE
D BEOBLBNLERREESEREE (TE)TTEH.C
NIIESHOREFHE L EH L TV ET ORI Z1T

DTEF (GEFIDFI0%) Tl BED LN EE TR D JFERH
K[ELOBRNH>TVEY (KBS.17A) .

X

1]

s &

CNSDIERITlE SO HER Tralo S FLIRD ENERE | L £9 —ERDIE
FITIE EBBENTE LOADD TFHRENBL AN > TLETH

(K B8.17C)ZESTHWMESIDH D ZDIGZEISRERHEZMN S TEF i'RE
L %9 (K B8.17B).TEF I BEEKEBEDATIDDRMUC L >THEELET
(Moore 5.2012),

BENA

i BENADRL—RNBERSHTEE (RAAHHER)T
OO S ChIER R 30~500 BT A ETRRIN £t
LV R BEEREIL. CNSONAEEET BT O— I

VLT —ERDBE TH T A £ L 3583 a2 E AR

BITEA STV TR SN £, FRE L SHOEALREN A
T LEY SEEEIC & SREREE OIS EAES SR LET,

RT‘T

SEEfE@ENEDERL
% BEIMEOERE T T — ML EERIISIEL LT3 D20V

e

—VhEF 5 Ed (K B8.18), 5Dy —IC LD [EAMIE
EEZBIRED URID HBBEEIETEET,

- 1049

K ) ERRARE

BEO—
==
== : \\\ 7,
_ \ b
> BED

BIH A2 RE
DIRVET,

-

B8.17.AERIEE (TEF) o

o= EOMIFRD S#HE CEIR F TOEE T IRREED MG ETLD

DEYIRIDBHBHEE IS SERRHAR Fie FRIRR CRIFRR KUE B
B EEBAR SER AR A DIERE T,

o =2 I ERIREED 5 N A X TOEE, X I DBHBIEEIS FIRRDE

BRI CERAER S MRS ISR SRR SEREAR T I .



1050 Chapter 8 © Neck

Zone III
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mandible

Zone Il
Cricoid
cartilage
Clavicle

Zone | Manubrium

FIGURE B8.18. Zones of penetrating neck trauma.

VISCERA OF NECK

Endocrine layer of cervical viscera: Despite different
developmental origins, the endocrine thyroid and parathyroid
glands are intimately related. ¢ Typically, the thyroid gland
is roughly H-shaped, with right and left lobes linked by a thin
central isthmus. ¢ The thyroid gland wraps around the anterior
and lateral aspects of the trachea at the level of the second to
fourth tracheal rings; the isthmus lies anterior to the second
and third rings. ¢ Typically, there are four parathyroid glands
(two superior and two inferior) within the capsule of the thyroid
gland or in the gland itself. # An abundant blood supply, essen-
tial to the endocrine function, is provided to the thyroid gland
by a four-way anastomosis between the right and left superior
and inferior thyroid arteries, with the latter usually providing
branches to the parathyroid glands. ¢ Superior thyroid veins
accompany the arteries of the same name, draining the area
they supply. ¢ Unaccompanied middle and inferior thyroid veins
drain the inferior part of the thyroid gland: The superior and
middle thyroid veins drain to the I}V, whereas the usually singu-
lar inferior thyroid vein enters the left brachiocephalic vein.
¢ Vasomotor nerves course along the arteries, but the glands are
regulated hormonally rather than by secretomotor nerve fibers.
¢ Lymphatic vessels pass directly to the deep cervical lymph
nodes or via nodes associated with the larynx and trachea.
Respiratory layer of cervical viscera: The larynx is the
superior end of the lower respiratory tract, modified to regu-
late entry into or close off the lower respiratory tract. ¢ The
larynx also modifies the exit of air from the tract to produce

veins, esophagus, and cervical region of the vertebral
column.

* Zone III: occurs at the angles of the mandibles superi-
orly. Structures at risk are the salivary glands, oral and
nasal cavities, oropharynx, and nasopharynx.

Injuries in zones I and III obstruct the airway and have the
greatest risk for morbidity (complications following surgical
procedures and other treatments) and mortality (a fatal out-
come) because the injured structures are difficult to visualize
and repair and the vascular damage is difficult to control.
Injuries in zone II are most common; however, morbidity
and mortality are lower because physicians can control vas-
cular damage by direct pressure and surgeons can visualize
and treat injured structures more easily than they can in the
other zones.

tone for vocalization. ¢ With the diaphragm, it regulates intra-
abdominal pressure through air retention and the force and
suddenness by which air exits the tract (e.g., exhaling verses
coughing or sneezing). ¢ The larynx consists of a cartilaginous
articulating skeleton joined by ligaments, membranes, and
muscles, lined with mucous membrane. ¢ All the laryngeal
muscles except one (posterior crico-arytenoid) participate in
closure of the rima glottidis. ® Active opening of the rima is
required only during deep inspiration. ¢ Otherwise,
opening occurs passively by the tidal flow of air, with the
other muscles controlling the amount and nature of resistance
provided at the rima glottidis to produce tone and control
its pitch. # In addition to intrinsically produced movements
between its components, extrinsic musculature (hyoid mus-
cles) can move the entire larynx for swallowing and to modify
pitch further. ® The internal laryngeal nerve, a branch of the
superior laryngeal nerve, is the sensory nerve of the larynx.
¢ The recurrent laryngeal nerve (via its terminal branch, the
inferior laryngeal nerve) is the motor nerve, which supplies
all muscles of the larynx, with one exception. ¢ The external
laryngeal nerve, a smaller branch of the superior laryngeal
nerve, supplies the cricothyroid muscle. # The trachea is the
median fibrocartilaginous tube extending between the cricoid
cartilage at the C6 vertebral level and its bifurcation into main
bronchi at the T4-T5 IV disc level (level of sternal angle).
Alimentary layer of cervical viscera: Although gener-

ally considered part of the alimentary tract, the pharynx is
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shared with the respiratory system. ¢ The superior, non-
collapsible nasopharynx is exclusively respiratory, and the
air and food pathways cross within the oropharynx and
laryngopharynx. ¢ The contractile pharynx is unique within
the alimentary tract in being constructed of voluntary muscle
with the circular layer (pharyngeal constrictors) external to
longitudinal muscle, the stylopharyngeus, palatopharyn-
geus, and salpingopharyngeus. ¢ The flat posterior wall

of the pharynx, abutting the musculoskeletal neck at the
retropharyngeal space, is without openings; however, its
anterior wall includes openings to the nose, mouth, and
larynx. These openings determine the three segments of the
pharynx. ¢ The soft palate serves as a flap valve regulating
access to or from the nasopharynx and oropharynx, whereas
the larynx is the “valve” ultimately separating food and air
before they enter the esophagus and trachea, respectively.

¢ The superior two openings of the pharynx, which connect

LYMPHATICS OF NECK

Most superficial tissues in the neck are drained by lymphatic
vessels that enter the superficial cervical lymph nodes,
which are located along the course of the EJV. Lymph from
these nodes, like lymph from all of the head and neck, drains
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to the external environment, are encircled by a ring of lym-
phoid (tonsillar) tissue. ¢ Gaps in the submucosal lateral
wall, between attachments of the pharyngeal constrictor
muscles, permit the passage of slip-like longitudinal muscles
and neurovascular elements. ¢ Innervation of the pharynx is
from the pharyngeal nerve plexus, with the vagus providing
the motor fibers and the glossopharyngeal providing sensory
fibers. & At the level of the cricoid cartilage (C6 vertebral
level), a relatively abrupt change is made to the muscular
pattern more typical of the alimentary tract. ¢ The cricopha-
ryngeal part of the inferior pharyngeal constrictor, the most
inferior part of the external circular layer, forms the superior
esophageal sphincter. ¢ Immediately inferior, as the outer
muscular layer becomes longitudinal, the esophagus begins.
¢ Also at approximately this point, sensory and motor inner-
vation is transferred to the recurrent laryngeal nerves. ¢ The
cervical esophagus is composed of voluntary muscle.

into inferior deep cervical lymph nodes (Figs. 8.48 and
8.51). The specific group of inferior deep cervical nodes
involved here descends across the lateral cervical region with
the spinal accessory nerve (CN XI).

Most lymph from the six to eight lymph nodes then drains
into the supraclavicular group of nodes, which accompany

Prevertebral fascia
/ Omohyoid

Cervicodorsal (transverse
cervical) trunk
Muscular layer of
pretracheal layer of
(deep) cervical fascia

Phrenic nerve

~——Prevertebral fascia

Suprascapular
artery

lymphatic trunk

Subclavian vein

Subclavius
\ Left clavicle
Anterior

sternoclavicular
ligament

(B) Anterior view

FIGURE 8.51. Lymphatic vessels in root of neck. A. This overview demonstrates the course of the thoracic duct and site of the termination of the tho-
racic and right lymphatic ducts. B. This dissection of the left side shows the deep cervical lymph nodes and the termination of the thoracic duct at the junc-
tion of the subclavian and internal jugular veins (left venous angle). The cervicodorsal trunk is often called the transverse cervical artery.
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FIGURE 2.81. Intravenous urogram (pyelogram). The contrast medium
was injected intravenously and was concentrated and excreted by the kid-
neys. This AP projection shows the calices, renal pelvis, and ureter outlined
by the contrast medium filling their lumina. (Courtesy of Dr. John Camp-
bell, Department of Medical Imaging, Sunnybrook Medical Centre, Univer-
sity of Toronto, Toronto, ON, Canada.)

course. From the back, the surface marking of the ureter is
a line joining a point 5 cm lateral to the L1 spinous process
and the posterior superior iliac spine (Fig. 2.78). The ureters
occupy a sagittal plane that intersects the tips of the trans-
verse processes of the lumbar vertebrae. When examining

12th rib
/

> __—Minor calix
L1 —— Major calix
P L2 T~ Renal pelvis

N

Ureter

\

—Gasin
intestine

Sacrum

Ureter
—
Catheter
(in urinary
bladder)
(A) Anteroposterior pyelogram (B)

FIGURE 2.82. Normal constrictions of ureters demonstrated by retro-
grade pyelogram. A. Contrast medium was injected into the ureters from
a flexible endoscope (urethroscope) in the bladder. The arrows represent
papillae bulging into the minor calices. B. Sites at which relative constric-
tions in the ureters normally appear: (1) at the ureteropelvic junction,

@ ErossingEh XA SN ORPEIGISHm ., 2 (3) as the ure-

ter traverses the bladder wall.

the ureters radiographically using contrast medium (Figs.
2.81 and 2.82), the ureters normally demonstrate relative
constrictions in three places: (I)yatthejunctionof theureters
and renal pelves, (2) where the ureters cross the brim of the
pelvic inlet, and (3) during their passage through the wall of
themurinarybladder(Fign2i82). These constricted areas are
potential sites of obstruction by @retericistonesi(caleuli)

Congenital anomalies of the kidneys and ureters are fairly
common. (See the blue box “Congenital Anomalies of Kid-
neys and Ureters” on p- 299.)

SUPRARENAL GLANDS

The suprarenal (adrenal) glands, yellowish in living per-
sons, are located between the superomedial aspects of the
kidneys and the diaphragm (Fig. 2.83), where they are sur-
rounded by connective tissue containing considerable peri-
nephric fat. The suprarenal glands are enclosed by renal
fascia by which they are attached to the crura of the dia-
phragm. Although the name “suprarenal” implies that the
kidneys are their primary relationship, their major attach-
ment is to the diaphragmatic crura. They are separated from
the kidneys by a thin septum (part of the renal fascia—see
the blue box “Renal Transplantation,” p. 298).

The shape and relations of the suprarenal glands differ
on the two sides. The pyramidal right gland is more apical
(situated over the superior pole) relative to the left kidney, lies
anterolateral to the right crus of the diaphragm, and makes
contact with the IVC anteromedially (Fig. 2.79) and the liver
anterolaterally. The crescent-shaped left gland is medial to the
superior half of the left kidney and is related to the spleen,
stomach, pancreas, and the left crus of the diaphragm.

Each gland has a hilum, where the veins and lymphatic
vessels exit the gland, whereas, the arteries and nerves enter
the glands at multiple sites. The medial borders of the supra-
renal glands are 4-5 cm apart. In this area, from right to left,
are the IVC, right crus of the diaphragm, celiac ganglion,
celiac trunk, SMA, and the left crus of the diaphragm.

Each suprarenal gland has two parts: the suprarenal cor-
tex and suprarenal medulla (Fig. 2.83, inset); these parts have
different embryological origins and different functions.

The suprarenal cortex derives from mesoderm and
secretes corticosteroids and androgens. These hormones
cause the kidneys to retain sodium and water in response to
stress, increasing the blood volume and blood pressure. They
also affect muscles and organs such as the heart and lungs.

The suprarenal medulla is a mass of nervous tissue per-
meated with capillaries and sinusoids that derives from neu-
ral crest cells associated with the sympathetic nervous system
(see Fig. 2.87). The chromaffin cells of the medulla are related
to sympathetic ganglion (postsynaptic) neurons in both deri-
vation (neural crest cells) and function. These cells secrete
catecholamines (mostly epinephrine) into the bloodstream
in response to signals from presynaptic neurons. Powerful
medullary hormones, epinephrine (adrenaline) and norepi-
nephrine (noradrenaline), activate the body to a flight-or-fight
status in response to traumatic stress. They also increase heart
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FIGURE 2.83. Blood vessels of suprarenal glands, kidneys, and superior parts of ureters. The celiac plexus of nerves and ganglia that surrounds the
celiac trunk has been removed. The inferior vena cava has been transected, and its superior part has been elevated from its normal position to reveal the

arteries that pass posterior to it. The renal veins have been cut so that the kid

neys could be moved laterally. For the normal relationships of the kidneys and

suprarenal glands with the great vessels, see Figure 2.76. A cross section of the suprarenal gland (inset) shows that it is composed of two distinct parts: the
cortex and medulla, which are two separate endocrine glands that became closely related during embryonic development.

rate and blood pressure, dilate the bronchioles, and change
blood flow patterns, preparing for physical exertion.

VESSELS AND NERVES OF KIDNEYS, URETERS,
AND SUPRARENAL GLANDS

Renal Arteries and Veins. The renal arteries arise at the
level of the IV disc between the L1 and L2 vertebrae (Figs.
2.83 and 2.84). The longer right renal artery passes posterior
to the IVC. Typically, each artery divides close to the hilum into
five segmental arteries that are end arteries (i.e., they do not
anastomose significantly with other segmental arteries, so that
the area supplied by each segmental artery is an independent,
surgically resectable unit or renal segment). Segmental arter-
ies are distributed to the renal segments as follows (Fig. 2.85):

e The superior (apical) segment is supplied by the supe-
rior (apical) segmental artery; the anterosuperior and
anteroinferior segments are supplied by the anterosupe-
rior segmental and antero-inferior segmental arter-

ies; and the inferior segment is supplied by the inferior
segmental artery. These arteries originate from the
anterior branch of the renal artery.

The posterior segmental artery, which originates from
a continuation of the posterior branch of the renal artery,
supplies the posterior segment of the kidney.

Multiple renal arteries are common and usually enter the
hilum of the kidney (Fig. 2.84). Extrahilar renal arteries from
the renal artery or aorta may enter the external surface of the
kidney, commonly at their poles (“polar arteries”—see the
blue box “Accessory Renal Vessels” on p. 298).

Several renal veins drain each kidney and unite in a variable
fashion to form the right and left renal veins; these veins lie
anterior to the right and left renal arteries. The longer left renal
vein receives the left suprarenal vein, the left gonadal (testicular
or ovarian) vein, and a communication with the ascending lumbar
vein; it then traverses the acute angle between the SMA anteriorly
and the aorta posteriorly (see the blue box “Renal Vein Entrap-
ment Syndrome” on p. 298). Each renal vein drains into the IVC.
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FIGURE 2.84. Arterial supply of kidneys and ureters. The abdominal

aorta lies anterior to the L1-L4 vertebral bodies, usually immediately to
the left of the midline. An accessory left renal artery is present.
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Arterial Supply and Venous Drainage of Ure-
ters. Arterial branches to the abdominal portion of the ureter
arise consistently from the renal arteries, with less constant
branches arising from the testicular or ovarian arteries, the
abdominal aorta, and the common iliac arteries (Fig. 2.84). The
branches approach the ureters medially and divide into ascend-

ing and descending branches, forming a longitudinalvanasto:

In operations in the posterior abdominal region, surgeons pay
special attention to the location of ureters and are careful not
to retract them laterally or unnecessarily. The arteries supply-
ing the pelvic portion of the ureter are discussed in Chapter 3.

Veins draining the abdominal part of the ureters drain into
the renal and gonadal (testicular or ovarian) veins (see Fig. 2.83).

Suprarenal Arteries and Veins. The endocrine func-
tion of the suprarenal glands makes their abundant blood
supply necessary. The suprarenal arteries branch freely
before entering each gland so that 50-60 branches penetrate
the capsule covering the entire surface of the glands. Supra-
renal arteries arise from three sources (Fig. 2.83):

Superior suprarenal arteries (6-8) from the inferior
phrenic arteries.

Middle suprarenal arteries (£ 1) from the abdominal
aorta near the level of origin of the SMA.

Inferior suprarenal arteries (£ 1) from the renal arteries.

3DIFEID S
EDFEZEDIX

Apical segmental artery (1)
Anterosuperior
segmental artery (2)

Antero-inferior
/ segmental
artery (3)

\—/

segmental

artery (4)

Inferior
Right Kidney, segmental Right Kidney,
Anterior View artery (5) Posterior View

(A)

=== Posterior

== Apical
—= Anterosuperior === Inferior
=== Antero-inferior

11th and
12th ribs

Superior
/ pole

1 —— Suprarenal
e P
artery

SN — Renal
artery

Interlobar
artery

Inferior
pole
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FIGURE 2.85. Renal segments and segmental arteries. A. The five
renal segments and segmental renal arteries. (Numbers in parentheses
identify arteries in B.) B. Renal arteriogram (7-5, segmental renal arteries).
Although the veins of the kidney anastomose freely, segmental arteries

are end arteries. (B courtesy of Dr. E. L. Lansdown, Professor of Medical
Imaging, University of Toronto, Toronto, ON, Canada.)

The venous drainage of the suprarenal glands occurs via large
suprarenal veins. The short right suprarenal vein drains into
the IVC, whereas the longer left suprarenal vein, often joined
by the inferior phrenic vein, empties into the left renal vein.

Lymphatics of Kidneys, Ureters, and Suprarenal
Glands. The renal lymphatic vessels follow the renal veins
and drain into the right and left lumbar (caval and aortic)
lymph nodes (Fig. 2.86). Lymphatic vessels from the supe-
rior part of the ureter may join those from the kidney or pass
directly to the lumbar nodes. Lymphatic vessels from the
middle part of the ureter usually drain into the common iliac
lymph nodes, whereas vessels from its inferior part drain into
the common, external, or internal iliac lymph nodes.
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FIGURE 2.86. Lymphatics of kidneys and suprarenal glands. The lym- and parasympathetic)
phatic vessels of the kidneys form three plexuses: one in the substance of (A)

the kidney, one under the fibrous capsule, and one in the perirenal fat.

Four or five lymphatic trunks leave the renal hilum and are joined by ves-

sels from the capsule (arrows). The lymphatic vessels follow the renal vein

to the lumbar (caval and aortic) lymph nodes. Lymph from the suprarenal

glands also drains to the lumbar nodes. Lymphatic drainage of the ureters IML of T10 - L1

is also illustrated. The lumbar lymph nodes drain through the lumbar lym-
phatic trunks to the cisterna chyli.

The suprarenal lymphatic vessels arise from a plexus deep .
to the capsule of the gland and from one in its medulla. The .-t
lymph passes to the lumbar lymph nodes. Many lymphatic
vessels leave the suprarenal glands. .

Nerves of Kidneys, Ureters, and Suprarenal .

Glands. The nerves to the kidneys arise from the renal Paravertebral
nerve plexus and consist of sympathetic and parasympa- *+..e77e, ganglion Abdominopelvic gﬁa‘fzgﬁitgal
thetic fibers (Fig. 2.87B). The renal nerve plexus is sup- . / splanchnic .- ganglion
plied by fibers from the abdominopelvic (especially the least) e hewe .- R
splanchnic nerves. The nerves of the abdominal part of the 7777777 .
ureters derive from the renal, abdominal aortic, and superior N _ _
hypogastric plexuses (Fig. 2.87A).(Visceralvafferentufibers :)l;gxzin-artenal
and consequent distension) follow the sympathetic fibers A

retrograde to spinal ganglia and cord segments T11-1.2. Urc- \
teric pain is usually referred to the ipsilateral lower quadrant Medulla of

Presynaptic sympathetic
nerve fiber

of the anterior abdominal wall and especially to the groin (see suprarenal
the blue box “Renal and Ureteric Calculi,” p. 300). (B) gland

The rich nerve supply of the suprarenal glands is from the - g15uRE 2 87. Nerves of the kidneys and suprarenal glands. A. The
celiac Plexus and adeHlinOpelViC (greater, lesser, and leaSt> nerves of the kidneys and suprarenal glands are derived from the celiac
splanchnic nerves. Myelinated presynaptic sympathetic plexus, abdominopelvic (lesser and least) splanchnic nerves, and the
ﬁbers_majnly derived from the intermediolateral cell col- aorticorenal ganglion. The main efferent innervation of the kidney is vaso-

umn (IML), or lateral horn, of gray matter of the spinal cord motor, autonomic nerves supplying the afferent and efferent arterioles.
; ’ B. Exclusively in the case of the suprarenal medulla, the presynaptic

segments T10-Ll—traverse both the paravertebral and the sympathetic fibers pass through both the paravertebral and prevertebral

Prevertebral gangha, without synapse, to be distributed to ganglia without synapsing to end directly on the secretory cells of the supra-
the chromaffin cells in the suprarenal medulla (Flg 2.87B). renal medulla. IML, intermediolateral cell column.
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