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CHAPTER

The Head and Neck

58-year-old woman woke up one morning to find that the right side of her

face felt “peculiar and heavy.” On looking in the mirror, she saw that the

corner of her mouth on the right side was drooping and her right lower
eyelid seemed to be lower than her left. When she attempted to smile, the right side of
her face remained immobile and boardlike. While eating her breakfast, she noticed
that her food tended to stick on the inside of her right cheek. On taking her dog for a .
walk, she found to her amazement that she could not whistle for his return to her side;
her lips just would not pucker.

When examined by her physician, she was found to have paralysis of the muscles
of the entire right side of the face. She talked with a slightly slurred speech and her
blood pressure was very high. To make the diagnosis, the physician had to have
knowledge of the facial muscles, the laryngeal muscles, and their nerve supply. The fa-
cial paralysis, slurred speech, high blood pressure, and absence of any other abnormal
findings suggested a diagnosis of a left-sided cerebral hemorrhage (stroke), secondary
to high blood pressure. However, because a left-sided cerebral hemorrhage would
only cause paralysis of the muscles of the lower part of the right side of the face, this
was not the diagnosis.

This patient had paralysis of the muscles of the entire right side of the face; this
could only be caused by a lesion of the right facial nerve, which supplies the muscles.
Fortunately, this patient was suffering from Bell's palsy, the prognosis was excellent,
and she had a complete recovery.
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CHAPTER OBJECTIVE

Head injuries from blunt trauma and penetrating
missiles are associated with high mortality and
severe disability. Headaches are usually caused by
nonserious conditions such as sinusitis or neura-
lgia; however, they can represent the earliest man-
ifestations of a life-threatening disease.

Facial, scalp, and mouth injuries are commonly
encountered in practice and vary in seriousness
from a small skin laceration to major maxillofacial
trauma. Even an untreated boil on the side of the
nose can be life-threatening. Facial paralysis and
unequal pupils may indicate the existence of a
serious neurologic deficit.

Many vital structures are present in the neck.
Injuries or pressure on the larynx or trachea can
compromise the airway. Swellings can indicate the
existence of a tumor of the thyroid gland or the
presence of a malignant secondary lesion in a
lymph node.

Clearly, many signs and symptoms related to the
region of the head and neck are determined by the
anatomic arrangement of the various structures.
This chapter discusses the basic anatomy of this
complicated region and highlights the clinical rele-
vance of the structures considered. It specifically
excludes consideration of the detailed structure of
the brain, which is covered in a neurology text.



BASIC ANATOMY
The head and neck region of the body is one in which many
important structures are compressed into a relatively small
area. [tis an interesting region because it contains the brain,
the special sense organs, the cranial nerves, and branches of
the cervical plexus.

The Neck

The neck is the region of the body that lies between the
lower margin of the mandible above and the suprasternal
notch and the upper border of the clavicle below.

SKIN

The natural lines of cleavage of the skin are constant and
run almost horizontally around the neck. This is important
clinically because an incision along a cleavage line will heal
as a narrow scar, whereas one that crosses the lines will heal
as a wide or heaped-up scar. (For details, see p. 5.)

CUTANEOUS NERVES

The skin overlying the trapezius muscle on the back of the
neck, and that of the back of the scalp as high as the vertex,
is supplied segmentally by posterior rami of cervical nerves
2-5 (Fig. 11-1). The greater occipital nerve is a branch of
the posterior ramus of the second cervical nerve. The first
cervical nerve has no cutaneous branch.

The skin of the front and sides of the neck is supplied by
anterior rami of cervical nerves 2—4 through branches of the
cervical plexus. The branches emerge from beneath the pos-
terior border of the sternocleidomastoid muscle (Fig. 11-1).

The lesser occipital nerve (C2) hooks around the ac-
cessory nerve and ascends along the posterior border of the
sternocleidomastoid muscle to supply the skin over the lat-
eral part of the occipital region and the medial surface of the
auricle (Fig. 11-1).

The great auricular nerve (C2 and 3) ascends across
the sternocleidomastoid muscle and divides into branches
that supply the skin over the angle of the mandible, the
parotid gland, and on both surfaces of the auricle (Fig. 11-1).

The transverse cutaneous nerve (C2 and 3) emerges
from behind the middle of the posterior border of the stern-

ocleidomast: id muscle. It passes forward across that mus-
cle and divides into branches that supply the skin on the an-
terior and lateral surfaces of the neck, from the body of the
mandible to the sternum (Fig. 11-1).

The supraclavicular nerves (C3 and 4) emerge from
beneath the posterior border of the sternocleidomastoid
muscle and descend across the side of the neck. They pass
onto the chest wall and shoulder region, down to the level
of the second rib (Fig. 11-1). The medial supraclavicular
nerve crosses the medial end of the clavicle and supplies
the skin as far as the median plane. The intermediate supr-
aclavicular nerve crosses the middle of the clavicle and
supplies the skin of the chest wall. The lateral supraclav-
icular nerve crosses the lateral end of the clavicle and sup-
plies the skin over the shoulder and the upper half of the del-
toid muscle; this nerve also supplies the posterior aspect of
the shoulder as far down as the spine of the scapula.
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Figure 11-1 Sensory nerve supply to skin of the head and neck. Note that the skin over the.angl_e
of the jaw is supplied by the great auricular nerve (C2 and 3) and not by branches of the trigeminal

nerve.
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SUPERFICIAL FASCIA tdasmda Y A8laly @
The superficial fascia of the neck forms a thin layer that en-  «ddwll il dlasl _ali a3 ) dib gl el Bl ng

closes the platysma muscle. Also embedded in it are the cu- - Y o gl 1 s Fis ¢ z
g , ; . e, ¥ Jleyy L. A Ol ae abais
taneous nerves referred to in the previous section, the su- SR ¥ R Ry i W ged Hef

perficial veins, and the superficial lymph nodes. A Al ey
Non -1 Sy it Ao ) Alaal) ¢

PLATYSMA (FIG. 11-20) L Ly adas R4S Ll (55 Asde o8 ,Le -

The platysma muscle is a thin muscular sheet embedded in Al

the superficial fascia. Saball ¢ mell ddarll diaadl B e il Buld) Al Las oLl @

e Origin: From the deep fascia that covers the upper part S iy ) dlaa G

of the pectoralis major and deltoid muscles. Al e Mo A T s
e Insertion: It passes upward into the neck and is inserted ool A e i 5T 3 Fals ST

into the lower margin of the body of the mandible; some (sl J=-5 ibiaall L3841 OSUYI Jan of LS kit Ll
of the posterior fibers enter the face and blend with the an Johazm 3 i L il gyl e il e ek

muscle at the angle of the mouth. Below the chin, some ; . . T o e J
of the anterior fibers interlace with the muscle fibers of Bl U 3 1 | o Lo LY OuY

the opposite side. -t ol aall A AN e iandl
@ Nerve supply: Cervical branch of the facial nerve. 5T e N AR, BT 1 T Al s iy
@ Action: It depresses the mandible and also draws down ’f_"—ij S i ,.44-1‘5 & ,H_' LI‘JL_U“_L 5 Jenll 0
the lower lip and the angle of the mouth. - JaY
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Figure 11-2 Major superficial veins of the face and neck.
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SUPERFICIAL VEINS

The external jugular vein begins just behind the angle of
the mandible by the union of the posterior auricular vein
with the posterior division of the retromandibular vein (Fig.
11-2). It descends obliquely across the sternocleidomastoid
muscle and, just above the clavicle in the posterior triangle,
pierces the deep fascia and drains into the subclavian vein
(Fig. 11-11). It varies considerably in size, and its course ex-
tends from the angle of the mandible to the middle of the
clavicle.

Tributaries
The external jugular vein has the following tributaries:

1. Posterior auricular vein.

2. Posterior division of the retromandibular vein.

3. Posterior external jugular vein. This is a small vein that
drains the posterior part of the scalp and neck and joins
the external jugular vein about halfway along its course.

4. Transverse cervical vein.

. Suprascapular vein.

6. Anterior jugular vein,
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Figure 11-3 Cross section of the neck at the level of the sixth cervical vertebra.
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The anterior jugular vein begins just below the chin, by
the union of several small veins (Fig. 11-2). It runs down the
neck close to the midline. Just above the suprasternal notch,
the veins of the two sides are united by a transverse trunk
called the jugular arch. The vein then turns sharply iater-
ally and passes deep to the sternocleidomastoid muscle to
drain into the external jugular vein.

SUPERFICIAL LYMPH NODES

The superficial cervical lymph nodes lie along the exter-
nal jugular vein superficial to the sternacleidomastoid mus-
cle (Fig. 11-14). They receive lymph vessels from the occipi-
tal and mastoid lymph nodes (see p. 47) and drain into the
deep cervical lymph nodes.

DEEP CERVICAL FASCIA

The deep cervical fascia consists of areolar tissue that sup-
ports the muscles, vessels, and viscera of the neck (Fig. 11-
3). In certain areas it is condensed to form well-defined fi-
brous sheets called the investing layer, the pretracheal

layer, and the prevertebral layer. It is also condensed
around the carotid vessels to form the carotid sheath.
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The investing layer of deep cervical fascia com-
pletely encircles the neck, splitting to enclose the stern-
ocleidomastoid and trapezius muscles; it is attached poste-
riorly to the llgarnenturn nuchae (Fig. 11-3). It roofs over the
anterior and posterior triangles of the neck.

Superiorly, the fascia splits to enclose the submandibular
and parotid salivary glands, which it. provides with a strong
sheath (Fig. 11-21). Between the angle of the mandible and
the styloid process of the temporal bone, the fascial layer is
thickened to form the stylomandibular ligament (Fig.
11-25).

Inferiorly, the fascial layer is attached to the acromion,
the clavicle, and the manubrium sterni.

The thin pretracheal layer of deep cervical fascia
completely surrounds the thyroid gland, forming a sheath
for it, and binds the gland to the larynx (Fig. 11-12). It en-
closes the parathyroid glands and invests the infrahyoid
muscles.

The prevertebral layer of deep cervical fascia covers
the prevertebral muscles, namely, the longus capitis and
longus cervicis (Fig. 11-3). It passes around the neck to be
attached to the ligamentum nuchae and in the posterior tri-
angle forms the fascial floor. The interval between the phar-
ynx and the prevertebral fascia is called the retropharyn-
geal space.

Axillary Sheath

All the anterior rami of the cervical nerves that emerge in the
interval between the scalenus anterior and scalenus medius
muscles lie at first deep to the prevertebral fascia. As the sub-
clavian artery and the brachial plexus emerge in the interval
between the scalenus anterior and the scalenus medius
muscles, they carry with them a sheath of the fascia, which
extends into the axilla and is called the axillary sheath.

Carotid Sheath

The carotid sheath is a condensation of deep fascia in which
are embedded the common and internal carotid arteries,
the internal jugular vein, and the vagus nerve (Fig. 11-3). The
deep cervical group of lymph nodes form a chain along the
internal jugular vein and are also embedded in the sheath.

THE TRIANGLES OF THE NECK

The neck is divided into anterior and posterior triangles by
the sternocleidomastoid muscle; the anterior triangle lies in
front of the muscle and the posterior triangle lies behind it
(Figs. 114 and 11-5).

Sternocleidomastoid (Fig. 11-6)

The sternocleidomasteid is a straplike muscle that de-
scends obliquely across the side of the neck. It forms a
prominent surface landmark.

e Origin: By a rounded tendon from the front of the upper
part of the manubrium sterni and by a muscular head
from the medial third of the upper surface of the clavi-
cle.

o Insertion: The two heads join one another, and the mus-
cle is inserted into the mastoid process of the temporal
bone and the lateral part of the superior nuchal line of
the occipital bone.
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Figure 11-4 Anterior view of the neck of a 29-year-old woman. Important surface landmarks are
shown, and the boundaries of the anterior and posterior triangles are outlined.
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@ Nerve supply: The spinal part of the accessory nerve
and the anterior rami of the second and third cervical
nerves. The spinal part of the accessory nerve pierces the
deep surface of the muscle and emerges from its poste-
rior border. The cervical nerves are believed to be sen-
sory (proprioceptive).

® Action: Both muscles acting together extend the head at
the atlanto-occipital joint and flex the cervical part of the
vertebral column. The contraction of one muscle pulls
the ear down to the tip of the shoulder on the same side
and rotates the head so that the face looks upward to the
opposite side (i.e., it pulls the mastoid process of the
same side down toward the sternum).

If the head is fixed by contracting the prevertebral and
postvertebral muscles, the two sternocleidomastoid mus-
cles can act as accessory muscles of inspiration.

Posterior Triangle of the Neck

The posterior triangle of the neck is bounded anteriorly by
the posterior border of the sternocleidomastoid, posteriorly
by the anterior border of the trapezius, and inferiorly by the
middle third of the clavicle (Figs. 114, 11-5, and 11-6). The
triangle is covered by skin, superficial fascia, platysma, and
the investing layer of deep fascia. Running across the trian-
gle in this covering are the supraclavicular nerves.

The muscular floor of the triangle is covered by the pre-
vertebral layer of deep fascia. It is formed from above down-
ward by the semispinalis capitis, splenius capitis, levator
scapulae, and scalenus medius. A small part of the scalenus
anterior may be present, but it is usually overlapped and
hidden by the sternocleidomastoid muscle.

The inferior belly of the omohyoid subdivides the poste-
rior triangle into a large occipital triangle above and a small
supraclavicular triangle below.
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Figure 11-5 Muscular triangles of the neck.
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Omohyoid (Fig. 11-6)

Wwye 7
The omohyoid muscle has an inferior belly, an intermediaté\-\\ P A Lo

tendon, and a superior belly.

® Origin and Insertion: The inferior belly arises from the
upper margin of the scapula and the suprascapular liga-
ment. The inferior belly is a narrow, flat muscle that
passes upward and forward across the lower part of the
posterior triangle of the neck. It passes deep to the stern-
ocleidomastoid muscle and ends in the intermediate ten-
don. The intermediate tendon is held in position by a
loop of deep fascia that slings the tendon to the clavicle
and the first rib. The superior belly ascends almost ver-
tically in the anterior triangle of the neck and is inserted
into the lower border of the body of the hyoid bone.

e Nerve supply: Ansa cervicalis (C1, 2, and 3).

@ Action: Depresses the hyoid bone.

Contents of the Posterior Triangle

e Arteries: Subclavian artery (third part), superficial cervi-
cal artery, suprascapular artery, occipital artery.

e Veins: External jugular vein and its tributaries; subcla-
vian vein (occasionally).

e Nerves: Brachial plexus, spinal part of the accessory
nerve, branches of the cervical plexus.
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Figure 11-6 Posterior triangle of the neck.
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Third Part of the Subclavian Artery The subclavian artery is
divided into three parts by the scalenus anterior muscle,
which crosses the artery anteriorly (Fig. 11-13). The first part
of the artery extends from its origin (see p. 41 ) to the me-
dial border of the scalenus anterior. The second part lies
posterior to this muscle, and the third part extends from the
lateral border of the scalenus anterior to the outer border of
the first rib; here, the subclavian artery becomes the axillary
artery.

The third part of the subclavian artery enters the an-
teroinferior angle of the posterior triangle (Fig. 11-6) and dis-
appears behind the middle of the clavicle. Together with the
brachial plexus of nerves, it carries with it a sheath of fascia,
the axillary sheath, derived from the prevertebral layer of
deep cervical fascia.

Branches The third part of the subclavian artery usually
has no branches. (Occasionally the superficial cervical or
the suprascapular artery, or both, arises from the third part
of the subclavian artery.)
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Relations

e Anteriorly: At first, the artery is covered by the stern-
ocleidomastoid muscle. In the intermediate part of its
course, it is comparatively superficial, covered only by
skin and fascia, and its pulsations can easily be felt. The
terminal part of the artery descends behind the clavicle
(Fig. 11-6). The external jugular vein crosses the artery
and the subclavian vein lies below and in front of the
artery.

e Posteriorly: The lower trunk of the brachial plexus and
the scalenus medius (Fig. 11-6).

® Superiorly: The upper and middle trunks of the brachla%
plexus.

e Inferiorly: The upper surface of the first rib (Fig. 11-13).

Superficial Cervical Artery The superficial cervical artery
is a branch of the thyrocervical trunk, which is a branch of
the first part of the subclavian artery (Figs. 11-6 and 11-13). It
runs across the lower part of the posterior triangle and dis-
appears deep to the trapezius muscle.

Suprascapular Artery The suprascapular artery is also a
branch of the thyrocervical trunk (Fig. 11-13). It runs across
the lower part of the posterior triangle and follows the
suprascapular nerve into the supraspinous fossa and takes
part in the arterial anastomosis around the scapula.

Occipital Artery The occipital artery is a branch of the ex-
ternal carotid artery (Fig. 11-10). It enters the posterior trian-
gle at its superior angle, appearing between the sternoclei-
domastoid and the trapezius muscles (Fig. 11-6). The artery
then ascends in a tortuous course over the back of the scalp,
accompanied by the greater occipital nerve.

External Jugular Vein The external jugular vein is an im-
portant superficial vein in the neck and is described fully on
page 16 .

Subclavian Vein The subclavian vein lies below and in
front of the third part of the subclavian artery (Fig. 11-13),
behind the clavicle: it does not usually enter the posterior tri-
angle-of the neck. It lies on the upper surface of the first rib
in front of the subclavian artery and is a continuation of the
axillary vein.

Brachial Plexus The brachial plexus is formed from the
anterior rami of the fifth, sixth, seventh, and eighth cervical
nerves and from the first thoracic nerve (Fig. 11-7). It lies in
the anteroinferior angle of the posterior triangle (Fig. 11-6).
The plexus is divided into the roots, the trunks, the divisions,
and the cords. (See Fig. 9-14.)

The roots of the brachial plexus enter the posterior tri-
angle of the neck through the interval between the scalenus
anterier and scalenus medius muscles (Fig. 11-13). Together
with the subclavian artery, the plexus acquires a sheath, the
axillary sheath.

The trunks of the brachial plexus are formed as fol-
lows: The fifth and sixth cervical roots quickly unite to form
the upper trunk of the plexus. The seventh cervical root
continues as the middle trunk of the plexus. The eighth
cervical and first thoracic roots unite to form the lower
trunk of the plexus, which comes to lie behind the third
part of the subclavian artery (Fig. 11-6).

The divisions of the brachial plexus are formed by
each trunk dividing into anterior and posterior branches
(Fig. 11-7).
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Figure 11-7 Brachial plexus and its branches.
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The cords of the brachial plexus are formed as follows: =i gll ) S22 tb ST S aall § padall Jus L
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2., Branches from the trunks:

The suprascapular nerve arises from the upper trunk
of the brachial plexus (Fig. 11-6); it passes laterally and
downward and enters the supraspinous fossa of the
scapula through the suprascapular notch and supplies
the supraspinatus and infraspinatus muscles.

The nerve to the subclavius arises from the upper
trunk of the brachial plexus (Fig. 11-6); it passes down-
ward in front of the brachial plexus and the third part of
the subclavian artery and supplies the subclavius mus-
cle. The importance of this nerve clinically is that it may
contain accessory phrenic fibers, which join the
phrenic nerve in the superior mediastinum. (See ch

3 3

Accessory Nerve (Spinal Part) The spinal part of the ac-
cessory nerve enters the posterior triangle by emerging from
beneath the posterior border of the sternocleidomastoid
muscle, which it has supplied (Fig. 11-6). It runs downward
and laterally across the posterior triangle on the levator
scapulae muscle. It is accompanied by branches of the an-
terior rami of the third and fourth cervical nerves and is re-
lated to the superficial cervical lymph nodes. It leaves the tri-
angle by passing deep to the anterior border of the trapezius
muscle, which it supplies.

Branches of the Cervical Plexus The lesser occipital, great
auricular, transverse cutaneous, and supraclavicular nerves
are described on page 14 . The proprioceptive nerves to the
trapezius muscle from the anterior rami of the third and fourth
cervical nerves accompany the spinal part of the accessory
nerve across the posterior triangle to the muscle (Fig. 11-6).

Anterior Triangle of the Neck -

The anterior triangle of the neck is bounded anteriorly by
the midline of the neck, posteriorly by the anterior border of
the sternocleidomastoid, and superiorly by the lower mar-
gin of the body of the mandible (Figs. 114 and 11-8). The tri-
angle is covered by skin, superficial fascia, platysma, and
the investing layer of deep fascia. Running across the trian-
gle in this covering are the cervical branch of the facial
nerve and the transverse cutaneous nerve.

The anterior triangle can be subdivided into smaller tri-

angles by the anterior and posterior bellies of the digastric
muscle and the superior belly of the omohyoid muscle.

These triangles are called the submental, digastric (or sub-

mandibular), carotid, and muscular triangles (Fig. 11-5).

Digastric Muscle (Fig. 11-8)

The digastric muscle has a posterior belly, an intermediate
tendon, and an anterior belly.

@ Origin and Insertion: The posterior belly arises from
the medial surface of the mastoid process of the temporal
bone, passes downward and forward across the carotid
sheath, and ends in the intermediate tendon. The inter-
mediate tendon pierces the stylohyoid insertion and is
held in position by a loop of deep fascia, which binds the
tendon down to the junction of the body and greater
cornu of the hyoid bone. The anterior belly runs for-
ward and medially and is attached to the lower border of
the body of the mandible, near the median plane.

® Nerve supply: The posterior belly is supplied by the fa-
cial nerve and the anterior belly is supplied by the nerve
to the mylohyoid, which is a branch of the mandibular di-
vision of the trigeminal nerve.

® Action: Depresses the mandible or elevates the hyoid
bone.
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Figure 11-8  Anterior triangle of the neck.
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Figure 11-9 Styloid muscles, vessels, and nerves of the neck.
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Digastric Triangle

The digastric triangle lies below the body of the mandible
(Fig. 11-5). It is bounded anteriorly by the anterior belly of the
digastric and posteriorly by the posterior belly of the digastric
and the stylohyoid muscles. It is bounded above by the lower
border of the body of the mandible. The floor of the triangle
is formed by the mylohyoid and hyoglossus muscles.

The anterior part of the triangle contains the sub-

mandibular salivary gland (Fig. 11-97), with the facial artery
deep to it and the facial vein and submandibular lymph
nodes superficial to it. The hypoglossal nerve runs o the
hyoglossus muscle deep to the gland (Fig. 11-8); the nerve
and vessels to the mylohyoid muscle run on the inferior sur-
face of this muscle (Fig. 11-22).

. In the posterior part of the triangle lies the carotid sheath,
with the‘carotid arteries, internal jugular vein, and vagus
nerve (Figs. 11-3 and 11-8). The lower part of the parotid
gland projects into the triangie.
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Carotid Triangle

The carotid triangle lies behind the hyoid bone. It is
bounded superiorly by the posterior belly of the digastric, in-
feriorly by the superior belly of the omohyoid, and posteri-
orly by the anterior border of the sternocleidomastoid mus-
cle (Fig. 11-5). Its floor is formed by portions of the thyrohy-
oid, hyoglossus, and middle and inferior constrictor mus-
cles of the pharynx.

The triangle contains the carotid sheath, with the com-
mon carotid artery dividing within the triangle into internal
and external carotid arteries; numerous branches of the ex-
ternal carotid artery; the internal jugular vein and its tribu-
taries; the hypoglossal nerve with its descending branch; the
internal and external laryngeal nerves; the accessory and va-
gus nerves; and part of the chain of deep cervical lymph
nodes (Fig. 11-8).

The internal jugular vein tends to be overlapped by the
anterior border of the sternocleidomastoid muscle and is
therefore hidden from view.

Muscular Triangle

The muscular triangle lies below the hyoid bone. It is
bounded anteriorly by the midline of the neck, superiorly by
the superior belly of the omohyoid, and inferiorly by the an-
terior border of the sternocleidomastoid muscle (Fig. 11-5).
Its floor is formed by the sternohyoid and sternothyroid mus-
cles. Beneath the floor lie the thyroid gland, the larynx, the
trachea, and the esophagus (Fig. 11-8).

The sternohyoid, omohyoid, sternothyroid, and thyrohy-
oid are thin, straplike muscles that are collectively known as
the infrahyoid muscles. Together with the suprahyoid
muscles they stabilize the hyoid bone to provide a base for
the movements of the tongue. They also participate in the
movements of the larynx in swallowing.

Sternohyoid (Figs. 11-8 and 11-97)

e Origin: From the posterior surface of the manubrium
sterni.

® Insertion: The muscle runs upward and is inserted into
the lower border of the body of the hyoid bone.

e Nerve supply: Ansa cervicalis (C1, 2, and 3).

® Action: Depresses the hyoid bone.

Omohyoid The omohyoid muscle is described on page

20.

Sternothyroid (Fig. 11-8)

e Origin: From the posterior surface of the manubrium
sterni.

o Insertion: The muscle runs upward deep to the ster-
nohyoid, covering the lateral lobe of the thyroid gland. It
is inserted into the oblique line on the lamina of the thy-
roid cartilage.

e Nerve supply: Ansa cervicalis (C1, 2, and 3).

e Action: Depresses the larynx.

Thyrohyoid (Fig. 11-8)

e Origin: From the oblique line on the lamina of the thy-
roid cartilage.

@ Insertion: The muscle runs upward over the thyrohyoid
membrane and is inserted into the lower border of the
body of the hyoid bone.

@ Nerve supply: The first cervical nerve via a branch of 1he
hypoglossal nerve.

® Action: Depresses the hyoid bone or elevates the larynx.
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MAIN ARTERIES OF THE NECK (FIG. 11-10)

Common Carotid Artery

The right common carotid artery arises from the brachio-
cephalic artery behind the right sternoclavicular joint (Fig.
11-13). The left artery arises from the arch of the aorta’in the
superior mediastinum. (See chap 3) The common carotid
artery runs upward through the neck, from the sternoclavic-
ular joint to the upper border of the thyroid cartilage, where
it divides into the external and internal carotid arteries (Fig.
11-8). At its point of division, the terminal part of the com-
mon carotid artery or the beginning of the intemal carotid
artery shows a localized dilatation, called the carotid sinus
(Fig. 11-9). The tunica media of the sinus is thinner than else-
where, but the adventitia is relatively thick and contains nu-
merous nerve endings derived from the glossopharyngeal
nerve. The carotid sinus serves as a reflex pressoreceptor
mechanism: A rise in blood pressure causes a slowing of the
heart rate and vasodilatation of the arterioles.

The carotid body is a small structure that lies posterior
to the point of bifurcation of the common carotid artery
(Fig. 11:9). It is innervated by the glossopharyngeal nerve
and is a chemoreceptor, being sensitive to excess carbon
dioxide and reduced oxygen tension in the blood. Such a
stimulus reflexly produces a rise in blood pressure and heart
rate and an increase in respiratory movements.

The common carotid artery is embedded in the carotid
sheath throughout its course and is closely related to the in-
ternal jugular vein and vagus nerve (Fig. 11-3). Apart from
the two terminal branches, the common carotid
artery gives off no branches.

Relations

e Anterolaterally: The skin, the fascia, the sternocleido-
mastoid, the sternohyoid, the sternothyroid, and the su-
perior belly of the omohyoid (Fig. 11-8).

e Posteriorly: The transverse processes of the lower four
cervical vertebrae, the prevertebral muscles, and the
sympathetic trunk (Fig. 11-13). In the IOWGI part of the
neck are the vegtebral vessels.

e Medially: The larynx and pharynx and, below these, the
trachea and esophagus (Fig. 11-3). The lobe of the thyroid
gland also lies medially.

e Laterally: The internal jugular vein and, posterolaterally,
the vagus nerve (Fig. 11-3).

External Carotid Artery AR i BNz
The external carotid artery is one of the terminal branches
of the common carotid artery (Fig. 11-3). It supplies struc-
tures in the neck, face, and scalp; it also supplies the tongue
and the maxilla. The artery begins at the level of the upper
border of the thyroid cartilage and terminates in the sub-
stance of the parotid gland behind the neck of the mandible
by dividing into the superficial temporal and maxillary ar-
teries.

At its origin, where its pulsations can be felt, the artery
lies within the carotid triangle. At first it lies medial to the in-
ternal carotid artery, but as it ascends in the neck, it passes
backward and laterally. It is crossed by the posterior belly of
the digastric and the stylohyoid (Fig. 11-8).
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Relations

e Anterolaterally: The artery is overlapped at its begin-
ning by the anterior border of the sternocleidomastoid.
Above this level the artery is comparatively superficial,
being covered by skin and fascia. It is crossed by the hy-
poglossal nerve (Fig. 11-8), the posterior belly of the di-
gastric muscle, and the stylohyoid muscles. Within the
parotid gland it is crossed by the facial nerve (Fig. 11-21).
The internal jugular vein first lies lateral to the artery and
then posterior to it.

e Medially: The wall of the pharynx and the internal
carotid artery. The stylopharyngeus muscle, the glos-
sopharyngeal nerve, and the pharyngeal branch of the va-
gus pass between the external and internal carotid arter-
ies (Fig. 11-9).

For the relations of the external carotid artery in the
parotid gland, see page 65 .

Branches
The branches of the external carotid artery are as follows:

. Superior thyroid artery.

. Ascending pharyngeal artery.
. Lingual artery.

. Facial artery.

. Occipital artery.

. Posterior auricular artery.

. Superficial temporal artery.

. Maxillary artery.

00 ~1 M Ul B —

The superior thyroid artery arises from the external
carotid artery near its origin (Figs. 11-8 and 11-10). It passes
almost vertically downward to reach the upper pole of the
thyroid gland (Fig. 11-12). It gives off (a) a branch to the
sternocleidomastoid muscle and (b) the superior laryn-
geal artery, which pierces the thyrohyoid membrane with
the internal laryngeal nerve.

The ascending pharyngeal artery is a long, slender
vessel that ascends on the wall of the pharynx, which it sup-
plies.

The lingual artery arises from the external carotid
artery, opposite the tip of the greater cornu of the hyoid
bone (Figs. 11-8 and 11-10). It loops upward to enter the sub-
mandibular region. (See p. 87 .) The loop of the artery is
crossed superficially by the hypoglossal nerve. It supplies
the tongue.

The facial artery arises from the external carotid artery,
just above the level of the tip of the greater cornu of the hy-
oid bone (Figs. 11-8 and 11-10). It arches upward deep to
reach the posterior part of the submandibular salivary
gland. (See p. 86.) It supplies the face.

The occipital artery arises from the external caro{id
artery, opposite the facial artery (Figs. 11-8 and 11-10). |
passes upward and reaches the back of the scalp (Fig. 11-6)
Its terminal part accompanies branches of the greater oc-
cipital nerve to supply the back of the scalp.

The posterior auricular artery arises from the external
carotid artery, at the level of the upper border of the poste-
rior belly of the digastric (Figs. 11-8 and 11-10). It passes
backward to reach the auricle.

The superficial temporal artery (Figs. 118 and 11-10)
is described on page 52 .

The maxillary artery (Figs. 11-8 and 11-10) is described
on page 73.
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Figure 11-10  Main arteries of the head and neck. Note that for clarity the thy_rocervical trunk, the
costocervical trunk, and the internal thoracic artery, branches of the subclavian artery, are not

shown.
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Internal Carotid Artery

The internal carotid artery is one of the terminal branches of
the common carotid artery (Figs. 11-8 and 11-10). It supplies
the brain, the eye, the forehead, and part of the nose. The
artery begins at the level of the upper border of the thyroid
cartilage and ascends in the neck to the base of the skull. It
enters the cranial cavity through the carotid canal in the
petrous part of the temporal bone. (See p. 96 ) It lies em-
bedded in the carotid sheath with the internal jugular vein
and vagus nerve. At its beginning it lies superficially in the
carotid triangle and then ascends deep to the parotid gland
(Figs. 11-9 and 11-21). The internal carotid artery gives
off no branches in the neck.

Relations

® Anterolaterally: Bulow the digastric lie the skin, the
fascia, the anterior border of the sternocleidomastoid,
and the hypoglossal nerve (Fig. 11-8).

Above the digastric lie the stylohyoid muscle, the
stylopharyngeus muscle, the glossopharyngeal nerve, the
pharyngeal branch of the vagus, the parotid gland, and
the external carotid artery (Figs. 11-9 and 11-21).
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® Posteriorly: The sympathetic trunk (Fig. 11-9), the
longus capitis muscle, and the transverse processes of the
upper three cervical vertebrae.

e Medially: The pharyngeal wall and the superior laryn-
geal nerve.

e Laterally: The internal jugular vein and the vagus nerve.

MAIN VEINS OF THE NECK (FIG. 11-11)

The main veins of the neck that lie superficial to the deep
fascia of the neck, namely, the external and anterior jugular
veins, were described previously. .

Internal Jugular Vein AN

The internal jugular vein receives blood from the brain,
face, and neck. It begins at the jugular foramen in the skull
as a continuation of the sigmoid sinus. (See p.107) It de-
scends through the neck in the carotid sheath and unites
with the subclavian vein behind the medial end of the clav-
icle to form the brachiocephalic vein (Figs. 11-11and 11-13).

The vein has a dilatation at its upper end called the su-
perior bulb and another near its termination called the in-
ferior bulb. Directly above the inferior bulb is a blCUSpld
valve.

Relations

e Anterolaterally: The skin, the fascia, the sternocleido-
mastoid, and the parotid salivary gland. Its lower part is
covered by the sternothyroid, sternohyoid, and omohy-
oid muscles, which intervene between the vein and the
sternocleidomastoid (Fig. 11-8). Higher up, it is crossed
by the stylohyoid, the posterior belly of the digastric, and
the spinal part of the accessory nerve. The chain of deep
cervical lymph nodes runs alongside the vein.

e Posteriorly: The transverse processes of the cervical ver-
tebrae, the levator scapulae, the scalenus medius, the
scalenus anterior, the cervical plexus, the phrenic nerve,
the thyrocervical trunk, the vertebral vein, and the first
part of the subclavian artery (Fig. 11-13). On the left side
it passes in front of the thoracic duct.

e Medially: Above lie the internal carotid artery and the
ninth, tenth, eleventh, and twelfth cranial nerves. Below
lie the common carotid artery and the vagus nerve.

Tributaries

The inferior petrosal sinus, which assists in draining the
cavernous sinus, leaves the skull through the anterior part of
the jugular foramen and joins the internal jugular vein at the
superior bulb (Figs. 11-36 and 11-55).

The facial vein leaves the face and crosses superficially
over the submandibular salivary gland; it is joined by the an-
terior division of the retromandibular vein (Fig. 11-2). The
vein then crosses the carotid sheath and its contents and
joins the internal jugular vein.

The pharyngeal veins drain the pharyngeal venous
plexus and join the internal jugular vein.

The lingual vein drains into the internal jugular vein.

The superior thyroid vein leaves the superior pole of
the thyroid gland and drains into the internal jugular vein
(Fig. 11-12).

The middle thyroid vein leaves the lobe of the thyroid
gland and drains into the internal jugular vein (Fig. 11-12).

Occasionally, the occipital vein drains into the internal
jugular vein. More often, it joins the vertebral or posterior au-
ricular veins.
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Figure 11-11  Main veins of the head and neck.
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Branches of the Vagus Nerve in the Neck

The meningeal branch supplies the dura mater in the pos-
terior fossa of the skull.

The auricular branch supplies the medial surface of the
auricle, the floor of the external auditory meatus, and the ad-
jacent part of the tympanic membrane.

The pharyngeal branch contains motor fibers from the
cranial part of the accessory nerve (Fig. 11-9). It passes forward
between the internal and external carotid arteries to reach the
pharyngeal wall. It joins branches from the glossopharyngeal
nerve and the sympathetic trunk to form the pharyngeal
plexus. The pharyngeal nerve supplies all the muscles of the
pharynx except the stylopharyngeus (glossopharyngeal
nerve) and all the muscles of the soft palate except the tensor
veli palatini (mandibular division of the trigeminal nerve).

The superior laryngeal nerve runs downward and me-
dially behind the internal carotid artery (Figs. 11-8and 11-9). It
divides into internal and external laryngeal nerves.

The internal laryngeal nerve pierces the thyrohyoid
membrane, along with the superior laryngeal artery (Fig. 11-
8). It is a sensory nerve that supplies the floor of the piriform
fossa and the mucous membrane of the larynx down as far as
the vocal folds.

The external laryngeal nerve is a fine nerve that de-
scends in company with the superior thyroid artery (Fig. 11-
8). It passes deep to the thyroid gland and supplies the
cricothyroid muscle.

Two or three cardiac branches arise from the vagus as
it descends through the neck. They accompany the cardiac
branches of the sympathetic trunk and end in the cardiac
plexus in the thorax.

The right recurrent laryngeal nerve arises from the va-
gus as the latter crosses the first part of the subclavian artery
(Fig. 11-13). It hooks backward and upward behind the
artery and ascends in the groove between the trachea and
the esophagus. It passes deep to the lobe of the thyroid
gland and comes into close relationship with the inferior
thyroid artery. It passes beneath the lower border of the in-
ferior constrictor muscle and supplies all the muscles of the
larynx except the cricothyroid, which is supplied by the ex-
ternal laryngeal branch of the superior laryngeal nerve. The
nerve also supplies the mucous membrane of the larynx be-
low the vocal folds and the mucous membrane of the upper
part of the trachea.

The left recurrent laryngeal nerve arises from the vagus as
the latter crosses the arch of the aorta in the thorax. It hooks
around beneath the arch behind the ligamentum arterio-
sum (see Fig. 3-17) and ascends into the neck in the groove
between the trachea and the esophagus (See p. 41 )

See also the summary of cranial nerves, Table 114, page
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Accessory Nerve (Eleventh Cranial Nerve)

The accessory nerve is composed of motor fibers. It is
formed by the union of cranial and spinal roots. (See p.
112.) The cranial root is smaller and arises in the medulla
oblongata. The spinal roots arise from the upper five cervi-
cal segments of the spinal cord. The spinal roots unite to
form a trunk that ascends in the vertebral canal to enter the
skull through the foramen magnum (Fig. 11-94). Both the
cranial and spinal roots come together and pass through the
middle of the jugular foramen. (See p.100.)

The cranial root now separates from the spinal root and
joins the vagus at its inferior ganglion (Fig. 11-9). It is dis-
tributed mainly in the pharyngeal and recurrent laryngeal
branches of the vagus nerve.
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The spinal root runs downward and laterally and
crosses the internal jugular vein (Fig. 11-9). It then enters the
deep surface of the sternocleidomastoid, which it supplies.
The nerve emerges above the middle of the posterior border
of the sternocleidomastoid and crosses the posterior trian-
gle of the neck on the levator scapulae to supply the trapez-
ius muscle. (See p. 24.)

See also the summary of cranial nerves, Table 114, page

A S o bty JiB o (S 1 i L
A anll Gonall gl e oty 5 4911 Sy U
L Al dld) U e d;__l‘—u;.__JJ: dnt e o & 2
4 i) ] G il Aianl) e peall il Ll gy
(24 dmiall ) iy & sl
il 3411 J gl 3 il SlaeW) ol Cinf oo

118

Ghally (it pdie g:b\li Juadl —

118.



VA

Hypoglossal Nerve (Twelfth Cranial Nerve) " "1/ 4%
The hypoglossal nerve is the motor nerve to the tongue mus-
cles. It arises in the medulla oblongata and leaves the skull
through the hypoglossal canal in the occipital bone. (See p.
100.) It now comes into close relationship with the ninth,
tenth, and eleventh cranial nerves; the internal carotid
artery; and the internal jugular vein. It descends between
the internal carotid artery and the internal jugular vein until
it reaches the lower border of the posterior belly of the di-
gastric muscle, where it turns forward and medially (Fig. 11-
8). The nerve crosses the internal and external carotid arter-
ies and the loop of the lingual artery. It passes forward and
upward, deep to the digastric, the stylohyoid, and the poste-
rior margin of the mylohyoid muscles. Its further course in
the submandibular region is described on page 86. See
also Figure 11-94B.

In the upper part of its course, the hypoglossal nerve is
joined by a small branch from the cervical plexus (C1 and
sometimes C2). This branch later leaves the hypoglossal
nerve as its descending branch, the nerve to the thyro-
hyoid and the nerve to the geniohyoid.

Branches

The meningeal branch supplies the meninges in the pos-
terior cranial fossa.

The descending branch, which is composed of Cl
fibers, arises from the hypoglossal nerve as it curves forward
below the posterior belly of the digastric (Fig. 11-8). It de-
scends in front of the carotid sheath. It is joined by the de-
scending cervical nerve (C2 and 3) from the cervical plexus
to form a loop called the ansa cervicalis (Fig. 11-9).
Branches from the loop supply the omohyoid, sternohyoid,
and sternothyroid muscles.

The nerve to the thyrohyoid, which is composed of C1
fibers, descends to supply the thyrohyoid muscle (Fig. 11-8).

The muscular branches to the tongue are described on
page 86 . The nerve supply to the geniohyoid muscle,
which is composed of C1 fibers, is given off on the side of the
tongue.

See the summary of cranial nerves, Table 114, pagel18.

CERVICAL PART OF THE SYMPATHETIC TRUNK

The cervical part of the sympathetic trunk extends upward
to the base of the skull and below to the neck of the first rib,
where it becomes continuous with the thoracic part of the
sympathetic trunk. It lies directly behind the internal and
common carotid arteries (i.e., medial to the vagus) and is
embedded in deep fascia between the carotid sheath and
the prevertebral layer of deep fascia (Fig. 11-3).

The sympathetic trunk possesses three ganglia: the supe-
rior, middle, and inferior cervical ganglia.

Superior Cervical Ganglion

The superior cervical ganglion lies immediately below
the skull (Fig. 11-9).

Branches

1. The internal carotid nerve, consisting of postgan-
glionic fibers, accompanies the internal carotid artery
into the carotid canal in the temporal bone. It divides
into branches around the artery to form the internal
carotid plexus.

2. Gray rami communicantes to the upper four anterior
rami of the cervical nerves.
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. Arterial branches to the common and external carotid
arteries. These branches form a plexus around the arter-
ies and are distributed along the branches of the external
carotid artery.

4. Cranial nerve branches, which join the ninth, tenth,

and twelfth cranial nerves.

5. Pharyngeal branches, which unite with the pharyngeal
branches of the glossopharyngeal and vagus nerves to
form the pharyngeal plexus.

6. The superior cardiac branch, which descends in the

neck and ends in the cardiac plexus in the thorax. (See

chap 3)

Middle Cervical Ganglion

The middle cervical ganglion lies at the level of the cricoid
cartilage (Fig. 11-13).

Branches

1. Gray rami communicantes to the anterior rami of the
fifth and sixth cervical nerves.

2. Thyroid branches, which pass along the inferior thy-
roid artery to the thyroid gland.

3. The middle cardiac branch, which descends in the
neck and ends in the cardiac plexus in the thorax. (See
chap 3)

Inferior Cervical Ganglion

The inferior cervical ganglion in most people is fused with
the first thoracic ganglion to form the stellate ganglion. It
lies in the interval between the transverse process of the sev-
enth cervical vertebra and the neck of the first rib, behind
the vertebral artery (Fig. 11-13).

Branches

1. Gray rami communicantes to the anterior rami of the
seventh and eighth cervical nerves.

2. Arterial branches to the subclavian and vertebral arter-
ies.

3. The inferior cardiac branch, which descends to join
the cardiac plexus in the thorax. (Seechap 3

The part of the sympathetic trunk connecting the middle
cervical ganglion to the inferior or stellate ganglion is repre-
sented by two or more nerve bundles. The most anterior
bundle crosses in front of the first part of the subclavian
artery and then turns upward behind it. This anterior bundle
is referred to as the ansa subclavia (Figs. 11-9 and 11-13).

CERVICAL PLEXUS

The cervical plexus is formed by the anterior rami of the first
four cervical nerves. The rami are joined by connecting
branches, which form loops that lie in front of the origins of
the levator scapulae and the scalenus medius muscles (Fig.
11-13). The plexus is covered in front by the prevertebral
layer of deep cervical fascia and is related to the internal
jugular vein within the carotid sheath.

Branches

. Cutaneous. Lesser occipital, greater auricular, trans-
verse cutaneous, and supraclavicular. These are de-
scribed on page 14.
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2. Muscular branches to the neck muscles. Prevertebral
muscles, sternocleidomastoid (proprioceptive, C2 and
3), levator scapulae (C3 and 4), and trapezius (proprio-
ceptive, C3 and 4).

A branch from C1 joins the hypoglossal nerve. Some
of these C1 fibers later leave the hypoglossal as the de-
scending branch, which unites with the descending cer-
vical nerve (C2 and 3), to form the ansa cervicalis (Fig.
11-9). The first, second, and third cervical nerve fibers
within the ansa cervicalis supply the omohyoid, ster-
nohyoid, and sternothyroid muscles. Other C1 fibers
within the hypoglossal nerve leave it as the nerve to the
thyrohyoid and geniohyoid.

3. Nerve supply to the diaphragm. Phrenic nerve.

Phrenic Nerve

The phrenic nerve is the only motor nerve supply to the
diaphragm. It also contains sensory fibers and sympa-
thetic fibers. Although some of the sensory fibers are propri-
oceptive fibers for the muscle of the diaphragm, most sup-
ply the pleura and peritoneum covering the upper and
lower surfaces of the central part of the diaphragm. Other
sensory fibers supply the mediastinal pleura and the peri-
cardium. (Seechap 3)-

The phrenic nerve arises from the third, fourth, and fifth
cervical nerves of the cervical plexus. The nerve then runs
vertically downward across the front of the scalenus ante-
rior, behind the prevertebral layer of deep fascia (Fig. 11-
13). Because of the obliquity of the scalenus anterior mus-
cle, the nerve crosses the muscle from its lateral to its medial
border. The phrenic nerve enters the thorax by passing in
front of the subclavian artery and behind the beginning of
the brachiocephalic vein.

The further course of the phrenic nerve in the thorax is
described on ‘chap 3 .

Relations in the Neck

e Anteriorly: The prevertebral layer of deep fascia, the in-
ternal jugular vein, the superficial cervical and supras-
capular arteries, and, on the left side, the thoracic duct;
the beginning of the brachiocephalic vein (Fig. 11-13).

e Posteriorly: The scalenus anterior, the subclavian artery,
and the cervical dome of pleura.

The accessory phrenic nerve is described on page238§-

VISCERA OF THE NECK

Thyroid Gland

The thyroid gland consists of right and left lobes connected
by a narrow isthmus (Fig. 11-12). It is a vascular organ sur-
rounded by a sheath derived from the pretracheal layer of
deep fascia. The sheath attaches the gland to the larynx and
the trachea.

Each lobe is pear shaped, with its apex being directed up-
ward as far as the oblique line on the lamina of the thyroid
cartilage; its base lies below at the level of the fourth or fifth
tracheal ring.

The isthmus extends across the midline in front of the
second, third, and fourth tracheal rings (Fig. 11-12). A pyra-
midal lobe is often present, and it projects upward from the
isthmus, usually to the left of the midline. A fibrous or mus-
cular band frequently connects the pyramidal lobe to the
hyoid bone; if it is muscular, it is referred to as the levator
glandulae thyroideae (Fig. 11-12).
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Relations of the Lobes

e Anterolaterally: The sternothyroid, the superior belly of
the omohyoid, the sternohyoid, and the anterior border
of the sternocleidomastoid (Fig. 11-3).

e Posterolaterally: The carotid sheath with the common
carotid artery, the internal jugular vein, and the vagus
nerve (Fig. 11-3).

e Medially: The larynx, the trachea, the pharynx, and the
esophagus. Associated with these structures are the
¢ricothyroid muscle and its nerve supply, the external la-
ryngeal nerve. In the groove between the esophagus and
the trachea is the recurrent laryngeal nerve (Fig. 11-3).

The rounded posterior border of each lobe is related pos-

teriorly to the superior and inferior parathyroid glands (Fig.

11-12) and the anastomosis between the superior and infe-

rior thyroid arteries.
Relations of the Isthmus

e Anteriorly: The sternothyroids, sternohyoids, anterior
jugular veins, fascia, and skin.

o Posteriorly: The second, third, and fourth rings of the
trachea.
The terminal branches of the superior thyroid arteries

anastomose along its upper border.

Blood Supply

The arteries to the thyroid gland are (a) the superior thy-
roid artery, (b) the inferior thyroid artery, and sometimes (¢)
the thyroidea ima. The arteries anastomose profusely with
one another over the surface of the gland.

The superior thyroid artery, a branch of the external
carotid artery, descends to the upper pole of each lobe, ac-
companied by the external laryngeal nerve (Fig. 11-8).

The inferior thyroid artery, a branch of the thyrocervi-
cal trunk, ascends behind the gland to the level of the
cricoid cartilage (Fig. 11-13). It then turns medially and
downward to reach the posterior border of the gland. The re-
current laryngeal nerve crosses either in front of or behind
the artery, or it may pass between its branches.

The thyroidea ima, if present, may arise from the bra-
chiocephalic artery or the arch of the aorta. It ascends in
front of the trachea to the isthmus (Fig. 11-12).

The veins from the thyroid gland are (7) the superior thy-
roid, which drains into the internal jugular vein; (2) the mid-
dle thyroid, which drains into the internal jugular vein; and
(3) the inferior thyroid (Fig. 11-12). The latter vein receives its
tributaries from the isthmus and the lower poles of the gland.
The inferior thyroid veins of the two sides anastomose with
one another as they descend in front of the trachea. They
drain into the left brachiocephalic vein in the thorax.

Lymph Drainage

The lymph from the thyroid gland drains mainly laterally
into the deep cervical lymph nodes. A few lymph vessels de-
scend to the paratracheal nodes.

Development of the Thyroid Gland

The thyroid gland develops as an endodermal outgrowth
from the midline of the floor of the pharynx, between the tu-
berculum impar and the copula. Later, this thickening be-
comes a diverticulum called the thyroglossal duct. As de-
velopment continues, the duct elongates and its distal end
becomes bilobed. The duct becomes a solid cord and mi-
grates down the neck, passing anterior to, through, or pos-
terior to the developing hyoid bone. By the seventh week it
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reaches its final position in relation to the larynx and the tra-
chea. Meanwhile, the solid cord connecting the thyroid
gland to the tongue breaks up and disappears. The site of
origin of the thyroglossal duct on the tongue remains as a pit
called the foramen cecum. As a result of epithelial prolif-
eration, the bilobed terminal swellings of the thyroglossal
duct expand to form the thyroid gland.

Congenital Anomalies

Agenesis of the thyroid gland may occur and is the most
common cause of cretinism.

Incomplete descent of the thyroid gland may occur,
and the thyroid may be found at any point between the base
of the tongue and the trachea. Lingual thyroid is the most
common form of incomplete descent.

A thyroglossal cyst may appear during childhood or
adolescence or in young adults. It is caused by persistence
of a segment of the thyroglossal duct. Such a cyst occurs in
the midline of the neck at any point along the thyrog »ssal
tract.

Parathyroid Glands

The parathyroid glands are ovoid bodies measuring about 6
mm long in their greatest diameter. They are usually four in
number and are intimately related to the posterior border of
the thyroid gland, lying within its fascial capsule (Fig. 11-12).

The two superior parathyroid glands are the more
constant in position and lie at the level of the middle of the
posterior border of the thyroid gland.

The two inferior parathyroid glands usually lie close
to the inferior poles of the thyroid gland. They may lie within
the fascial sheath, embedded in the thyroid substance, or
outside the fascial sheath. Sometimes they are found some
distance caudal to the thyroid gland, in association with the
inferior thyroid veins; or they may even reside in the supe-
rior mediastinum.

Blood Supply

The arterial supply to the parathyroid glands is from the su-
perior and inferior thyroid arteries.

Trachea

The trachea is a mobile cartilaginous and membranous tube
(Fig. 11-40). It commences at the lower border of the cricoid
cartilage of the larynx and extends downward in the midline
of the neck (Figs. 1140 and 11-64). In the thorax it ends by
dividing into two main bronchi at the level of the disc be-
tween the fourth and fifth thoracic vertebrae. (See ch 3 )

Relations in the Neck

e Anteriorly: The skin, the fascia, the isthmus of the thy-
roid gland (in front of the second, third, and fourth rings),
the inferior thyroid veins, the jugular arch, the thyroidea
ima artery (if present), and the left brachiocephalic vein
in the child. It is overlapped by the sternothyroids and
sternohyoids (Fig. 11-3).

e Posteriorly: The right and left recurrent laryngeal
nerves, the esophagus, and the vertebral column (Fig. 11-
3).

e Laterally: The lobes of the thyroid gland (down as far as
the fifth or sixth ring) and the carotid sheath.
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Blood Supply in the Neck

The blood supply of the trachea in the neck is derived
-mainly from the inferior thyroid arteries.

Lymph Drainage in the Neck

The lymph vessels drain into the pretracheal and paratra-
cheal lymph nodes.
Nerve Supply in the Neck

The nerve supply is from the vagi, the recurrent laryngeal
nerves, and the sympathetic trunks.

Esophagus

The esophagus is a muscular tube about 10.inches (25 ¢m)
long, extending from the pharynx to the stomach (Figs. 11-
40 and 11-59). It begins at the level of the cricoid cartilage,
opposite the body of the sixth cervical vertebra. It com-
mences in the midline, but as it descends through the neck,
it inclines to the left side (Fig. 11-3). Its further course in the
thorax is described on chap 3 .

Relations in the Neck

® Anteriorly: The trachea; the recurrent laryngeal nerves
ascend, one on each side, in the groove between the tra-
chea and the esophagus (Fig. 11-3).

® Posteriorly: The prevertebral layer of deep cervical fas-
cia, the longus colli, and the vertebral column (Fig, 11-3).

® Laterally: On each side lie the lobe of the thyroid gland
and the carotid sheath (Fig. 11-3).

Blood Supply in the Neck

The arteries of the esophagus in the neck are derived from
the inferior thyroid arteries. The veins drain into the inferior
thyroid veins.

Lymph Drainage in the Neck
The lymph vessels drain into the deep cervical lymph nodes,
Nerve Supply in the Neck

The nerves are derived from the recurrent laryngeal nerves
and from the sympathetic trunks.

THE ROOT OF THE NECK

The root of the neck can be defined as the area of the neck
immediately above the inlet into the thorax (Fig. 11-13).

Scalenus Anterior (Fig. 11-13)

The scalenus anterior muscle is a key muscle to the under-

standing of the root of the neck (Fig. 11-13). It is deeply

placed and descends almost vertically from the vertebral

column to the first rib.

@ Origin: From the transverse processes of the third, fourth,
fifth, and sixth cervical vertebrae.

® Insertion: The fibers pass downward and laterally to be
inserted into the scalene tubercle on the inner border of
the first rib and into a ridge on the upper surface of the
first rib.

@ Nerve supply: From the anterior rami of the fourth, fifth,
and sixth cervical nerves.

® Action: It assists in elevating the first rib. When acting
from below, it laterally flexes and rotates the cervical part
of the vertebral column.

Because the muscle is an important landmark in the
neck, its relations should be understood.
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Relations

o Anteriorly: The prevertebral layer of deep cervical fgs
cia, which binds the phrenic nerve down to the anterior
surface of the muscle: the superficial cervical and supras-
capular arteries, which cross the phrenic nerve; and the
internal jugular and subclavian veins (Fig. 11-13).

@ Posteriorly: The subclavian artery, the brachial plexus,
and the cervical dome of the pleura.

e Medially: The vertebral artery and vein, the inferior thy-
roid artery, the thyrocervical trunk, the sympathetic
trunk, and, on the left side, the thoracic duct.

@ Laterally: The roots of the phrenic nerve unite at the lat-
eral border of the muscle at the level of the cricoid carti-
lage, before the nerve starts to descend on its anterior sur-
face. The roots of the brachial plexus and the subclavian
artery emerge from behind the lateral border of the mus-
cle to enter the posterior triangle of the neck.

Scalenus Medius (Fig. 11-13)

e Origin: From the transverse process of the atlas and the
transverse processes of the next five cervical vertebrae.

o Insertion: The muscle passes downward and laterally
and is inserted into the upper surface of the first rib be-
hind the groove for the subclavian artery. The muscle lies
behind the roots of the brachial plexus and behind the
subclavian artery.

e Nerve supply: Branches from the anterior rami of the
cervical nerves.

® Action: It assists in elevating the first rib. When acting
from below, it laterally flexes and rotates the cervical part
of the vertebral column.

Scalenus Posterior

The scalenus posterior muscle may be absent or blended
with the scalenus medius.

® Origin: From the transverse processes of the lower cervi-
cal vertebrae.

e Insertion: It is inserted into the outer surface of the sec-
ond rib.

e Nerve supply: Branches from the anterior rami of the
lower cervical nerves.

@ Action: It elevates the second rib. When active from be-
low, it laterally flexes the cervical part of the vertebral col-
umn.

For asummary of muscles of the neck, their nerve supply,
and their action, see Table 11-1.

Subclavian Artery

The right subclavian artery arises from the brachio-
cephalic artery, behind the right sternoclavicular joint (Figs.
11-10 and 11-13). It passes upward and laterally as a gentle
curve behind the scalenus anterior muscle, and at the outer
border of the first rib it becomes the axillary artery.

The left subclavian artery arises from the arch of the
aorta, behind the left common carotid artery. (See ch 3.) It
ascends to the root of the neck and then arches laterally in
a manner similar to that of the right subclavian artery.
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The subclavian artery is divided into three parts by the
presence of the scalenus anterior muscle.

First Part of the Subclavian Artery

The first part of the subclavian artery extends from its origin
to the medial border of the scalenus anterior (Fig. 11-13).

Relations

® Anteriorly: From medial to lateral are the common
carotid artery, the vagus nerve, and the internal jugular
vein. In addition, the cardiac branches of the vagus and
sympathetic nerves are present.

® Posteriorly: The dome of the cervical pleura, the apex of
the lung, and, on the right side, the right recurrent laryn-
geal netve.

Branches The branches of the first part of the subclavian
artery are as follows:

Vertebral Artery The vertebral artery arises from the up-
per margin of the subclavian artery and ascends in the neck
between the longus colli and the scalenus anterior muscles
(Fig. 11-13). It passes in front of the transverse process of the
seventh cervical vertebra and enters the foramen in the
transverse process of the sixth cervical vertebra (Fig. 11-
10). It then ascends through the foramina in the transverse
processes of the upper six cervical vertebrae. Having
emerged from the transverse process of the atlas, it curves
backward behind the lateral mass of the atlas. It then passes
medially, pierces the dura mater, and enters the vertebral
canal. The vertebral artery then ascends into the skull
through the foramen magnum to supply the brain. The fur-
ther course of the artery is described on page] [ 5.

Relations of the Vertebral Artery

e Anteriorly: The common carotid artery; on the left side,
it is crossed by the thoracic duct (Figs. 11-3 and 11-13).

® Posteriorly: The transverse process of the seventh cervi-
cal vertebra, the cervicothoracic sympathetic ganglion
(stellate ganglion), and the anterior rami of the seventh
and eighth cervical nerves.

As the artery ascends through the foramina in the trans-
verse processes, it lies in front of the anterior rami of the cer-
vical nerves (Fig. 11-3).

Branches Spinal and muscular branches arise from the
vertebral artery. The spinal branches enter the vertebral
canal through the intervertebral foramina.

Thyrocervical Trunk The thyrocervical trunk is a wide,
short trunk that arises from the front of the first part of the
subclavian artery, at the medial border of the scalenus ante-
rior muscle (Fig. 11-13). It gives off three branches: (7) the
inferior thyroid, (2) superficial cervical, and (3) supras-
capular arteries.

The inferior thyroid artery ascends along the medial
border of the scalenus anterior to the level of the cricoid car-
tilage (Fig. 11-13). It then turns medially and downward,
passing behind the carotid sheath. It then r2aches the pos-
terior border of the thyroid gland and is clozely related to
the recurrent laryngeal nerve.

The superficial cervical and suprascapular arteries
pass laterally across the scalenus anterior (Fig. 11-13) to en-
ter the posterior triangle of the neck (p. 22).
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?' Table 11-1 Muscles of the Neck

Name of Muscle Origin Insertion Nerve Supply Action
Platysma Deep fascia over Body of mandible Facial nerve cervical Depresses mandible
pectoralis and angle of branch and angle of
major mouth mouth
and deltoid
Sternocleidomastoid Manubrium Mastoid process Spinal part of Two muscles acting
sterni and of temporal bone accessory nerve together extend
medial third and occipital and C2and 3 head and flex neck;
of clavicle bone one muscle rotates
head to opposite
side
Digastric
Posterior belly Mastoid process Intermediate Facial nerve Depresses
of temporal tendon is held mandible or
bone to hyoid by elevates hyoid bone
fascial sling
Anterior belly Body of mandible Nerve to
mylohyoid
Stylohyoid Styloid process Body of hyoid bone Facial nerve Elevates hyoid bone
Mylohyoid Mylohyoid line of Body of hyoid Inferior alveolar Elevates floor of
body of bone and fibrous nerve mouth and
mandible raphe hyoid bone or
depresses mandible
Geniohyoid Inferior mental Body of hyoid First cervical Elevates hyoid bone or
spine of bone nerve depresses mandible
mandible
Sternchyoid Manubrium sterni Body of hyoid Ansa cervicalis; Depresses hyoid bone
and clavicle bone Cl,2,and3
Sternothyroid Manubrium sterni Oblique line on Ansa cervicalis; Depresses larynx
lamina of Cl,2,and 3
thyroid cartilage
Thyrohyoid Oblique line on Lower border of First cervical Depresses hyoid
lamina of body of hyoid nerve bone or elevates
thyroid cartilage bone larynx
Omohyoid -
Inferior belly Upper margin of Intermediate tendon Ansa cervicalis, Depresses hyoid bone
scapula and is held to clavicle Cl,2,and 3
suprascapular and first rib by
ligament fascial sling
Superior belly Lower border of
body of hyoid
bone
Scalenus anterior Transverse First rib C4,5 and 6 Elevates first rib;
processes of laterally flexes and
third, fourth, rotates cervical part
fifth, and sixth of vertebral column
cervical
vertebrae
Scalenus medius Transverse First rib Anterior rami of Elevates first rib;
processes cervical nerves laterally flexes and
of upper six rotates cervical part
cervical of vertebral column
vertebrae
Scalenus posterior Transverse Second rib Anterior rami of Elevates second rib;
processes of cervical nerves laterally flexes
lower cervical rotates cervical part
vertebrae of vertebral column

Ghally el pde ol Juaddl ——




Internal Thoracic Artery The internal thoracic artery arises
from the lower border of the first part of the subclavian
artery (Fig. 11-13). It enters the thorax by descending behind
the first costal cartilage in front of the pleura. It is crossed
obliquely by the phrenic nerve, from the lateral to the me-
dial side. The further course of the artery in the thorax is de-
scribed on chap 2.

Second Part of the Subclavian Artery

The second part of the subclavian artery lies behind the
scalenus anterior muscle.

Relations

® Anteriorly: The scalenus anterior muscle.
e Posteriorly: The dome of the cervical pleura and the
apex of the lung (Fig. 11-13).

Branch The branch of the second part of the subclavian
artery is as follows:

Costocervical Trunk The costocervical trunk arises from
the back of the second part of the subclavian artery and di-
vides into the superior intercostal and deep cervical arteries.

The superior intercostal artery gives rise to the poste-
rior intercostal arteries of the first and second intercostal
spaces. (Seech 2.)

The deep cervical artery passes backward to supply
the muscles of the back of the neck.

Third Part of the Subclavian Artery

The third part of the subclavian artery extends from the lat-
eral border of the scalenus anterior to the outer border of
the first rib. Here, it becomes the axillary artery (Fig. 11-13).
The third part of the subclavian artery is described on page
21.

Subclavian Vein

The subclavian vein begins at the outer border of the first rib
as a continuation of the axillary vein (Fig. 11-13). At the me-
dial border of the scalenus anterior it joins the internal jugu-
lar vein to form the brachiocephalic vein.

Relations

o Anteriorly: The clavicle.

o Posteriorly: The scalenus anterior muscle and the
phrenic nerve.

e Inferiorly: The upper surface of the first rib.

THORACIC DUCT

The thoracic duct begins in the abdomen at the upper end
of the cisterna chyli. (See chap 4.) It enters the thorax
through the aortic opening in the diaphragm and ascends
through the posterior mediastinum, inclining gradually to
the left. (See chap 3 On reaching the superior mediastinum,
it is found passing upward along the left margin of the
esophagus. At the root of the neck, it continues to ascend

along the left margin of the esophagus until it reaches the
level of the transverse process of the seventh cervical verte-
bra. Here, it bends laterally behind the carotid sheath (Fig.
11-13). On reaching the medial border of the scalenus ante-
rior, it turns downward and drains into the beginning of the
left brachiocephalic vein. It may, however, end in the termi-
nal part of the subclavian or internal jugular veins.
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Figure 11-14 Lymph drainage of the head and neck.
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LYMPH DRAINAGE OF THE HEAD AND NECK

The lymph nodes in the head and neck are made up of sev-
eral regional groups and a terminal group (Fig. 11-14). The
regional groups comprise the (7) occipital, (2) retroauricu-
lar (mastoid), (3) parotid, (4) buccal (facial), (5) sub-
mandibular, (6) submental, (7) anterior cervical, (§) super-
ficial cervical, () retropharyngeal, (70) laryngeal, and (71)
tracheal.

The terminal group of nodes receives all the lymph ves-
sels of the head and neck, either directly or indirectly, via
one of the regional groups. The terminal group is closely re-
lated to the carotid sheath and, in particular, to the internal
jugular vein and is referred to as the deep cervical group.
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Regional Groups of Lymph Nodes

The occipital lymph nodes are situated over the occipital
bone at the apex of the posterior triangle of the neck (Fig.
11-14). They receive lymph from the back of the scalp. The
efferent lymph vessels drain into the deep cervical lymph
nodes.

The retroauricular (mastoid) lymph nodes are situ-
ated over the lateral surface of the mastoid process of the
temporal bone (Fig. 11-14). They receive lymph from a strip
of scalp above the auricle and from the posterior wall of the
external auditory meatus. The efferent lymph vessels drain
into the deep cervical lymph nodes.

The parotid lymph nodes are situated on or within the
parotid salivary gland (Figs. 11-14 and 11-21). They receive
lymph from a strip of scalp above the parotid salivary gland,
from the lateral surface of the auricle and the anterior wall
of the external auditory meatus, and from the lateral parts of
the evelids. The nodes that are deeply placed in the parotid
salivary gland also receive lymph from the middle ear. The
efferent lymph vessels drain into the deep cervical lymph
nodes.

The buccal (facial) lymph nodes are situated over the
buccinator muscle, close to the facial vein (Fig. 11-14). They
lie along the course of lymph vessels that ultimately drain
into the submandibular nodes.

The submandibular lymph nodes are situated on the
superficial surface of the submandibular salivary gland, be-
neath the investing layer of deep cervical fascia (Fig. 11-14).
They can be palpated just below the lower border of the
body of the mandible. They receive lymph from a wide area,
including the front of the scalp; the nose and adjacent
cheek; the upper and lower lips (except the center part); the
frontal, maxillary, and ethmoid air sinuses; the upper and
lower teeth (except the lower incisors); the anterior two-
thirds of the tongue (except the tip); the floor of the mouth
and vestibule; and the gums. The efferent lymph vessels
drain into the deep cervical lymph nodes.

The submental lymph nodes are situated in the sub-
mental triangles between the anterior bellies of the digastric
muscles (Fig. 11-14). They receive lymph from the tip of the
tongue, the floor of the mouth beneath the tip of the tongue,
the incisor teeth and the associated gums, the center part of
the lower lip, and the skin over the chin. The efferent lymph
vessels drain into the submandibular and deep cervical
lymph nodes.

The anterior cervical lymph nodes are situated along
the course of the anterior jugular veins (Fig. 11-14). They re-
ceive lymph from the skin and superficial tissues of the front
of the neck. The efferent lymph vessels drain into the deep
cervical lymph nodes,

The superficial cervical lymph nodes are situated
along the course of the external jugular vein (Fig. 11-14).
They receive lymph from the skin over the angle of the jaw,
the skin over the apex of the parotid salivary gland, and the
lobe of the ear. The efferent lymph vessels drain into the
deep cervical lymph nodes.

The retropharyngeal lymph nodes are situated in the
retropharyngeal space, in the interval between the pharyn-
geal wall and the prevertebral fascia. They receive lymph
from the nasal part of the pharynx, the auditory tube, and
the upper part of the cervical vertebral column. The efferent
lymph vessels drain into the deep cervical lymph nodes.
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The laryngeal lymph nodes are situated in front of the
larynx on the cricothyroid ligament (Fig. 11- 14} One or two
small nodes may be found in front of the thyrohyoid mem-
brane. They receive lymph from adjacent structures, and
their efferent vessels drain into the deep cervical lymph
nodes.

The tracheal lymph nodes (Fig. 11-14) are situated lat-
eral to the trachea (paratracheal nodes) and in front of the
trachea (pretracheal nodes). They receive lymph from
neighboring structures, including the thyroid gland. The ef-
ferent lymph vessels draih into the deep cervical lymph
nodes.

Deep Cervical Lymph Nodes

The deep cervical lymph nodes form a chain along the
course of the internal jugular vein, from the skull to the root
of the neck (Fig. 11-14). They are embedded in the fascia of
the carotid sheath and the tunica adventitia of the internal
jugular vein; most lie on the anterolateral aspect of the in-
ternal jugular vein. Two of the nodes are often referred to
clinically and are called the jugulodigastric node and the
jugulo-omohyoid node. The jugulodigastric node lies
just below the posterior belly of the digastric muscle and is
located just below and behind the angle of the mandible. It
is chiefly concerned with the lymph drainage of the tonsil
and the tongue.

The jugulo-omohyoid node is related to the intermedi-
ate tendon of the omohyoid muscle and is associated
mainly with the lymph drainage of the tongue.

The deep cervical lymph nodes receive lymph from
neighboring structures and from all the other regional
lymph nodes in the head and neck. The efferent lymph ves-
sels join to form the jugular lymph trunk. This vessel
drains into the thoracic duct or the right lymph duct.
Alternatively,-it may drain into the subclavian lymph trunk
or independently into the brachiocephalic vein.

The Scalp

STRUCTURE

The scalp consists of five layers, the first three of which are
intimately bound together and move as a unit (Fig. 11-15).
To assist one in memorizing the names of the five layers of
the scalp, use each letter of the word SCALP to denote the
layer of the scalp.

1. Skin, which is thick and hair bearing and contains nu-
merous sebaceous glands.

2. Connective tissue beneath the skin, which is fibro-fatty,
the fibrous septa uniting the skin to the underlying
aponeurosis of the occipitofrontalis muscle (Fig. 11-15).
Numerous arteries and veins are found in this layer. The
arteries are branches of the external and internal carotid
arteries, and a free anastomosis takes place between
them.

3. Aponeurosis (epicranial), which is a thin, tendinous
sheet that unites the occipital and frontal bellies of the
occipitofrontalis muscle (Figs. 11-15 and 11-20). The lat-
eral margins of the aponeurosis are attached to the tem-
poral fascia.
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Figure 11-15 A. Coronal section of the upper part of the head showing the layers of the scalp, the
sagittal suture of the skull, the falx cerebri, the superior and inferior sagittal venous sinuses, the
arachnoid granulations, the emissary veins, and the relation of cerebral blood vessels to the sub-
arachnoid space. B. Sensory nerve supply and arterial supply to the scalp.

s o) sl g fead Jaing Aanandl (oagadll a0 g 8 g0 Gl sy (i O g slall £ 5all LIS) adiia L(A) :(15-11 Js)
ansll (B) AfgSial cad jall e Ldal 4y pa Lo ) ABble g Ay padiall 33, gY1 g A guinll clual) g il g (g glalh laaguall
Al Ay 5501 Ay 0 g (sl

The subaponeurotic space is the potential space be- =il &,l¢-b Sliw ot gy pS e sa iUl O
neath the epicranial aponeurosis. Itislimited in frontand ~ }$™ (3 azey cigd) LG dliandl p 2l il y ‘.L-S'l 3 ol
behind by the origins of the occipitofrontalis muscle, and ) el BUll TR e Voo sile
it extends laterally as far as the attachment of the aponeu- ks “ e S il
rosis to the temporal fascia. ~11 5y "’L“‘ij)'ﬁ«-&f“ﬁ L I Y @...;ll 4

4. Loose areolar tissue, which occupies the subaponeurotic 5, o el e M psey [y Dy ey §15
space (Fig. 11-15) and loosely connects the epicranial = i i ; : e i :
aponeurosis to the periosteum of the skull (the pericra- LB ol -2 J” ,’;HJ-' g Sy (“,”“J‘ Gloanr) Lomad)
nium). The areolar tissue contains a few small arteries, but ~ ediay .aalgll & L 2d) E:J,‘il oA ;}_"l“‘_‘r S5 a5 o

it also contains some important emissary veins. The |y Eajflb R | 5’)}_&_‘_&“5 lleall 251e 5 Y

emissary veins are valveless and connect the superficial . et R - o
veins of the scalp with the diploic veins of the skull bones Jg-““) il J—" > ,"'i.‘:‘_%ﬂh <y L‘-J,,""’"'J_"_'_f E“J_,Ul”' =l

and with the intracranial venous sinuses (Fig. 11-15). .(15-11

— Baally (el e Galodl Juadt! @




. Pericranium, which is the periosteum covering the outer
surface of the skull bones. It is important to remember
that at the sutures between individual skull bones, the pe-
riosteum on the outer surface of the bones becomes con-
tinuous with the periosteum on the inner surface of the
skull bones (Fig. 11-15).

MUSCLES OF THE SCALP

Occipitofrontalis (Fig. 11-20)

e Origin: It consists of four bellies, two occipital and two
frontal, connected by an aponeurosis. Each occipital
belly arises from the highest nuchal line on the occipital
bone and passes forward to be attached to the aponeuro-
sis. Each frontal belly arisés from the skin and superfi-
cial fascia of the eyebrow and passes backward to be at-
tached to the aponeurosis.

@ Nerve supply: The occipital belly is supplied by the pos-
terior auricular branch of the facial nerve; the frontal
belly is supplied by the temporal branch of the facial
nerve.

e Action: The first three layers of the scalp can be moved
forward or backward, the loose areolar tissue of the
fourth layer of the scalp allowing the aponeurosis to
move on the pericranium. The frontal bellies can raise the
eyebrows in expressions of surprise or horror.

w

SENSORY NERVE SUPPLY OF THE SCALP

The main trunks of the sensory nerves lie in the superficial
fascia. Moving laterally from the midline anteriorly, the fol-
lowing nerves are present:

The supratrochlear nerve, a branch of the ophthalmic
division of the trigeminal nerve, winds around the superior
orbital margin and supplies the scalp (Fig. 11-15). It passes
backward close to the median plane and reaches nearly as
far as the vertex of the skull.

The supraorbital nerve, a branch of the ophthalmic di-
vision of the trigeminal nerve, winds around the superior or-
bital margin and ascends over the forehead (Fig. 11-15). It
supplies the scalp as far backward as the vertex.

The zygomaticotemporal nerve, a branch of the max-
illary division of the trigeminal nerve, supplies the scalp
over the temple (Fig. 11-15).

The auriculotemporal nerve, a branch of the mandibu-
lar division of the trigeminal nerve, ascends over the side of
the head from in front of the auricle (Fig. 11-15). Its terminal
branches supply the skin over the temporal region.

The lesser occipital nerve, a branch of the cervical
plexus (C2), supplies the scalp over the lateral part of the oc-
cipital region (Fig. 11-15) and the skin over the medial sur-
face of the auricle.

The greater occipital nerve, a branch of the posterior
ramus of the second cervical nerve, ascends over the back
of the scalp and supplies the skin as far forward as the ver-
tex of the skull (Fig. 11-15).

ARTERIAL SUPPLY OF THE SCALP

The scalp has a rich supply of blood to nourish the hair fol-
licles, and, for this reason, the smallest cut bleeds profusely.
The arteries lie in the superficial fascia. Moving laterally
from the midline anteriorly, the following arteries are pre-
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The supratrochlear and the supraorbital arteries,
branches of the ophthalmic artery, ascend over the fore-
head in company with the supratrochlear and supraorbital
nerves (Fig. 11-15).

The superficial temporal artery, the smaller terminal
branch of the external carotid artery, ascends in front of the
auricle in company with the auriculotemporal nerve (Fig.
11-15). It divides into anterior and posterior branches, which
supply the skin over the frontal and temporal regions.

The posterior auricular artery, a branch of the exter-
nal carotid artery, ascends behind the auricle to supply the
scalp above and behind the auricle (Fig. 11-15).

The occipital artery, a branch of the external carotid
artery, ascends from the apex of the posterior triangle, in
company with the greater occipital nerve (Fig. 11-15). It sup-
plies the skin over the back of the scalp and reaches as high
as the vertex of the skull.

VENOUS DRAINAGE OF THE SCALP

The supratrochlear and supraorbital veins unite at the
medial margin of the orbit to form the facial vein.

The superficial temporal vein unites with the maxillary
vein in the substance of the parotid gland to form the retro-
mandibular vein (Fig. 11-21).

The posterior auricular vein unites with the posterior
division of the retromandibular vein, just below the parotid
gland, to form the external jugular vein (Fig. 11-11).

The occipital vein drains into the suboccipital venous
plexus, which lies beneath the floor of the upper part of the
posterior triangle; the plexus in turn drains into the vertebral
veins or the internal jugular vein.

The veins of the scalp freely anastomose with one an-
other and are connected to the diploic veins of the skull
bones and the intracranial venous sinuses by the valveless

emissary veins (Fig. 11-15).

LYMPH DRAINAGE OF THE SCALP

Lymph vessels in the anterior part of the scalp and forehead
drain into the submandibular lymph nodes (Fig. 11-14).
Drainage from the lateral part of the scalp above the ear is
into the superficial parotid (preauricular) nodes; lymph ves-

_ sels in the part of the scalp abeve and behind the ear drain
into the mastoid nodes. Vessels in the back of the scalp
drain into the occipital nodes.

The Face
DEVELOPMENT OF THE FACE

Early in development, the face of the embryo is represented
by an area bounded cranially by the neural plate, caudally
by the pericardium, and laterally by the mandibular process
of the first pharyngeal arch on each side (Fig. 11-16). In the
center of this area is a depression in the ectoderm known as
the stomodeum. In the floor of the depression is the buc-
copharyngeal membrane. By the fourth week, the buc-
copharyngeal membrane breaks down so that the sto-
meodeum communicates with the foregut.
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Figure 11-16 Different stages in development of the face.
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The further development of the face depends on the
coming together and fusion of several important processes,
namely, the frontonasal process, the maxillary pro-
cesses, and the mandibular processes (Fig. 11-16). The
frontonasal process begins as proliferation of mesenchyme
on the ventral surface of the developing brain, and this
grows toward the stomodeum. Meanwhile, the maxillary
process grows out from the upper end of each first arch and
passes medially, forming the lower border of the developing
orbit. The mandibular processes of the first arches now ap-
proach one another in the midline below the stomodeum
and fuse to form the lower jaw and lower lip (Fig. 11-16).

The olfactory pits appear as depressions in the lower
edge of the advancing frontonasal process, dividing it into a
medial nasal process and two lateral nasal processes.
With further development, the maxillary processes grow me-
dially and fuse with the lateral-nasal processes and with the
medial nasal process (Fig. 11-16). The medial nasal process
forms the philtrum of the upper lip and the premaxilla.
The maxillary processes extend medially, forming the upper
jaw and the cheek, and finally bury the premaxilla and fuse
in the midline. The various processes that ultimately form
the face unite during the second month.
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The upper lip is formed by the growth medially of the
maxillary processes of the first pharyngeal arch on each
side. Ultimately, the maxillary processes meet in the midline
and fuse with each other and with the medial nasal process
(Fig. 11-16). Thus, the lateral parts of the upper lip are
formed from the maxillary processes, and the medial part,
or philtrum from the medial nasal process, with contribu-
tions from the makxillary processes.

The lower lip is formed from the mandibular process of
the first pharyngeal arch on each side (Fig. 11-16). These
processes grow medially below the stomodeum and fuse in
the midline to form the entire lower lip.

The area of skin overlying the frontonasal process and its
derivatives receives its sensory nerve supply from the oph-
thalmic division of the trigeminal nerve, whereas the maxil-
lary division of the trigeminal nerve supplies the area of skin
overlying the maxillary process. The area of skin overlying
the mandibular process is supplied by the mandibular divi-
sion of the trigeminal nerve.

The muscles of facial expression are derived from mes-
enchyme of the second pharyngeal arch. The nerve supply
of these muscles is the nerve of the second pharyngeal arch,
namely, the seventh cranial nerve.

CONGENITAL ANOMALIES

Cleft upper lip may be confined to the lip or may be asso-
ciated with a cleft palate. The anomaly is usually unilateral
cleft lip and is caused by failure of the maxillary process to
fuse with the medial nasal process (Fig. 11-17). Bilateral
cleft lip is caused by the failure of both maxillary processes
to fuse with the medial nasal process, which then remains as
a central flap of tissue.

Oblique facial cleft is a rare condition in which the cleft
lip on one side extends to the medial margin of the orbit
(Fig. 11-17). This is caused by the failure of the maxillary pro-
cess to fuse with the lateral and medial nasal processes.

Cleft lower lip is rare. It is exactly central and is caused by
incomplete fusion of the mandibular processes (Fig. 11-17).

SKIN OF THE FACE

The skin of the face possesses numerous sweat and seba-
ceous glands. It is connected to the underlying bones by
loose connective tissue, in which are embedded the mus-
cles of facial expression. No deep fascia is present in the
face.

Wrinkle lines of the face result from the repeated folding
of the skin perpendicular to the long axis of the underlying
contracting muscles, coupled with the loss of youthful skin
elasticity. Surgical scars of the face are less conspicuous if
they follow the wrinkle lines.

SENSORY NERVES OF THE FACE

The skin of the face is supplied by branches of the three di-
visions of the trigeminal nerve, except for the small area
over the angle of the mandible and the parotid gland (Fig.
11-18), which is supplied by the great auricular nerve (C2
and 3). The overlap of the three divisions of the trigeminal
nerve is slight compared with the considerable overlap of
adjacent dermatomes of the trunk and limbs. The oph-
thalmic nerve supplies the region developed from the fron-
tonasal process; the maxillary nerve serves the region de-
veloped from the maxillary process of the first pharyngeal
arch; and the mandibular nerve serves the region developed
from the mandibular process of the first pharyngeal arch.
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These nerves not only supply the skin of the face but also
supply proprioceptive fibers to the underlying muscles of fa-
cial expression. They are, in addition, the sensory nerve sup-
ply to the mouth, teeth, nasal cavities, and paranasal air si-
nuses.

Ophthalmic Nerve

The ophthalmic nerve supplies the skin of the forehead, the
upper eyelid, the conjunctiva, and the side of the nose down
to and including the tip. Five branches of the nerve pass to
the skin.

1. The la¢rimal nerve supplies the skin and conjunctiva of
the lateral part of the upper eyelid (Fig. 11-18).

2. The supraorbital nerve winds around the upper margin
of the orbit at the supraorbital notch (Fig. 11-18). It di-
vides into branches that supply the skin and conjunctiva
on the central part of the upper eyelid; it also supplies the
skin of the forehead.

3. The supratrochlear nerve winds around the upper mar-
gin of the orbit medial to the supraorbital nerve (Fig. 11-
18). It divides into branches that supply the skin and con-
junctiva on the medial part of the upper eyelid and the
skin over the lower part of the forehead, close to the me-
dian plane.
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4. The infratrochlear nerve leaves the orbit below the pul-
ley of the superior oblique muscle. It supplies the skin
and conjunctiva on the medial part of the upper eyelid
and the adjoining part of the side of the nose (Fig. 11-18).

5. The external nasal nerve leaves the nose by emerging
between the nasal bone and the upper nasal cartilage. It
supplies the skin on the side of the nose down as far as
the tip (Fig. 11-18).

Maxillary Nerve

The maxillary nerve supplies the skin on the posterior part of
the side of the nose, the lower eyelid, the cheek, the upper
lip, and the lateral side of the orbital opening. Three
branches of the nerve pass to the skin.

1. The infraorbital nerve is a direct continuation of the
maxillary nerve. It enters the orbit and appears on the face
through the infraorbital foramen. It immediately divides
into numerous small branches, which radiate out from the
foramen and supply the skin of the lower eyelid and
cheek, the side of the nose, and the upper lip (Fig. 11-18).

[av]

. The zygomaticofacial nerve passes onto the face
through a small foramen on the lateral side of the zygo-
matic bone. It supplies the skin over the prominence of
the cheek (Fig. 11-18).

3. The zygomaticotemporal nerve emerges in the tempo-

ral fossa through a small foramen on the posterior surface

of the zygomatic bone. It supplies the skin over the tem-

ple (Fig. 11-18).

Mandibular Nerve

The mandibular nerve supplies the skin of the lower lip, the
lower part of the face, the temporal region, and part of the
auricle. It then passes upward to the side of the scalp. Three
branches of the nerve pass to the skin.

1. The mental nerve emerges from the mental foramen of
the mandible and supplies the skin of the lower lip and
chin (Fig. 11-18).

2. The buccal nerve emerges from beneath the anterior
border of the masseter muscle and supplies the skin over
a small area of the cheek (Fig. 11-18).

3. The auriculotemporal nerve ascends from the upper
border of the parotid gland between the superficial tem-
poral vessels and the auricle. It supplies the skin of the au-
ricle, the external auditory meatus, the outer surface of
the tympanic membrane, and the skin of the scalp above
the auricle (Fig. 11-18).

ARTERIAL SUPPLY OF THE FACE

The face receives a rich blood supply from two main vessels:
the facial and superficial temporal arteries, which are sup-
plemented by several small arteries that accompany the
sensory nerves of the face.

The facial artery arises from the external carotid artery
(Figs. 11-8 and 11-10). Having arched upward and over the
submandibular salivary gland, it curves around the inferior
margin of the body of the mandible at the anterior border of
the masseter muscle. It is here that the pulse can be eas-
ily felt (Fig. 11-99). It runs upward in a tortuous course to-
ward the angle of the mouth and is covered by the platysma
and the risorius muscles. It then ascends deep to the zygo-
maticus muscles and the levator labii superioris muscle and
runs along the side of the nose to the medial angle of the
eye, where it anastomoses with the terminal branches of the
ophthalmic artery (Fig. 11-18).
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Branches

1. The submental artery arises from the facial artery at the
lower border of the body of the mandible. It supplies the
skin of the chin and lower lip.

2. The inferior labial artery arises near the angle of the
mouth. It runs medially in the lower lip and anastomoses
with its fellow of the opposite side.

3. The superior labial artery arises near the angle of the
mouth. It runs medially in the upper lip and gives
branches to the septum and ala of the nose.

4. The lateral nasal artery arises from the facial artery
alongside the nose. It supplies the skin on the side and
dorsum of the nose.

The superficial temporal artery (Fig. 11-18), the
smaller terminal branch of the external carotid artery, com-
mences in the parotid gland. It ascends in front of the auri-
cle to supply the scalp. (See p 52 )

The transverse facial artery, a branch of the superficial
temporal artery, arises within the parotid gland. It runs for-
ward across the cheek just above the parotid duct (Fig. 11-
18).

The supraorbital and supratrochlear arteries,
branches of the ophthalmic artery, supply the skin of the
forehead (Fig. 11-18).

VENOUS DRAINAGE OF THE FACE

The facial vein is formed at the medial angle of the eye by
the union of the supraorbital and supratrochlear veins (Fig.
11-18). It is connected to the superior ophthalmic vein di-
rectly through the supraorbital vein. By means of the supe-
rior ophthalmic vein, the facial vein is connected to the cav-
ernous sinus (Fig. 11-36); this connection is of great clinical
importance because it provides a pathway for the spread of
infection from the face to the cavernous sinus. The facial
vein descends behind the facial artery to the lower margin
of the body of the mandible. It crosses superficial to the sub-
mandibular gland and is joined by the anterior division of
the retromandibular vein. The facial vein ends by draining
into the internal jugular vein.

Tributaries

The facial vein receives tributaries that correspond to the
branches of the facial artery. It is joined to the pterygoid ve-
nous plexus by the deep facial vein and to the cavernous
sinus by the superior ophthalmic vein.

The transverse facial vein joins the superficial tempo-
ral vein within the parotid gland.

LYMPH DRAINAGE OF THE FACE

Lymph from the forehe€ad and the anterior part of the face
drains into the submandibular lymph nodes (Fig. 11-19). A
few buccal lymph nodes may be present along the course of
these lymph vessels. The lateral part of the face, including
the lateral parts of the eyelids, is drained by lymph vessels
that end in the parotid lymph nodes. The central part of the
lower lip and the skin of the chin are drained into the sub-
mental lymph nodes.
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Figure 11-19 Bones of the front of the skull (A) and lymph drainage of the face (B).
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BONES OF THE FACE

The bones that form the front of the skull are shown dia-
grammatically in Figure 11-19. The superior orbital margins
and the area above them are formed by the frontal bone,
which contains the frontal air sinuses. The lateral orbital
margin is formed by the zygomatic bone and the inferior
orbital margin is formed by the zygomatic bone and the
maxilla. The medial orbital margin is formed above the
maxillary process of the frontal bone and below by the
frontal process of the maxilla.

The root of the nose is formed by the nasal bones, which
articulate below with the maxilla and above with the frontal
bones. Anteriorly, the nose is completed by upper and
lower plates of hyaline cartilage and small cartilages of the
ala nasi.

The important central bone of the middle third of the
face is the maxilla, containing its teeth and the maxillary air
sinus. The bone of the lower third of the face is the
mandible, with its teeth. A more detailed account of the
bones of the face is given in the discussion of the skull. (See
p. 87)
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MUSCLES OF THE FACE (MUSCLES OF FACIAL
EXPRESSION)

The muscles of the face are embedded in the superficial fas-
cia, and most arise from the bones of the skull and are in-
serted into the skin (Figs. 11-20 and 11-30). The orifices of
the face, namely, the orbit, nose, and mouth, are guarded by
the eyelids, nostrils, and lips, respectively. It is.the function
of the facial muscles to serve as sphincters or dilators of
these structures. A secondary function of the facial muscles
is to modify the expression of the face. All the muscles of the
face are developed from the second pharyngeal arch and
are supplied by the facial nerve.

Muscles of the Eyelids (Fig. 11-20)

The sphincter muscle of the eyelids is the orbicularis oculi,
and the dilator muscles are the levator palpebrae superioris
and the occipitofrontalis (Fig. 11-20). The levator palpebrae
superioris is in fact a muscle of the orbital cavity and is de-
scribed with these muscles on page 153. The occip-
itofrontalis forms part of the scalp and is described on page
51.

The origin, insertion, nerve supply, and action of the or-
bicularis oculi and the corrugator supercilii are shown in
Table 11-2.

Muscles of the Nostrils (Fig. 11-20)

The sphincter muscle is the compressor naris and the dilator
muscle is the dilator naris.

The origin, insertion, nerve supply, and action of the
compressor naris, the dilator naris, and the procerus are
shown in Table 11-2.

Muscles of the Lips and Cheeks

The sphincter muscle is the orbicularis oris. The dilator mus-
cles consist of a series of small muscles that radiate out from
the lips.

Sphincter Muscle of the Lips: Orbicularis Oris {Fig.
11-20)

e Origin and insertion: The fibers encircle the oral orifice
within the substance of the lips. Some of the fibers arise
near the midline from the maxilla above and the
mandible below, Other fibers arise from the deep surface
of the skin and pass obliquely to the mucous membrane
lining the inner surface of the lips. Many of the fibers are
derived from the buccinator muscle.

e Nerve supply: Buccal and mandibular branches of the
facial nerve.

@ Action: Compresses the lips together.

Dilator Muscles of the Lips (Fig. 11-20)

The dilator muscles radiate out from the lips, and their ac-
tion is to separate the lips; this movement is usually accom-
panied by separation of the jaws.

The muscles arise from the bones and fascia around the
oral aperture and converge to be inserted into the substance
of the lips. Traced from the side of the nose to the angle of
the mouth and then below the oral aperture, the muscles are
named as follows:

1. Levator labii superioris alaeque nasi.
2. Levator labii superioris.
3. Zygomaticus minor.
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Figure 11-20  Muscles of facial expression.
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L Table 11-2 Muscles of the Head

Name of Muscle

.Origin

Insertion

- NErve-Snpply .

Action

Muscle of Scalp
Occipitofrontalis
Occipital belly

Frontal belly

Highest nuchal line of
occipital bone

Skin and superficial fascia
of eyebrows

Muscles of Facial Expression

Orbicularis oculi
Palpebral part

Orbital part

Corrugator supercilii

Compressor nasi

Dilator naris
Procerus
Orbicularis oris

Medial palpebral ligament

Medial palpebral ligament
and adjoining bone

Superciliary arch

Frontal process of maxilla

Maxilla
Nasal bone
Maxilla, mandible, and skin

Dilator Muscles of Lips

Levator labii
superioris alaeque
nasi

Levator labii
superioris

Zygomaticus minor

Zygomaticus major

Levator anguli oris

Risorius

Depressor anguli
oris

Depressor labii
inferioris

Mentalis

Buccinator

Platysma

Epicranial aponeurosis

Lateral palpebral raphe

Loops return to origin

Skin of eyebrow

Aponeurosis.of bridge of
nose

Ala of nose

Skin between eyebrows

Encircles oral orifice

Arise from bones and fascia around oral aperture and

insert into substance of lips

Outer surface of alveolar margins of maxilla and
mandible and pterygomandibular ligament

See Table 11-1

Muscles of Mastication

Masseter

Temporalis

Lateral pterygoid

(two heads)

Medial pterygoid

Zygomatic arch

Floor of temporal fossa

Greater wing of sphenoid
and lateral pterygoid
plate

Tuberosity of maxilla and
lateral pterygoid plate

Lateral surface ramus of
mandible

Coronoid process of
mandible

Neck of mandible and
articular disc

Medial surface of angle
of mandible

Facial nerve

Facial nerve

Facial nerve

Facial nerve

Facial nerve

Facial nerve
Facial nerve
Facial nerve

Facial nerve

Facial nerve

Mandibular
division of
trigeminal
nerve

Mandibular
division of
trigeminal
nerve

Mandibular
division of
trigeminal
nerve

Mandibular
division of
trigeminal
nerve

Moves scalp on skull and
raises eyebrows

Closes eyelids and
dilates lacrimal sac
Throws skin around
orbit into folds to
protect eyeball
Vertical wrinkles of
forehead, as in
frowning
Compresses mobile
nasal cartilages
Widens nasal aperture
Wrinkles skin of nose
Compresses lips together

Separate lips

Compresses cheeks and
lips against teeth

Elevates mandible to
occlude teeth

Anterior and superior
fibers elevate
mandible; posterior
fibers retract mandible

Pulls neck of mandible
forward

Elevates mandible
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® Insertion: The muscle fibers pass forward, forming the
muscle layer of the cheek. The muscle is pierced by the
parotid duct. At the angle of the mouth the central fibers
decussate, those from below entering the upper lip and
those from above entering the lower lip; the highest and
lowest fibers continue into the upper and lower lips, re-
spectively, without intersecting. The buccinator muscle
thus blends and forms part of the orbicularis oris muscle.

e Nerve supply: Buccal branch of the facial nerve.

® Action: Compresses the cheeks and lips against the teeth.

The origin, insertion, nerve supply, and action of the
muscles of the lips and cheeks are shown in Table 11-2.

FACIAL NERVE

As the facial nerve runs forward within the substance of the
parotid salivary gland (see p. 65 ), it divides into its five ter-
minal branches (Fig. 11-18).

1. The temporal branch emerges from the upper border of
the gland and supplies the anterior and superior auricu-
lar muscles, the frontal belly of the occipitofrontalis, the
orbicularis oculi, and the corrugator supercilii.

2. The zygomatic branch emerges from the anterior bor-
der of the gland and supplies the orbicularis oculi.

3. The buccal branch emerges from the anterior border of
the gland below the parotid duct and supplies the bucci-
nator muscle and the muscles of the upper lip and nostril.

4. The mandibular branch emerges from the anterior bor-
der of the gland and supplies the muscles of the lower lip.

5. The cervical branch emerges from the lower border of
the gland and passes forward in the neck below the
mandible to supply the platysma muscle; it may cross the
lower margin of the body of the mandible to supply the
depressor anguli oris muscle.

The facial nerve is the nerve of the second pharyngeal
arch and supplies all the muscles of facial expression. It
does not supply the skin, but its branches communicate
with branches of the trigeminal nerve. It is believed that the
proprioceptive nerve fibers of the facial muscles leave the
facial nerve in these communicating branches and pass to
the central nervous system via the trigeminal nerve. A sum-
mary of the origin and distribution of the facial nerve is
shown in Figure 11-91.

Parotid Region

The parotid region comprises the parotid salivary gland and
the structures immediately related to it.

PAROTID GLAND

The paired parotid glands, together with the paired sub-
mandibular and sublingual glands and the numerous small
glands scattered throughout the mouth cavity, constitute the
salivary glands.

Type and Position of Gland

The parotid gland is the largest of the salivary glands and is
composed almost entirely of serous acini. It is situated be-
low the external auditory meatus and lies in a deep hollow
behind the ramus of the mandible and in front of the stern-
ocleidomastoid (Fig. 11-21).
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Shape, Lobes, and Processes of the Gland

As seen from the superficial surface, the parotid gland is
roughly wedge shaped, with its base above and its apex be-
hind the angle of the mandible (Fig. 11-21). If cut across in a
horizontal plane, it would also be found to be wedge
shaped, with its base in the lateral position and its apex
against the pharyngeal wall.

The facial nerve and its branches pass forward within the
parotid gland and divide it into superficial and deep parts,
or lobes (Fig. 11-21).

The superior margin of the gland extends upward behind
the temporomandibular joint into the posterior part of the
mandibular fossa. This part of the gland is called the
glenoid process.

The anterior margin of the gland extends forward super-
ficial to the masseter muscle to form the facial process. A
small part of the facial process may be separate from the
main gland and is called the accessory part of the gland
(Fig. 11-21).

The deep part of the gland may extend forward between
the medial pterygoid muscle and the ramus of the mandible
to form the pterygoid process.

Capsules of the Gland

The parotid gland is a lobulated mass surrounded by a con-
nective-tissue capsule. In addition, the gland is enclosed in
a dense fibrous capsule derived from the investing layer of
deep cervical fascia (Fig. 11-21).

Parotid Duct

The parotid duct passes forward over the lateral surface of
the masseter muscle 1 fingersbreadth below the zygomatic
arch (Fig. 11-21). At the anterior border of the muscle it turns
sharply medially and pierces the buccal pad of fat and the
buccinator muscle (Fig. 11-21). It then passes forward for a
short distance between the muscle and the mucous mem-
brane and finally opens into the vestibule of the mouth on a
small papilla, opposite the upper second molar tooth (Fig.
11-57). The oblique passage of the duct forward between the
mucous membrane and the buccinator serves as a valvelike
mechanism and prevents inflation of the duct system during
violent blowing (e.g., as in glass blowing or trumpet playing).
The accessory part of the gland is drained by a small duct
that opens into the upper border of the parotid duct.
Structures Within the Parotid Gland i)
The structures within the parotid gland, from lateral to me-
dial, are (a) the facial nerve, (b) the retromandibular vein,
and (c¢) the external carotid artery. Some members of the
parotid group of lymph nodes are also located within the
gland (Fig, 11-21).

The facial nerve emerges from the stylomastoid fora-
men and enters the gland (Fig. 11-21). It passes forward su-
perficial to the retromandibular vein and the external
carotid artery and divides into its five terminal branches.
The branches of nerve leave the gland on its anteromedial
surface (Fig. 11-18).

Branches of the facial nerve immediately before it enters
the parotid gland are (a) a muscular branch, which sup-
plies the posterior belly of the digastric and the stylohyoid
(Fig. 11-21), and (b) the posterior auricular nerve, which
ascends behind the ear and supplies the posterior and su-
perior auricular muscles and the occipital belly of the oc-
cipitofrontalis.
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The external carotid artery, having left the carotid tri-
angle by passing deep to the posterior belly of the digastric,
ascends and enters the substance of the parotid gland (Fig.
11-8). At the level of the neck of the mandible, it divides into
the superficial temporal artery and the maxillary artery.

The parotid group of lymph nodes are described on
page 48.

Relations of the Parotid Gland

The structures that are intimately related to the deep surface
of the gland are sometimes collectively referred to as the
parotid bed.

The relations of the parotid gland are as follows:

The superficial relations are the parotid lymph nodes,
fascia, great auricular nerve, and skin (Fig. 11-21).

The superior relations are the external auditory meatus
and the posterior surface of the temporomandibular joint
(Fig. 11-21).

The posteromedial relations are the mastoid process;
the sternocleidomastoid; the posterior belly of the digastric;
the styloid process and its attached muscles; the carotid

sheath with the internal carotid artery; the internal jugular’

vein; and the vagus, glossopharyngeal, accessory, hypoglos-
sal, and facial nerves (Fig. 11-21).

The anteromedial relations are the posterior border of
the ramus of the mandible, the temporomandibular joint,
the masseter, and the medial pterygoid muscle. At the union
of the anteromedial and posteromedial surfaces, the gland
lies in contact with the pharyngeal wall (Fig. 11-21).

Blood Supply

The external carotid artery and its terminal branches. The
veins drain into the retromandibular vein.

Lymph Drainage

The lymph vessels drain into the parotid lymph nodes and
the deep cervical lymph nodes.

Nerve Supply

Parasympathetic secretomotor fibers from the inferior sali-
vary nucleus of the ninth cranial nerve supply the parotid
gland. The nerve fibers pass to the otic ganglion via the tym-
panic branch of the ninth cranial nerve and the lesser pet-
rosal nerve. Postganglionic parasympathetic fibers reach
the parotid gland via the auriculotemporal nerve, which lies
in contact with the deep surface of the gland.

Postganglionic sympathetic fibers reach the gland as a
plexus of nerves around the external carotid artery.

MUSCLES OF MASTICATION

These consist of the masseter, temporalis, lateral pterygoid,
and medial pterygoid muscles (Fig. 11-26). The temporalis,
lateral pterygoid, and medial pterygoid muscles are de-
scribed in the next section.

Masseter (Fig. 11-21)

e Origin: From the lower border and medial surface of the
zygomatic arch.

e Insertion: Its fibers run downward and backward to be
attached to the lateral aspect of the ramus of the
mandible.

e Nerve supply: Mandibular division of the trigeminal
nerve.

@ Action: Raises the mandible to occlude the teeth in mas-
tication.
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The Temporal and Infratemporal Fossae

The temporal region is situated on the side of the head. The
temporal fossa is bounded above by the superior temporal
line on the side of the skull and below by the zygomatic arch
(Fig. 11-22).

The infratemporal fossa is situated beneath the base of
the skull, between the pharynx and the ramus of the
mandible (Fig. 11-23).

The temporal and infratemporal fossae communicate
with each other deep to the zygomatic arch.

CONTENTS OF THE TEMPORAL FOSSA

The temporal fossa is occupied by the temporalis muscle
and its covering fascia, the deep temporal nerves and ves-
sels, the auriculotemporal nerve, and the superficial tempo-
ral artery.

Temporalis (Fig. 11-22)

e Origin: The muscle is fan shaped and arises from the
bony floor of the temporal fossa and from the deep sur-
face of the temporal fascia.

@ Insertion: The muscle fibers converge to a tendon,
which passes deep to the zygomatic arch and is inserted
on the coronoid process of the mandible and the anterior
border of the ramus of the mandible.

e Nerve supply: Deep temporal nerves, which are
branches of the anterior division of the mandibular divi-
sion of the trigeminal nerve.

o Action: The anterior and superior fibers elevate the
mandible; the posterior fibers retract the mandible.

The temporal fascia covers the temporal muscle above
the zygomatic arch. It is attached above to the superior tem-
poral line and below to the upper border of the zygomatic
arch. Its deep surface gives origin to the temporalis muscle.

The deep temporal nerves are two in number and arise
from the anterior division of the mandibular nerve. (See p.
70.) They emerge from the upper border of the lateral
pterygoid muscle and enter the deep surface of the tempo-
ralis muscle (Fig. 11-22).

The auriculotemporal nerve, a branch of the posterior
division of the mandibular nerve (see p. 72 ), emerges from
the upper border of the parotid gland behind the temporo-
mandibular joint (Fig. 11-22). It crosses the root of the zygo-
matic arch behind the superficial temporal artery and in
front of the auricle. It is distributed to the skin of the auricle,
the external auditory meatus, and the scalp over the tempo-
ral region. (See p. 51.)

The superficial temporal artery, a terminal branch of
the external carotid artery, emerges from the upper border
of the parotid gland behind the temporomandibular joint
(Fig. 11-22). It crosses the root of the zygomatic arch in front
of the auriculotemporal nerve and the auricle. It is here that
its pulsations can be easily felt. It ascends onto the scalp and
divides into anterior and posterior divisions. (See p. 52.)

CONTENTS OF THE INFRATEMPORAL FOSSA

The infratemporal fossa is occupied by the lateral and me-
dial pterygoid muscles, the branches of the mandibular
nerve, the otic ganglion, the chorda tympani, the maxillary
artery, and the pterygoid venous plexus.
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Figure 11-22 Infratemporal and submandibular regions. Parts of the zygomatic arch, the ramus,
and the body of the mandible have been removed to display deeper structures.
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® Action: Pulls the neck of the mandible forward with the
articular disc during the process of opening the mouth.
Acting with the medial pterygoid of the same side, it pulls
the neck of the mandible forward with the articular disc,
causing the jaw to rotate around the opposite condyle, as
in the movement of chewing.

Medial Pterygoid (Fig. 11-22)

o Origin: The superficial head arises from the tuberosity
of the maxilla. The deep head arises from the medial sur-
face of the lateral pterygoid plate.

e Insertion: The fibers run downward and laterally and are
inserted into the medial surface of the angle of the
mandible.

® Nerve supply: Mandibular division of the trigeminal
nerve,

® Action: Assists in elevating the mandible.

The muscles of the head, their nerve supply, and their ac-
tions are summarized in Table 11-2.

Mandibular Division of the Trigeminal Nerve

The sensory and motor roots of the mandibular nerve
emerge from the skull through the foramen ovale in the
greater wing of the sphenoid bone (Fig. 11-23). Immediately
below the foramen, the small motor root of the mandibular
nerve unites with the large sensory root. The mandibular
nerve now descends and divides into a small anterior and a
large posterior division.

Branches From the Main Trunk

1. Ameningeal branch, which enters the skull through the
foramen ovale and supplies the meninges in the middle
cranial fossa.

2. The nerve to the medial pterygoid is a small branch
that supplies the medial pterygoid muscle (Fig. 11-23). It
gives off two branches, which pass without interruption
through the otic ganglion (see below) to supply the ten-
sor tympani and the tensor veli palatini.

Branches From the Anterior Division

The anterior division of the trigeminal nerve gives off three
motor branches and one sensory branch, the buccal
nerve.

1. The masseteric nerve runs laterally to supply the mas-
seter muscle (Fig. 11-22).

2. The two deep temporal nerves run upward and enter
the deep surface of the temporalis muscle (Fig. 11-22).

3. The nerve to the lateral pterygoid muscle enters the
deep surface of the muscle.

4. The buccal nerve is a sensory nerve that runs forward
and emerges on the cheek from beneath the anterior bor-
der of the masseter; it supplies the skin over the cheek
and the mucous membrane lining the cheek (Fig. 11-22).
(It does not supply the buccinator muscle, which is
supplied by the buccal branch of the facial nerve.)

Branches From the Posterior Division

The posterior division of the trigeminal nerve gives off two
sensory branches and one branch containing motor
fibers, the inferior alveolar nerve.
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Figure 11-23 Infratemporal and submandibular regions. Parts of the zygomatic arch, the ramus,
and the body of the mandible have been removed. Mylohyoid and lateral pterygoid muscles have
also been removed to display deeper structures. The outline of the sublingual gland is shown as a
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1. The auriculotemporal nerve arises by two roots that
embrace the middle meningeal artery (Fig. 11-23). The
nerve runs backward and then ascends behind the tem-
poromandibular joint in company with the superficial
temporal vessels. Its further course in the scalp is de-
scribed on page 52 . It receives postganglionic parasym-
pathetic secretomotor fibers from the otic ganglion (see
below), which it conveys to the parotid gland.

This nerve gives sensory branches to the skin of the au-
ricle, the external auditory meatus, the tympanic mem-
brane, the parotid gland, the temporomandibular joint, and
temporal branches to the skin of the scalp.

2. The lingual nerve runs downward anterior to the infe-
rior alveolar nerve (Figs. 11-22 and 11-23). It then passes
forward and medially (Fig. 11-23) beneath the lower bor-
der of the superior constrictor muscle of the pharynx, re-
lated laterally to the lower third molar tooth. The nerve
then runs forward on the lateral surface of the hyoglossus
in the submandibular region. (See p. 84 .) At the lower
border of the lateral pterygoid muscle, it is joined by the
chorda tympani nerve (Fig. 11-22); in addition, it fre-
quently receives a branch from the inferior alveolar
nerve.

3. The inferior alveolar nerve, which is made up of mo-
tor and sensory nerve fibers, descends on the lateral sur-
face of the sphenomandibular ligament (Fig. 11-22). It
then enters the mandibular canal through the mandibu-
lar foramen and runs forward below the teeth. Having
supplied the teeth of the lower jaw, it emerges through
the mental foramen to supply the skin of the face. (See p.
54)

The mylohyoid nerve, a branch of the inferior alveolar
nerve, arises from the inferior alveolar nerve just above the
mandibular foramen (Fig. 11-22). It runs forward on the me-
dial surface of the body of the mandible below the mylohy-
oid line. It lies superficial to the mylohyoid muscle (Fig. 11-
22), which it supplies; it also supplies the anterior belly of
the digastric muscle.

A communicating branch, which joins the lingual
nerve, is frequently given off by the inferior alveolar nerve,

Otic Ganglion

The otic ganglion is a small parasympathetic ganglion that is
functionally associated with the glossopharyngeal nerve. It
is situated just below the foramen ovale and is medial to the
mandibular nerve. The ganglion adheres to the nerve to the
medial pterygoid, but functionally it is completely separate
fromit.

The preganglionic parasympathetic fibers originate in
the inferior salivary nucleus of the glossopharyngeal nerve.
They leave the glossopharyngeal nerve by its tympanic
branch and then pass via the tympanic plexus and the lesser
petrosal nerve to the otic ganglion. Here, the fibers synapse,
and the postganglionic fibers leave the ganglion and join the
auriculotemporal nerve. They are conveyed by this nerve to
the parotid gland and serve as secretomotor fibers.
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Figure 11-24 Infratemporal and submandibular regions showing courses of the facial and lingual

arteries.
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Chorda Tympani

The chorda tympani is a branch of the facial nerve in the
temporal bone. (See p.154 and Fig. 11-91.) It enters the in-
fratemporal fossa through the petrotympanic fissure and
runs downward and forward to join the lingual nerve (Fig.
11-23). The nerve carries secretomotor preganglionic
parasympathetic fibers to the submandibular and sublin-
gual salivary glands. (See p. 85.) It also carries taste fibers
from the anterior two-thirds of the tongue and the floor of
the mouth. The cell bodies of the taste fibers are situated in

the sensory geniculate ganglion of the facial nerve (see p.
154), and they end by synapsing with cells of the nucleus
solitarius in the pons of the brain.

Maxillary Artery

The maxillary artery is the larger terminal branch of the ex-
ternal carotid artery (see p. 29 ) in the parotid gland. It
arises behind the neck of the mandible and runs upward
and forward, either superficial or deep to the lower head of
the lateral pterygoid. It then leaves the infratemporal fossa
by entering the pterygopalatine fossa. Its further course is de-
scribed on page]58.
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Branches in the Infratemporal Fossa

1. The inferior alveolar artery follows the inferior alveo-
lar nerve into the mandibular canal.

2. The middle meningeal artery is an important artery
that passes upward behind the mandibular nerve (Fig.
11-23). It is embraced by the two roots of origin of the au-
riculotemporal nerve. The artery enters the skull through
the foramen spinosum (Figs. 11-23 and 11-24). It is dis-
tributed to the meninges within the skull.

3. Small branches supply the lining of the external auditory
meatus and the tympanic membrane.

4. Numerous small muscular branches supply the muscles
of mastication.

Pterygoid Venous Plexus

The pterygoid venous plexus is a venous network associated
with the pterygoid muscles. It receives veins that correspond
to branches of the maxillary artery, and its posterior end is
drained by the maxillary vein. It communicates with the fa-
cial vein through the deep facial vein.

Maxillary Vein

The maxillary vein is a short vessel that drains the posterior
end of the pterygoid venous plexus. It runs backward with
the maxillary artery on the medial side of the neck of the
mandible and joins the superficial temporal vein within the
parotid gland to form the retromandibular vein (Fig.
11-21).

‘TEMPOROMANDIBULAR JOINT

Articulation

This occurs between the articular tubercle and the anterior
portion of the mandibular fossa of the temporal bone above
and the head (condyloid process) of the mandible below
(Fig. 11-25). The articular surfaces are covered with fibro-
cartilage.

Type of Joint

Synovial. The articular disc divides the joint into upper and
lower cavities (Fig. 11-26).

Capsule

The capsule surrounds the joint and is attached above to the
articular tubercle and the margins of the mandibular fossa
and below to the neck of the mandible.

Ligaments

The lateral temporomandibular ligament strengthens
the lateral aspect of the capsule, and its fibers run down-
ward and backward from the tubercle on the root of the zy-
goma to the lateral surface of the neck of the mandible (Fig.
11-25). This ligament limits the movement of the mandible
in a posterior direction and thus protects the external audi-
tory meatus.

The sphenomandibular ligament lies on the medial
side of the joint (Fig. 11-25). It is a thin band that is attached
above to the spine of the sphenoid bone and below to the
lingula of the mandibular foramen. It represents the remains
of the first pharyngeal arch in this region.

The stylomandibular ligament lies behind and medial
to the joint and some distance from it. It is merely a band of
thickened deep cervical fascia that extends from the apex of
the styloid process to the angle of the mandible (Fig. 11-25).
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The articular disc divides the joint into upper and lower
cavities (Fig. 11-26). It is an oval plate of fibrocartilage that
is attached circumferentially to the capsule. It is also at-
tached in front to the tendon of the lateral pterygoid muscle
and by fibrous bands to the head of the mandible, These
bands ensure that the disc moves forward and backward
with the head of the mandible during protraction and re-
traction of the mandible. The upper surface of the disc is
concavoconvex from before backward to fit the shape of
the articular tubercle and the mandibular fossa; the lower
surface is concave to fit the head of the mandible.

Synovial Membrane

This lines the capsule in the upper and lower cavities of the
joint (Fig. 11-26).

Nerve Supply

Auriculotemporal and masseteric branches of the mandibu-

lar nerve.
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Figure 11-26 Temporomandibular joint with mouth closed (A) and with the mouth open (B). Note
the position of the head of the mandible and articular disc in relation to the articular tubercle in
each case. C. The attachment of the muscles of mastication to the mandible; the arrows indicate

the direction of their actions.
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Movements

The mandible can be depressed or elevated, protruded or
retracted. Rotation can also occur, as in chewing. In the po-
sition of rest, the teeth of the upper and lower jaws are
slightly apart. On closure of the jaws, the teeth come into
contact.

Depression of the Mandible

As the mouth is opened, the head of the mandible rotates on
the undersurface of the articular disc around a horizontal
axis. To prevent the angle of the jaw impinging unnecessar-
ily on the parotid gland and the sternocleidomastoid mus-
cle, the mandible is pulled forward. This is accomplished by
the contraction of the lateral pterygoid muscle, which pulls
forward the neck of the mandible and the articular disc so
that the latter moves onto the articular tubercle (Fig. 11-26).
The forward movement of the disc is limited by the tension
of the fibroelastic tissue, which tethers the disc to the tem-
poral bone posteriorly.

Depression of the mandible is brought about by contrac-
tion of the digastrics, the geniohyoids, and the mylohyoids;
the lateral pterygoids play an important role by pulling the
mandible forward.

Elevation of the Mandible

The movements in depression of the mandible are reversed.
First, the head of the mandible and the disc move back-
ward, and then the head rotates on the lower surface of the
disc.

Elevation of the mandible is brought about by contrac-
tion of the temporalis, the masseter, and the medial ptery-
goids. The head of the mandible is pulled backward by the
posterior fibers of the temporalis. The articular disc is pulled
backward by the fibroelastic tissue, which tethers the disc to
the temporal bone posteriorly.

Protrusion of the Mandible

The articular disc is pulled forward onto the anterior tuber-
cle, carrying the head of the mandible with it. All movement
thus takes place in the upper cavity of the joint. In protru-
sion, the lower teeth are drawn forward over the upper
teeth, which is brought about by contraction of the lateral
pterygoid muscles of both sides, assisted by both medial
pterygoids.

Retraction of the Mandible

The articular disc and the head of the mandible are pulled
backward into the mandibular fossa. Retraction is brought
about by contraction of the posterior fibers of the tempo-
ralis.

Lateral Chewing Movements

These are accomplished by alternately protruding and re-
tracting the mandible on each side. For this to take place, a
certain amount of rotation occurs, and the muscles respon-
sible on both sides work alternately and not in unison.

The muscles of mastication are summarized in Table 11-
2. See also Figure 11-26.

Important Relations of the Temporomandibular Joint

e Anteriorly: The mandibular notch and the masseteric
nerve and artery (Fig. 11-22).

@ Posteriorly: The tympanic plate of the external auditory
meatus (Fig. 11-25) and the glenoid process of the parotid
gland.

e Laterally: The parotid gland, fascia, and skin (Fig. 11-21).

@ Medially: The maxillary artery and vein and the auricu-
lotemporal nerve.
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The Mandible

'T'hfé mandible consists of a horseshoe-shaped body and a
pair of_rami. The body of the mandible meets the ramus on
each side at the angle of the mandible (Fig. 11-27).

The body of the mandible, on its external surface in the
midline, has a faint ridge indicating the line of fusion of the
two halves during development at the symphysis menti.
The mental foramen can be seen below the second pre-
molar tooth; it transmits the terminal branches of the inferior
alveolar nerve and vessels.
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On the medial surface of the body of the mandible in the
median plane are seen the mental spines; these give origin
to the genioglossus muscles above and the geniohyoid mus-
cles below (Fig. 11-27). The mylohyoid line can be seen as
an oblique ridge that runs backward and laterally from the
area of the mental spines to an area below and behind the
third molar tooth. The submandibular fossa, for the su-
perficial part of the submandibular salivary gland, lies be-
low the posterior part of the mylohyoid line. The sublingual
fossa, for the sublingual gland, lies above the anterior part
of the mylohyoid line (Fig. 11-27).

The upper border of the body of the mandible is called
the alveolar part; in the adult it contains 16 sockets for the
roots of the teeth.

The lower border of the body of the mandible is called
the base. The digastric fossa is a small, roughened depres-
sion on the base, on either side of the symphysis menti (Fig.
11-27). It is in these fossae that the anterior bellies of the di-
gastric muscles are attached.

The ramus of the mandible is vertically placed and has
an anterior coronoid process and a posterior condyloid
process, or head; the two processes are separated by the
mandibular notch (Fig. 11-27).

On the lateral surface of the ramus are markings for the
attachment of the masseter muscle. On the medial surface is
the mandibular foramen, for the inferior alveolar nerve
and vessels. In front of the foramen is a projection of bone,
called the lingula, for the attachment of the spheno-
mandibular ligament (Fig. 11-27). The foramen leads into
the mandibular canal, which opens on the lateral surface
of the body of the mandible at the mental foramen. (See
above.) The incisive canal is a continuation forward of the
mandibular canal beyond the mental foramen and below
the incisor teeth.

The coronoid process receives on its medial surface the
attachment of the temporalis muscle. Below the condyloid
process, or head, is a short neck (Fig. 11-27).

The important muscles and ligaments attached to the
mandible are shown in Figure 11-27.

THE HYOID BONE

The hyoid bone is U shaped and consists of a body and two
greater and two lesser cornua (Fig. 11-27). It is attached to
the skull by the stylohyoid ligament and to the thyroid carti-
lage by the thyrohyoid membrane. It is mobile and lies in
the neck just above the larynx and below the mandible. The
hyoid bone forms a base for the tongue and is suspended in
position by muscles that connect it to the mandible, to the
styloid process of the temporal bone, to the thyroid carti-
lage, to the sternum, and to the scapula.

The important muscles attached to the hyoid bone are
shown in Figure 11-27.

The Submandibular Region

The submandibular region lies under cover of the body of
the mandible, between the mandible and the hyoid bone. It
contains the following structures:

e Muscles: Digastric, mylohyoid, hyoglossus, geniohyoid,
genioglossus, and styloglossus.
e Salivary glands: Submandibular and sublingual.
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@ Nerves: Lingual, glossopharyngeal, and hypoglossal.

o Parasympathetic ganglion: Submandibular.

o Blood vessels: Facial artery and vein and lingual artery
and vein.

e Lymph nodes: Submandibular group.

MUSCLES OF THE SUBMANDIBULAR REGION

Digastric (Fig. 11-28)
The digastric muscle is described on page 24.

Mylohyoid (Figs. 11-22 and 11-28)
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the whole length of the mylohyoid line of the mandible.

o Insertion: The fibers run downward and forward. The
posterior fibers are inserted into the body of the hyoid
bone; the anterior fibers are inserted into a fibrous raphe,
which extends from the symphysis menti to the body of
the hyoid bone.

e Nerve supply: Mylohyoid branch of the inferior alveolar
nerve.

® Action: The two mylohyoid muscles form a muscular
sheet that supports the tongue and the floor of the mouth.
When the mandible is fixed, they elevate the floor of the
mouth and the hyoid bone during the first stage of swal-
lowing. When the hyoid bone is fixed, it assists in the de-
pression of the mandible and the opening of the mouth.

Hyoglossus (Figs. 11-22 and 11-23)

@ Origin: From the upper border of the body and greater
cornu of the hyoid bone.

e Insertion: The muscle is quadrilateral and runs upward
deep to the mylohyoid muscle to enter the side of the
tongue. It ends when its fibers mix with those of other
muscles of the tongue.

e Nerve supply: Hypoglossal nerve.

® Action: Depresses the tongue.

Geniohyoid (Figs. 11-23 and 11-24)

@ Origin: From the inferior mental spine, behind the sym-
physis menti of the mandible.

e Insertion: It is a narrow muscle that lies above the mylo-
hyoid and is inserted onto the anterior surface of the body
of the hyoid bone. Its medial surface lies in contact with
the corresponding muscle of the opposite side.

e Nerve supply: First cervical nerve through the hypoglos-
sal nerve. (See p.36 .)

@ Action: Elevates the hyoid bone and draws it forward; or
depresses the mandible.

Genioglossus (Fig. 11-23)

® Origin: From the superior mental spine, behind the sym-
physis menti of the mandible.

@ Insertion: This fanshaped muscle widens as it extends
backward into the tongue. The superior fibers pass to the
tip of the tongue, and middle fibers pass to the dorsum of
the tongue, and a few of the inferior fibers are attached to
the body of the hyoid bone.

e Nerve supply: Hypoglossal nerve.

® Action: Draws the tongue forward and protrudes the
tip so that it points to the opposite side. The two mus-
cles acting in unison protrude the tongue in the midline
(Fig. 11-105).
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Styloglossus (Figs. 11-9 and 11-23)

e Origin: From the styloid process.

e Insertion: The fibers run downward and forward on the
lateral surface of the superior constrictor muscle. On
reaching the interval between the superior and middle
constrictor muscles, the styloglossus passes forward to en-
ter the side of the tongue.

e Nerve supply: Hypoglossal nerve.

® Action: Draws the tongue upward and backward.

SALIVARY GLANDS

Submandibular Gland

The paired submandibular glands, together with the paired
sublingual and parotid glands and the numerous small
glands scattered throughout the mouth cavity, constitute the
salivary glands.

Type and Parts of the Gland

The submandibular gland is a large salivary gland and is
composed of a mixture of serous and mucous acini, the for-
mer predominating. It lies partly under cover of the body of
the mandible and is made up of a large superficial part and
a small deep part, which are continuous with each other
around the posterior border of the mylohyoid muscle (Fig.
11-28).

The superficial part of the gland lies in the digastric tri-
angle, reaching upward under cover of the body of the
mandible.

Relations of the Superficial Part of the Gland

@ Anteriorly: The anterior belly of the digastric (Fig. 11-
28).

® Posteriorly: The stylohyoid, the posterior belly of the di-
gastric, and the parotid gland.

® Medially: The mylohyoid, the hyoglossus, and the lin-
gual and hypoglossal nerves (Fig. 11-22).

e Laterally: The gland lies in contact with the sub-
mandibular fossa on the medial surface of the mandible.
Inferolaterally, it is covered by the investing layer of deep
cervical fascia, the platysma muscle, and skin. It is
crossed by the cervical branch of the facial nerve and fa-
cial vein. The submandibular lymph nodes also lie lateral
to it.

The facial artery is related to the posterior and superior
aspects of the superficial part of the gland (Fig. 11-24).

The deep part of the gland extends forward in the in-
terval between the mylohyoid below and laterally and the
hyoglossus and styloglossus medially (Fig. 11-28). Its poste-
rior end is continuous with the superficial part of the gland
around the posterior border of the mylohyoid muscle; its an-
terior end reaches as far as the sublingual gland.

Relations of the Deep Part of the Gland

® Anteriorly: The sublingual gland (Fig. 11-28).

® Posteriorly: The stylohyoid, the posterior belly of the di-
gastric, and the parotid gland.

® Medially: The hyoglossus and styloglossus (Fig. 11-28).

e Laterally: The mylohyoid muscle and the superficial part
of the gland (Fig. 11-28).

® Superiorly: It is related superiorly to the lingual nerve
and the submandibular ganglion; it is covered by the mu-
cous membrane of the floor of the mouth.

e Inferiorly: The hypoglossal nerve.
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Figure 11-28 A, Submandibular and sublingual salivary glands (lateral view). B. Coronal section
through the superficial and deep parts of the submandibular salivary glands. C. Coronal section
(anterior to B) through the sublingual salivary glands and the ducts of the submandibular salivary
glands.
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Capsules of the Gland

The submandibular gland is a lobulated mass, surrounded
by a connective-tissue capsule. In addition, the gland is
partly enclosed in a dense fibrous capsule derived from the
investing layer of deep cervical fascia.

Submandibular Duct

The submandibular duct emerges from the anterior end of
the deep part of the gland (Fig. 11-28). It passes forward
along the side of the tongue, beneath the mucous mem-
brane of the floor of the mouth. It is crossed laterally by the
lingual nerve and then lies between the sublingual gland
and the genioglossus muscle (Fig. 11-23). It opens into the
mouth on the summit of a small papilla, which is situated at
the side of the frenulum of the tongue (Fig. 11-57).

Clinically, it is important to remember that the sub-
mandibular duct and the deep part of the gland can be read-
ily palpated through the mucous membrane of the floor of
the mouth alongside the tongue. Saliva can usually be seen
emerging from the orifice of the duct.

Blood Supply

The arteries are branches of the facial and lingual arteries.
Tlie veins drain into the facial and lingual veins.

Lymph Drainage

The lymph vessels drain into the submandibular and deep
cervical lymph nodes.

Nerve Supply

Parasympathetic secretomotor supply from the superior
salivary nucleus of the seventh cranial nerve. The nerve
fibers pass to the submandibular ganglion and other small
ganglia close to the duct via the chorda tympani nerve and
the lingual nerve. Postganglionic parasympathetic fibers
reach the gland either directly or along the duct.
Postganglionic sympathetic fibers reach the gland as a
plexus of nerves around the facial and lingual arteries.

Sublingual Gland

Type and Location

The sublingual gland is the smallest of the three main sali-
vary glands (Fig. 11-28). It contains both serous and mucous
acini, the latter predominating. It lies beneath the mucous
membrane of the floor of the mouth, close to the midline.

Relations

@ Anteriorly: The gland of the opposite side.

® Posteriorly: The deep part of the submandibular gland
(Fig. 11-28).

e Medially: The genioglossus muscle, the lingual nerve,
and the submandibular duct (Fig. 11-23).

e Laterally: The gland is related laterally to the sublingual
fossa of the medial surface of the mandible.

® Superiorly: The mucous membrane of the floor of the
mouth, which is elevated by the gland to form the sub-
lingual fold (Fig. 11-57).

e Inferiorly: The gland is supported by the mylohyoid
muscle (Fig. 11-28).

Sublingual Ducts

The sublingual ducts are 8 to 20 in number. Most open into
the mouth on the summit of the sublingual fold (Fig. 11-57),
but a few may open into the submandibular duct.
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Blood Supply

The gland is supplied by branches of the facial and lingual
arteries. The veins drain into the facial and lingual veins.

Lymph Drainage

The lymph vessels drain into the submandibular and deep
cervical lymph nodes.

Nerve Supply

Parasympathetic secretomotor supply from the superior sali-
vary nucleus of the seventh cranial nerve. The nerve fibers
pass to the submandibular ganglion via the chorda tympani
nerve and the lingual nerve. Postganglionic parasympa-
thetic fibers pass to the gland via the lingual nerve.
Postganglionic sympathetic fibers reach the gland as a
plexus of nerves arcund the facial and lingual arteries.

NERVES OF THE SUBMANDIBULAR REGION

Lingual Nerve

The lingual nerve is a branch of the posterior division of the
mandibular nerve in the infratemporal fossa. (See p. 72.) It

enters the submandibular region by passing forward and
medially beneath the lower border of the superior constric-
tor muscle of the pharynx, related laterally to the lower
third molar tooth (Fig. 11-22). The nerve then passes for-
ward on the lateral surface of the hyoglossus muscle (Fig.
11-23). It crosses the lateral surface of the submandibular
duct, and then, winding below it, passes upward and for-
ward on its medial side (Fig. 11-23). The nerve now lies un-
der cover of the sublingual gland on the lateral surface of
the genioglossus muscle. It ends by dividing into terminal
branches, which supply the mucous membrane of the ante-
rior two-thirds of the tongue and the floor of the mouth.

The lingual nerve is joined by the chorda tympani nerve
in the infratemporal fossa. (See p. 72 .)

Branches

e Ganglionic branches. Parasympathetic secretomotor
fibers from the superior salivary nucleus of the seventh
cranial nerve join the lingual nerve from the chorda tym-
pani (Fig. 11-23). The preganglionic fibers leave the lin-
gual nerve, and most pass to the submandibular ganglion;
others pass to other smaller ganglia in the region.
Postganglionic fibers pass to the submandibular salivary
gland. Fibers passing to the sublingual gland do so di-
rectly or via branches of the lingual nerve.

® Sensory branches. The terminal branches of the lingual
nerve are distributed to the mucous membrane of the an-
terior two-thirds of the tongue and the floor of the mouth
and the lingual surface of the gums (the circumvallate
papillae of the tongue are supplied by the glossopharyn-
geal nerve). Common sensation passes to the central ner-
vous system via the mandibular and trigeminal nerves.
The special taste fibers leave the lingual nerve in the
chorda tympani and reach the central nervous system in
the facial nerve.

o Communicating branches. These connect the nerve to
the hypoglossal nerve on the side of the tongue.
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Submandibular Ganglion

The submandibular ganglion is a small parasympathetic
ganglion situated on the lateral surface of the hyoglossus
muscle (Fig. 11-23). It lies below the lingual nerve and is
connected to the nerve by several branches; other branches
pass to the submandibular salivary gland.

Preganglionic parasympathetic fibers reach the ganglion
from the superior salivary nucleus of the seventh cranial
nerve via the chorda tympani and lingual nerves. The pre-
ganglionic fibers synapse within the ganglion, and the post-
ganglionic fibers pass to the submandibular salivary gland,
to which they are secretomotor. Other postganglionic secre-
tomotor fibers pass to the sublingual salivary gland and
small salivary glands in the mouth by returning to the lingual
nerve and traveling with the branches of the nerve to reach
the glands.

A few postganglionic sympathetic fibers pass without in-
terruption through the ganglion and are vasomotor to the
blood vessels of the glands.

Smaller parasympathetic ganglia are also present in this
region. They have similar connections and are found along
the submandibular duct or in the substance of the sub-
mandibular gland.

Glossopharyngeal Nerve

The glossopharyngeal nerve descends in the neck within the AN SLA ) .’\ \fk\

carotid sheath (Fig. 11-9). It then winds forward around the
stylopharyngeus muscle and passes between the superior
and middle constrictor muscles (Fig. 11-23). The lingual
branch of the nerve (see below) enters the submandibular
region.

Branches

e The tympanic branch is described on pagel 54.

e The carotid branch to the carotid sinus and carotid
body is described on page 28.

e The muscular branch supplies the stylopharyngeus
muscle (Fig. 11-23).

e The pharyngeal branches unite on the outer surface of
the middle constrictor muscle with the pharyngeal
branch of the vagus and the pharyngeal branch of the
sympathetic trunk to form the pharyngeal plexus. By
means of these branches, the glossopharyngeal nerve
gives sensory fibers to the mucous membrane of the phar-
ynx, tonsil, and soft palate.

@ The lingual branch supplies general sensory and special
taste fibers to the mucous membrane of the posterior
third of the tongue and the circumvallate papillae region
of the anterior part of the tongue. (See p.160.) The lingual
branch enters the tongue below the styloglossus muscle
(Fig. 11-23).

Hypoglossal Nerve

The hypoglossal nerve descends in the carotid sheath. On
reaching the lower border of the posterior belly of the di-
gastric muscle (Fig. 11-8), it curves forward, crossing the
loop of the lingual artery, just above the tip of the greater
cornu of the hyoid bone (Fig. 11-8). The nerve then runs for-
ward on the lateral surface of the hyoglossus muscle and on
the medial surface of the mylohyoid muscle (Figs. 11-9 and
11-22). It lies below the deep part of the submandibular
gland, the submandibular duct, and the lingual nerve (Fig.
11-23). The nerve ends by curving upward toward the tip of
the tongue, supplying branches to the muscles.
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Branches in the Submandibular Region

1. The nerve to the thyrohyoid (first cervical nerve fibers;
seep. 38).

2. The nerve to the geniohyoid (first cervical nerve fibers;
seep. 38).

3. Muscular branches to all the muscles of the tongue ex-
cept the palatoglossus, which is supplied by the pharyn-
geal plexus. It thus supplies the styloglossus, the hyoglos-
sus, the genioglossus, and the intrinsic muscles of the
tongue.

4. Communicating branch. The hypoglossal nerve com-
municates with the lingual nerve on the side of the
tongue.

BLOOD VESSELS OF THE SUBMANDIBULAR REGION

Facial Artery

The facial artery arises from the external carotid artery just
above the tip of the greater cornu of the hyoid bone. (See p.
29 ) It ascends and grooves the posterior border of the sub-
mandibular salivary gland. It then hooks around the lower
border of the body of the mandible to enter the face at the
anterior margin of the masseter muscle. Its further course in
the face is described on page 56.

Branches in the Submandibular Region

1. Ascending palatine artery. This ascends alongside the
pharynx (Fig. 11-24).

2. Tonsillar artery. This artery perforates the superior con-
strictor muscle and provides the tonsil with its main
blood supply (Figs. 11-24 and 11-60).

3. Glandular arteries. These supply the submandibular
salivary gland.

4. Submental artery. This artery runs forward along the
lower border of the body of the mandible to supply the
region of the chin and lower lip.

Facial Vein

The facial vein leaves the face by crossing the lower margin
of the body of the mandible behind the facial artery. It is
joined by the anterior division of the retromandibular vein
(Fig. 11-11) and drains into the internal jugular vein.

Lingual Artery

The lingual artery arises from the external carotid artery op-
posite the tip of the greater cornu of the hyoid bone. (See p.
29.) It runs forward, forming an upward loop, which is
crossed by the hypoglossal nerve (Fig. 11-22). It then pro-
ceeds forward deep to the hyoglossus muscle to supply the
tip of the tongue (Fig. 11-23).

Branches

1. The dorsal lingual branches are two or three in num-
ber and ascend to the dorsum of the tongue.

2. The sublingual artery supplies the sublingual salivary
gland and neighboring structures.

Lingual Veins

The dorsal lingual veins join to form the lingual vein, which
drains into the internal jugular vein.
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LYMPH NODES OF THE SUBMANDIBULAR REGION

The submandibular lymph nodes are situated on the super-
ficial surface of the submandibular salivary gland (Fig. 11-
14). They are fully described on page 48.

The Skull
COMPOSITION

" The skull is composed of several separate bones united at
immobile joints called sutures. The connective tissue be-
tween the bones is called a sutural ligament. The
mandible is an exception to this rule, for it is united to the
skull by the mobile temporomandibular joint. (See p.74 .)

The bones of the skull can be divided into those of the
cranium and those of the face. The vault is the upper part
of the cranium, and the base of the skull is the lowest part
of the cranium (Figs. 11-29 and 11-30).

The skull bones are made up of external and internal
tables of compact bone separated by a layer of spongy
bone called the diplo& (Fig. 11-15). The internal table is
thinner and more brittle than the external table. The bones
are covered on the outer and inner surfaces with perios-
teum.

The cranium consists of the following bones, two of
which are paired (Figs. 11-29, 11-30, and 11-31):

Frontal bone

Parietal bones

Occipital bone

Temporal bones

Sphenoid bone

Ethmoid bone

— = B — b —

The facial bones consist of the following, two of which
are single:

Zygomatic bones 2

Maxillae 2

Nasal bones 2

Lacrimal bones 2

Vomer 1

Palatine bones 2

Inferior conchae 2

Mandible 1

It is unnecessary for students of medicine to know the de-
tailed structure of each individual skull bone. However, stu-
dents should be familiar with the skull as a whole and
should have a dried skull available for reference as they
read the following description.

ANTERIOR VIEW OF THE SKULL (FIGS. 11-29 AND
11-30)

The frontal bone, or forehead bone, curves downward to
make the upper margins of the orbits. The superciliary
arches can be seen on either side, and the supraorbital
notch; or foramen, can be recognized. Medially, the frontal
bone articulates with the frontal processes of the maxillae
and with the nasal bones. Laterally, the frontal bone articu-
lates with the zygomatic bone.

The orbital margins are bounded by the frontal bone
superiorly, the zygomatic bone laterally, the maxilla inferi-
orly, and the processes of the maxilla and frontal bone me-
dially.
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Within the frontal bone, just above the orbital margins,
are two hollow spaces lined with mucous membrane called
the frontal air sinuses. These communicate with the nose
and serve as voice resonators.

The two nasal bones form the bridge of the nose. Their
lower borders, with the maxillae, make the anterior nasal
aperture. The nasal cavity is divided into two by the bony
nasal septum, which is largely formed by the vomer. The
superior and middle conchae are shelves of bone that
project into the nasal cavity from the ethmoid on each side;
the inferior conchae are separate bones.

The two maxillae form the upper jaw, the anterior part of
the hard palate, part of the lateral walls of the nasal cavities,
and part of the floors of the orbital cavities. The two bones
meet in the midline at the intermaxillary suture and form
the lower margin of the nasal aperture. Below the orbit the
maxilla is perforated by the infraorbital foramen. The
alveolar process projects downward and, together with the
fellow of the opposite side, forms the alveolar arch, which
carries the upper teeth. Within each maxilla is a large, pyra-
mid-shaped cavity lined with mucous membrane called the
maxillary sinus. This communicates with the nasal cavity
and serves as a voice resonator.

The zygomatic bone forms the prominence of the
cheek and part of the lateral wall and floor of the orbital cav-
ity. Medially it articulates with the maxilla and laterally it ar-
ticulates with the zygomatic process of the temporal bone to
form the zygomatic arch. The zygomatic bone is perfo-
rated by two foramina for the zygomaticofacial and zygo-
maticotemporal nerves.

The mandible, or lower jaw, consists of a horizontal
body and two vertical rami. (For details, see p. 679.)

LATERAL VIEW OF THE SKULL (FIG. 11-31)

The frontal bone forms the anterior part of the side of the
skull and articulates with the parietal bone at the coronal
suture.

The parietal bones form the sides and roof of the cra-
nium and articulate with each other in the midline at the
sagittal suture. They articulate with the occipital bone be-
hind, at the lambdoid suture.

The skull is completed at the side by the squamous part
of the occipital bone; parts of the temporal bone, namely,
the squamous, tympanic, mastoid process, styloid pro-
cess, and zygomatic process; and the greater wing of the
sphenoid. Note the position of the external auditory mea-
tus. The ramus and body of the mandible lie inferiorly.

Note that the thinnest part of the lateral wall of the skull
is where the anteroinferior corner of the parietal bone artic-
ulates with the greater wing of the sphenoid; this point is re-
ferred to as the pterion.

Clinically, the pterion is an important area because it
overlies the anterior division of the middle meningeal
artery and vein.

Identify the superior and inferior temporal lines,
which begin as a single line from the posterior margin of the
zygomatic process of the frontal bone and diverge as they
arch backward. The temporal fossa lies below the inferior
temporal line.

The infratemporal fossa lies below the infratemporal
crest on the greater wing of the sphenoid. The pterygo-
maxillary fissure is a vertical fissure that lies within the
fossa between the pterygoid process of the sphenoid bone
and back of the maxilla. It leads medially into the ptery-
gopalatine fossa.
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The inferior orbital fissure is a horizontal fissure be-
tween the greater wing of the sphenoid bone and the max-
illa. It leads forward into the orbit.

The pterygopalatine fossa is a small space behind and
below the orbital cavity. It communicates laterally with the
infratemporal fossa through the pterygomaxillary fissure,
medially with the nasal cavity through the sphenopalatine
foramen, superiorly with the skull through the foramen ro-
tundum, and anteriorly with the orbit through the inferior
orbital fissure.

POSTERIOR VIEW OF THE SKULL (FIG. 11-32)

The posterior parts of the two parietal bones with the inter-
vening sagittal suture are seen above. Below, the parietal
bones articulate with the squamous part of the occipital
bone at the lambdoid suture. On each side the occipital
bone articulates with the temporal bone. In the midline of
the occipital bone is a roughened elevation called the ex-

ternal occipital protuberance, which gives attachment to
muscles and the ligamentum nuchae. On either side of the
protuberance the superior nuchal lines extend laterally
toward the temporal bone.
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Figure 11-33 Inferior surface of the base of the skull.
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INFERIOR VIEW OF THE SKULL (FIG. 11-33)

If the mandible is discarded, the anterior part of this aspect
of the skull is seen to be formed by the hard palate.

The palatal processes of the maxillae and the hori-
zontal plates of the palatine bones can be identified. In
the midline anteriorly is the incisive fossa and foramen.
Posterolaterally are the greater and lesser palatine foram-
ina.

Above the posterior edge of the hard palate are the
choanae (posterior nasal apertures). These are separated
from each other by the posterior margin of the vomer and
are bounded laterally by the medial pterygoid plates of
the sphenoid bone. The inferior end of the medial ptery-
goid plate is prolonged as a curved spike of bone, the
pterygoid hamulus.

Posterolateral to the lateral pterygoid plate, the greater
wing of the sphenoid is pierced by the large foramen ovale
and the small foramen spinosum. Posterolateral to the
foramen spinosum is the spine of the sphenoid.

Behind the spine of the sphenoid, in the interval between
the greater wing of the sphenoid and the petrous part of the
temporal bone, is a groove for the cartilaginous part of the
auditory tube. The opening of the bony part of the tube
can be identified.

The mandibular fossa of the temporal bone and the ar-
ticular tubercle form the upper articular surfaces for the
temporomandibular joint. Separating the mandibular fossa ._
from the tympanic plate posteriorly is the squamotym%?-'
panic fissure, through the medial end of which the chorda
tympani exits from the tympanic cavity.

The styloid process of the temporal bone projects
downward and forward from its inferior aspect. The opening
of the carotid canal can be seen on the inferior surface of
the petrous part of the temporal bone.

The medial end of the petrous part of the temporal bone
is irregular and, together with the basilar part of the occipi-
tal bone and the greater wing of the sphenoid, forms the
foramen lacerum. During life, the foramen lacerum is
closed with fibrous tissue, and only a few small vessels pass
through this foramen from the cavity of the skull to the exte-
rior.

The tympanic plate, which forms part of the temporal
bone, is C shaped on section and forms the bony part of the
external auditory meatus. While examining this region,
identify the suprameatal crest on the lateral surface of the
squamous part of the temporal bone, the suprameatal tri-
angle, and the suprameatal spine.

In the-interval between the styloid and mastoid pro-
cesses, the stylomastoid foramen can be seen. Medial to
the styloid process, the petrous part of the temporal bone
has a deep notch, which, together with a shallower notch on
the occipital bone, forms the jugular foramen.

Behind the posterior apertures of the nose and in front of
the foramen magnum are the sphenoid bone and the basi-
lar part of the occipital bone. The pharyngeal tubercle is
a small prominence on the undersurface of the basilar part
of the occipital bone in the midline.

The occipital condyles should be identified; they artic-
ulate with the superior aspect of the lateral mass of the first
cervical vertebra, the atlas. Superior to the occipital condyle
is the hypoglossal canal for transmission of the hypoglos-
sal nerve.
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Posterior to the foramen magnum in the midline is the ex-
ternal occipital protuberance. The superior nuchal lines
should be identified as they curve laterally on each side.

NEONATAL SKULL (FIG. 11-35)

The newborn skull, compared with the adult skull, has a dis-
proportionately large cranium relative to the face. In child-
hood, the growth of the mandible, the maxillary sinuses,
and the alveolar processes of the maxillae results ir. a great
increase in length of the face.

The bones of the skull are smooth and unilaminar, there
being no diploé present. Most of the skull bones are ossified
at birth, but the process is incomplete, and the bones are
mobile on each other, being connected by fibrous tissue or
cartilage. The bones of the vault are ossified in membrane;
the bones of the base are ossified in cartilage. The bones of
the vault are not closely knit at sutures, as in the adult, but
are separated by unossified membranous intervals called
fontanelles. Clinically, the anterior and posterior
fontanelles are most important and are easily examined in
the midline of the vault.

The anterior fontanelle is diamond shaped and lies be-
tween the two halves of the frontal bone in front and the two
parietal bones behind (Fig. 11-35). The fibrous membrane
forming the floor of the anterior fontanelle is replaced by
bone and is closed by 18 months of age. The posterior
fontanelle is triangular and lies between the two parietal
bones in front and the occipital bone behind. By the end of
the first year the fontanelle is usually closed and can no
longer be palpated.

The tympanic part of the temporal bone is merely a C-
shaped ring at birth, compared with a Cshaped curved plate
in the adult. This means that the external auditory meatus is
almost entirely cartilaginous in the newborn, and the tym-
panic membrane is nearer the surface. Although the tym-
panic membrane is nearly as large as in the adult, it faces
more inferiorly. During childhood the tympanic plate grows
laterally, forming the bony part of the meatus, and the tym-
panic membrane comes to face more directly laterally.

The mastoid process is not present at birth (Fig. 11-35)
and develops later in response to the pull of the sternoclei-
domastoid muscle when the child moves his or her head.

At birth, the mastoid antrum lies about 3 mm deep to the
floor of the suprameatal triangle. As growth of the skull
continues, the lateral bony wall thickens so that at puberty
the antrum may lie as much as 15 mm from the surface.

The mandible has right and left halves at birth, united in
the midline with fibrous tissue. The two halves fuse at the
symphysis menti by the end of the first vear.

The angle of the mandible at birth is obtuse (Fig. 11-
35), the head being placed level with the upper margin of
the body and the coronoid process lying at a superior level
to the head. It is only after eruption of the permanent teeth
that the angle of-the mandible assumes the adult shape and
the head and neck grow so that the head comes to lie higher
than the coronoid process.

In old age, the size of the mandible is reduced when the
teeth are lost. As the alveolar part of the bone becomes
smaller, the ramus becomes oblique in position so that the
head is bent posteriorly.

THE CRANIAL CAVITY

The cranial cavity contains the brain and its surrounding
meninges, portions of the cranial nerves, arteries, veins, and
venous sinuses.
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VAULT OF THE SKULL

The internal surface of the vault shows the coronal, sagittal,
and lambdoid sutures. In the midline is a shallow sagittal
groove that lodges the superior sagittal sinus. On cach
side of the groove are several small pits, called granular
pits, which lodge the lateral lacunae and arachnoid
granulations. (See p.106 ) Several narrow grooves are pre-
sent for the anterior and posterior divisions of the middle
meningeal vessels as they pass up the side of the skull to
the vault.

BASE OF THE SKULL (FIG. 11-34)

The interior of the base of the skull is divided into three cra-
nial fossae: anterior, middle, and posterior. The anterior cra-
nial fossa is separated from the middle cranial fossa by the
lesser wing of the sphenoid, and the middle cranial fossa is
separated from the posterior cranial fossa by the petrous
part of the temporal bone.
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Anterior Cranial Fossa

The anterior cranial fossa lodges the frontal lobes of the
_cerebral hemispheres. It is bounded anteriorly by the inner
surface of the frontal bone, and in the midline is a crest for
the attachment of the falx cerebri. Its posterior boundary is
the sharp lesser wing of the sphenoid, which articulates lat-
erally with the frontal bone and meets the anteroinferior an-
gle of the parietal bone, or the pterion. The medial end of
the lesser wing of the sphenoid forms the anterior clinoid
process on each side, which gives attachment to the tento-
rium cerebelli. The median part of the anterior cranial
fossa is limited posteriorly by the groove for the optic chi-
asma.

The floor of the fossa is formed by the ridged orbital
plates of the frontal bone laterally and by the cribriform
plate of the ethmoid medially (Fig. 11-34). The crista galli
is a sharp upward projection of the ethmoid bone in the
midline for the attachment of the falx cerebri. Between the
crista galli and the crest of the frontal bone is a small aper-
ture, the foramen cecum, for the transmission of a small
vein from the nasal mucosa to the superior sagittal sinus.
Alongside the crista galli is a narrow slit in the cribriform
plate for the passage of the anterior ethmoidal nerve into
the nasal cavity. The upper surface of the cribriform plate
supports the olfactory bulbs, and the small perforations in
the cribriform plate are for the olfactory nerves.

Middle Cranial Fossa

The middle cranial fossa consists of a small median part and
expanded lateral parts (Fig. 11-34). The median raised part
is formed by the body of the sphenoid, and the expanded
lateral parts form concavities on either side, which lodge the
temporal lobes of the cerebral hemispheres.

It is bounded anteriorly by the lesser wings of the sphe-
noid and posteriorly by the superior borders of the petrous
parts of the temporal bones. Laterally lie the squamous parts
of the temporal bones, the greater wings of the sphenoid,
and the parietal bones.

The floor of each lateral part of the middle cranial fossa
is formed by the greater wing of the sphenoid and the squa-
mous and petrous parts of the temporal bone.

The sphenoid bone resembles a bat having a centrally
placed body with greater and lesser wings that are out-
stretched on each side. The body of the sphenoid contains
the sphenoid air sinuses, which are lined with mucous
membrane and communicate with the nasal cavity; they
serve as voice resonators.

Anteriorly, the optic canal transmits the optic nerve and
the ophthalmic artery, a branch of the internal carotid
artery, to the orbit. The superior orbital fissure, which is a
slitlike opening between the lesser and greater wings of the
sphenoid, transmits the lacrimal, rrontal, trochlear, oculo-
motor, nasociliary, and abducent nerves, together with the
superior ophthalmic vein. The sphenoparietal venous sinus
runs medially along the posterior border of the lesser wing
of the sphenoid and drains into the cavernous sinus.

The foramen rotundum, which is situated behind the
medial end of the superior orbital fissure, perforates the
greater wing of the sphenoid and transmits the maxillary
nerve from the trigeminal ganglion to the pterygopalatine
fossa.

The foramen ovale lies posterolateral to the foramen ro-
tundum (Fig. 11-34). It perforates the greater wing of the
sphenoid and transmits the large sensory root and small mo-
tor root of the mandibular nerve to the infratemporal fossa;
the lesser petrosal nerve also passes through it.
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Figure 11-35 Neonatal skull as seen from the anterior (A) and lateral (B} aspects.
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The small foramen spinosum lies posterolateral to the
foramen ovale and also perforates the greater wing of the
sphenoid. The foramen transmits the middle meningeal
artery from the infratemporal fossa (see p. 74) into the cra-
nial cavity. The artery then runs forward and laterally in a
groove on the upper surface of the squamous part of the
temporal bone and the greater wing of the sphenoid (Fig.
1145). After a short distance the artery divides into anterior
and posterior branches. The anterior branch passes forward
and upward to the anteroinferior angle of the parietal bone
(Fig. 11-95). Here, the bone is deeply grooved or tunneled
by the artery for a short distance before it runs backward
and upward on the parietal bone. It is at this site that the
artery may be damaged after a blow to the side of the head.
The posterior branch passes backward and upward ‘across
the squamous part of the temporal bone to reach the pari-
etal bone.

The large and irregularly shaped foramen lacerum lies
between the apex of the petrous part of the temporal bone
and the sphenoid bone (Fig. 11-34). The inferior opening of
the foramen lacerum in life is filled by cartilage and fibrous
tissue, and only small blood vessels pass through this tissue
from the cranial cavity to the neck.
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The carotid canal opens into the side of the foramen
lacerumn above the closed inferior opening. The internal
carotid artery enters the foramen through the carotid canal
and immediately turns upward to reach the side of the body
of the sphenoid bone. Here, the artery turns forward in the
cavernous sinus to reach the region of the anterior clinoid
process. At this point, the internal carotid artery turns verti-
cally upward, medial (Fig. 1145) to the anterior clinoid pro-
cess, and emerges from the cavernous sinus. (See p.114.)

Lateral to the foramen lacerum is an impression on the
apex of the petrous part of the temporal bone for the
trigeminal ganglion. On the anterior surface of the petrous
bone are two grooves for nerves; the largest medial groove
is for the greater petrosal nerve, a branch of the facial
nerve; the smaller lateral groove is for the lesser petrosal
nerve, a branch of the tympanic plexus. The greater pet-
rosal nerve enters the foramen lacerum deep to the trigemi-
nal ganglion and joins the deep petrosal nerve (sympa-
thetic fibers from around the internal carotid artery), to form
the nerve of the pterygoid canal. The lesser petrosal
nerve passes forward to the foramen ovale.

The abducent nerve bends sharply forward across the
apex of the petrous bone, medial to the trigeminal ganglion.
Here, it leaves the posterior cranial fossa and enters the cav-
ernous sinus.

The arcuate eminence is a rounded eminence found on
the anterior surface of the petrous bone and is caused by the
underlying superior semicircular canal.

The tegmen tympani, a thin plate of bone, is a forward
extension of the petrous part of the temporal bone and ad-
joins the squamous part of the bone (Fig. 11-34). From be-
hind forward, it forms the roof of the mastoid antrum, the
tympanic cavity, and the auditory tube. This thin plate of
bone is the only major barrier that separates infection in the
tympanic cavity from the temporal lobe of the cerebral
hemisphere (Fig. 11-55).

The median part of the middle cranial fossa is formed by
the body of the sphenoid bone (Fig. 11-34). In front is the
sulcus chiasmatis, which is related to the optic chiasma
and leads laterally to the optic canal on each side. Posterior
to the sulcus is an elevation, the tuberculum sellae.
Behind the elevation is a deep depression, the sella tur-
cica, which lodges the hypophysis cerebri. The sella tur-
cica is bounded posteriorly by a square plate of bone called
the dorsum sellae. The superior angles of the dorsum sel-
lae have two tubercles, called the posterior clinoid pro-
cesses, which give attachment to the fixed margin of the
tentorium cerebelli.

The cavernous sinus is directly related to the side of the
body of the sphenoid (Figs. 11-36 and 11-37). It carries in its
lateral wall the third and fourth cranial nerves and the oph-
thalmic and maxillary divisions of the fifth cranial nerve
(Fig. 11-39). The internal carotid artery and the sixth cranial
nerve pass forward through the sinus.

Posterior Cranial Fossa

The posterior cranial fossa is deep and lodges the parts of
the hindbrain, namely, the cerebellum, ponms, and
medulla oblongata. Anteriorly the fossa is bounded by the
superior border of the petrous part of the temporal bone,
and posteriorly it is bounded by the internal surface of the
squamous part of the occipital bone (Fig. 11-34). The floor
of the posterior fossa is formed by the basilar, condylar, and
squamous parts of the occipital bone and the mastoid part
of the temporal bone.
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The roof of the fossa is formed by a fold of dura, the ten-
torium cerebelli, which intervenes between the cerebel-
lum below and the occipital lobes of the cerebral hemi-
spheres above (Fig. 11-37).

The foramen magnum occupies the central area of the
floor and transmits the medulla oblongata and its surround-
ing meninges, the ascending spinal parts of the accessory
nerves, and the two vertebral arteries.

The hypoglossal canal is situated above the anterolat-

eral boundary of the foramen magnum (Fig. 11-34) and
transmits the hypoglossal nerve.

The jugular foramen lies between the lower border of
the petrous part of the temporal bone and the condylar part
of the occipital bone. It transmits the following structures
from before backward: the inferior petrosal sinus; the
ninth, tenth, and eleventh cranial nerves; and the large
sigmoid sinus. The inferior petrosal sinus descends in the
groove on the lower border of the petrous part of the tem-
poral bone to reach the foramen. The sigmoid sinus turns
down through the foramen to become the internal jugular
vein.

The internal acoustic meatus pierces the posterior sur-
face of the petrous part of the temporal bone. It transmits the
vestibulocochlear nerve and the motor and sensory roots of
the facial nerve.

The internal occipital crest runs upward in the midline
posteriorly from the foramen magnum to the internal oc-
cipital protuberance; to it is attached the small falx cere-
belli over the occipital sinus.
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On each side of the internal occipital protuberance is a
wide groove for the transverse sinus (Fig. 11-34). This
groove sweeps around on either side, on the internal surface
of the occipital bone, to reach the posteroinferior angle or
corner of the parietal bone. The groove now passes onto the
mastoid part of the temporal bone, and here the transverse
sinus becomes the sigmoid sinus. The superior petrosal
sinus runs backward along the upper border of the petrous
bone in a narrow groove and drains into the sigmoid sinus.
As the sigmoid sinus descends to the jugular foramen, it
deeply grooves the back of the petrous bone and the mas-
toid part of the temporal bone. Here, it lies directly posterior
to the mastoid antrum.

Table 11-3 provides a summary of the more important
openings in the base of the skull and the structures that pass
through them.

THE MENINGES

The brain and spinal cord are surrounded by three mem-

branes, or meninges: the dura mater, the arachnoid mater,
and the pia mater.

Dura Mater of the Brain

The dura mater is conventionally described as two layers:
the endosteal layer and the meningeal layer (Fig. 11-15).
These are closely united except along certain lines, where
they separate to form venous sinuses.
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lahle 11-3  Summary of the More Important Openings in the Base of the Skull and the Structures That Pass Through Them

Opening in Skull Bone of Skull Structures Transmitted
Anterior Cranial Fossa
Periforations in cribriform Ethmoid Olfactory nerves
plate
Middle Cranial Fossa
Optic canal Lesser wing of sphenoid Optic nerve
Superior orbital fissure Between lesser and greater wings Lacrimal, frontal, trochlear oculomotor, nasociliary, and
of sphenoid abducent nerves; superior ophthalmic vein

Foramen rotundum
Foramen ovale

Foramen spinosum
Foramen lacerum

Posterior Cranial Fossa
Foramen magnum

Hypoglossal canal
Jugular foramen

Internal acoustic meatus

Greater wing of sphenoid
Greater wing of sphenoid

Greater wing of sphenoid
Between petrous part of temporal
and sphenoid

Occipital

Occipital

Between petrous part of temporal and
condylar part of occipital

Petrous part of temporal

Maxillary division of the trigeminal nerve

Mandibular division of the trigeminal nerve, lesser
petrosal nerve

Middle meningeal artery

Internal carotid artery

Medulla oblongata, spinal part of accessory nerve, and
right and left vertebral arteries

Hypoglossal nerve

Glossopharyngeal, vagus, and accessory nerves; sigmoid
sinus becomes internal jugular vein

Vestibulocochlear and facial nerves

— Gally el e Gl Juadlf




The endosteal layer is nothing more than the ordinary
periosteumn covering the inner surface of the skull bones. It
does not extend through the foramen magnum to become
continuous with the dura mater of the spinal cord. Around
the margins of all the foramina in the skull it becomes con-
tinuous with the periosteum on the outside of the skull
bones. At the sutures it is continuous with the sutural liga-
ments. It is most strongly adherent to the bones over the
base of the skull.

The meningeal layer is the dura mater proper. It is a
dense, strong, fibrous membrane covering the brain and is
continuous through the foramen magnum with the dura
mater of the spinal cord. It provides tubular sheaths for the
cranial nerves as the latter pass through the foramina in the
skull. Outside the skull the sheaths fuse with the epineurium
of the nerves.

The meningeal layer sends inward four septa that divide
the cranial cavity into freely communicating spaces lodging
the subdivisions of the brain. The function of these septa is
to restrict the rotatory displacement of the brain.

The falx cerebri is a sickle-shaped fold of dura mater
that lies in the midline between the two cerebral hemi-
spheres (Figs. 11-37 and 1140). Its narrow end in front is at-
tached to the internal frontal crest and the crista galli. Its
broad posterior part blends in the midline with the upper
surface of the tentorium cerebelli. The superior sagittal sinus
runs in its upper fixed margin, the inferior sagittal sinus runs
in its lower concave free margin, and the straight sinus runs
along its attachment to the tentorium cerebelli.

The tentorium cerebelli is a crescentshaped fold of
dura mater that roofs over the posterior cranial fossa (Figs.
11-36, 11-37, and 11-38). It covers the upper surface of the
cerebellum and supports the occipital lobes of the cerebral
hemispheres. In front is a gap, the tentorial notch, for the
passage of the midbrain (Figs. 11-38 and 11-39), thus pro-
ducing an inner free border and an outer attached or fixed
border. The fixed border is attached to the posterior clinoid
processes, the superior borders of the petrous bones, and
the margins of the grooves for the transverse sinuses on the
occipital bone. The free border runs forward at its two ends,
crosses the attached border, and is affixed to the anterior cli-
noid process on each side. At the point where the two bor-
ders cross, the third and fourth cranial nerves pass forward
to enter the lateral wall of the cavernous sinus (Figs. 11-38
and 11-39).

Close to the apex of the petrous part of the temporal
bone, the lower layer of the tentorium is pouched forward
beneath the superior petrosal sinus to form a recess for the
trigeminal nerve and the trigeminal ganglion (Fig. 11-38).

The falx cerebri and the falx cerebelli are attached to the
upper and lower surfaces of the tentorium, respectively. The
straight sinus runs along its attachment to the falx cerebri,
the superior petrosal sinus along its attachment to the
petrous bone, and the transverse sinus along its attachment
to the occipital bone (Fig. 11-37).

The falx cerebelli is a small, sicklesshaped fold of dura
mater that is attached to the internal occipital crest and pro-
jects forward between the two cerebellar hemispheres. Its
posterior fixed margin contains the occipital sinus.

The diaphragma sellae is a small circular fold of dura
mater that forms the roof for the sella turcica (Fig. 11-32). A
small opening in its center allows passage of the stalk of the
hypophysis cerebri (Fig. 11-39).
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Figure 11-38 Lateral view of the skull showing the falx cerebri, tentorium cerebelli, brainstem, and

trigeminal ganglion.
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Dural Nerve Supply

Branches of the trigeminal, vagus, and first three cervical
nerves and branches from the sympathetic system pass to
the dura.

Numerous sensory endings are in the dura. The dura is
sensitive to stretching, which produces the sensation of
headache. Stimulation of the sensory endings of the trigem-
inal nerve above the level of the tentorium cerebelli pro-
duces referred pain to an area of skin on the same side of the
head. Stimulation of the dural endings below the level of the
tentorium produces referred pain to the back of the neck
and back of the scalp along the distribution of the greater
occipital nerve,

Dural Arterial Supply

Numerous arteries supply the dura mater from the internal
carotid, maxillary, ascending pharyngeal, occipital, and ver-
tebral arteries. From a clinical standpoint, the most impor-
tant is the middle meningeal artery, which is commonly
damaged in head injuries,
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The middle meningeal artery arises from the maxillary
artery in the infratemporal fossa. (See p. 74 ) It enters the
cranial cavity and runs forward and laterally in a groove on
the upper surface of the squamous part of the temporal
bone (Fig. 11-45). To enter the cranial cavity, it passes
through the foramen spinosum to lie between the
meningeal and endosteal layers of dura. Its further
course in the middle cranial fossa is described on page 97 .
The anterior (frontal) branch deeply grooves or tunnels the
anteroinferior angle of the parietal bone, and its course cor-
responds roughly to the line of the underlying precentral
gyrus of the brain. The posterior (parietal) branch curves
backward and supplies the posterior part of the dura mater.

The meningeal veins lie in the endosteal layer of dura.
The middle meningeal vein follows the branches of the mid-
dle meningeal artery and drains into the pterygoid venous
plexus or the sphenoparietal sinus. The veins lie lateral to
the arteries.

Arachnoid Mater of the Brain

The arachnoid mater is a delicate, impermeable membrane
covering the brain and lying between the pia mater inter-
nally and the dura mater externally (Fig. 11-15). It is sepa-
rated from the dura by a potential space, the subdural
space, and from the pia by the subarachnoid space,
which is filled with cerebrospinal fluid.

The arachnoid bridges over the sulci on the surface of the
brain, and in certain situations the arachnoid and pia are
widely separated to form the subarachnoid cisternae.

In certain areas the arachnoid projects into the venous si-
nuses to form arachnoid villi. The arachnoid villi are most
numerous along the superior sagittal sinus. Aggregations of
arachnoid villi are referred to as arachnoid granulations
(Fig. 11-15). Arachnoid villi serve as sites where the cere-
brospinal fluid diffuses into the bloodstream.

It is important to remember that structures passing to and
from the brain to the skull or its foramina must pass through
the subarachnoid space. All the cerebral arteries and veins
lie in the space, as do the cranial nerves (Fig. 11-15). The
arachnoid fuses with the epineurium of the nerves at their
point of exit from the skull. In the case of the optic nerve, the
arachnoid forms a sheath for the nerve that extends into the
orbital cavity through the optic canal and fuses with the
sclera of the eyeball (Fig. 11-51). Thus, the subarachnoid
space extends around the optic nerve as far as the eyeball.
(See p.138)

The cerebrospinal fluid is produced by the choroid
plexuses within the lateral, third, and fourth ventricles of
the brain. It escapes from the ventricular system of the brain
through the three foramina in the roof of the fourth ventricle
and so enters the subarachnoid space. It now circulates
both upward over the surfaces of the cerebral hemispheres
and downward around the spinal cord. The spinal sub-
arachnoid space extends down as far as the second sacral
vertebra (see Fig. 12-7D). Eventually, the fluid enters the
bloodstream by passing into the arachnoid villi and diffus-
ing through their walls.

In addition to removing waste products associated with
neuronal activity, the cerebrospinal fluid provides a fluid
medium in which the brain floats. This mechanism effec-
tively protects the brain from trauma.
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Pia Mater of the Brain

The pia mater is a vascular membrane that closely invests
the brain, covering the gyri and descending into the deepest
sulci (Fig. 11-15). It extends over the cranial nerves and fuses
with their epineurium. The cerebral arteries entering the
substance of the brain carry a sheath of pia with them.

The Venous Blood Sinuses

The venous sinuses of the cranial cavity are blood-filled
spaces situated between the layers of the dura mater (Fig.
11-15); they are lined by endothelium. Their walls are thick
and composed of fibrous tissue; they have no muscular tis-
sue. The sinuses have no valves. They receive tributaries
from the brain, the diploé of the skull, the orbit, and the in-
ternal ear.

The superior sagittal sinus occupies the upper fixed
border of the falx cerebri (Fig. 11-36). It begins in front at the
foramen cecum, where it occasionally receives a vein from
the nasal cavity. It runs backward, grooving the vault of the
skull, and at the internal occipital protuberance it deviates
to one or the other side (usually the right) and becomes
continuous with the corresponding transverse sinus. The si-
nus communicates through small openings with two or
three irregularly shaped venous lacunae on each side.
Numerous arachnoid villi and granulations project into the
lacunae, which also receive the diploic and meningeal
veins (Fig. 11-15).

The superior sagittal sinus receives in its course the su-
perior cerebral veins. At the internal occipital protuber-
ance it is dilated to form the confluence of the sinuses
(Fig. 11-36). Here, the superior sagittal sinus usually be-
comes continuous with the right transverse sinus; it is con-
nected to the opposite transverse sinus and receives the oc-
cipital sinus.

The inferior sagittal sinus occupies the free lower mar-
gin of the falx cerebri. It runs backward and joins the great
cerebral vein at the free margin of the tentorium cerebelli
to form the straight sinus (Fig. 11-36). It receives cerebral
veins from the medial surface of the cerebral hemisphere.

The straight sinus occupies the line of junction of the
falx cerebri with the tentorium cerebelli (Fig. 11-36). It is
formed by the union of the inferior sagittal sinus with the
great cerebral vein. It ends by turning to the left (sometimes
to the right) to form the transverse sinus.

The transverse sinuses are paired structures and begin
at the internal occipital protuberance (Figs. 11-36 and 11-
37). The right sinus is usually continuous with the superior
sagittal sinus, and the left is continuous with the straight si-
nus. Each sinus occupies the attached margin of the tento-
rium cerebelli, grooving the occipital bone and the pos-
teroinferior angle of the parietal bone. They receive the
superior petrosal sinuses, inferior cerebral and cerebellar
veins, and diploic veins. They end by turning downward as
the sigmoid sinuses (Fig. 11-37).

The sigmoid sinuses are a direct continuation of the
transverse sinuses. Each sinus turns downward and medi-
ally and grooves the mastoid part of the temporal bone (Fig.
11-37). Here it lies behind the mastoid antrum. The sinus
then turns downward through the posterior part of the jugu-
lar foramen to become continuous with the superior bulb of
the internal jugular vein (Fig. 11-53).
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The occipital sinus is a small sinus occupying the at-
tached margin of the falx cerebelli. It commences near the
foramen magnum, where it communicates with the verte-
bral veins and drains superiorly into the confluence of si-
nuses.

The cavernous sinuses are situated in the middle cra-
nial fossa on each side of the body of the sphenoid bone
(Fig. 11-36). Each sinus extends from the superior orbital fis-
sure in front to the apex of the petrous part of the temporal
bone behind.

The internal carotid artery, surrounded by its sympa-
thetic nerve plexus, runs forward through the sinus (Fig. 11-
39). The abducent nerve also passes through the sinus. The
internal carotid artery and the nerves are separated from the
blood by an endothelial covering.

The third and fourth cranial nerves, and the ophthalmic
and maxillary divisions of the trigeminal nerve run forward
in the lateral wall of the sinus (Figs. 11-38 and 11-39). They
lie between the endothelial lining and the dura mater. The
tributaries are the superior and inferior ophthalmic veins,
the cerebral veins, the sphenoparietal sinus, and the central
vein of the retina.

The sinus drains posteriorly into the superior and inferior
petrosal sinuses and inferiorly into the pterygoid venous
plexus.

The two sinuses communicate with one another by
means of the anterior and posterior intercavernous si-
nuses, which run in the diaphragma sellae in front and be-
hind the stalk of the hypophysis cerebri (Fig. 11-37). Each si-
nus has an important communication with the facial vein
through the superior ophthalmic vein.

The superior and inferior petrosal sinuses are small
sinuses situated on the superior and inferior borders of the
petrous part of the temporal bone on each side (Fig. 11-36).
Each superior sinus drains the cavernous sinus into the
transverse sinus, and each inferior sinus drains the cav-
ernous sinus into the internal jugular vein.

Hypophysis Cerebri
Location and Description

The hypophysis cerebri, or pituitary gland, is an important
endocrine gland. It is a small, oval structure attached to the
undersurface of the brain by the infundibulum (Fig. 11-39).
The gland is well protected by virtue of its location in the
sella turcica of the sphenoid bone. Because the hormones
produced by the gland influence the activities of many
other endocrine glands, the hypophysis cerebri is often re-
ferred to as the master endocrine gland. For this reason, it is
vital to life.

The pituitary gland is divided into an anterior lobe, or
adenohypophysis, and a posterior lobe, or neurohy-
pophysis. The anterior lobe is subdivided into the pars an-
terior (sometimes called the pars distalis) and the pars in-
termedia, which may be separated by a cleft that is a
remnant of an embryonic pouch. A projection from the pars
anterior, the pars tuberalis, extends up along the anterior
and lateral surfaces of the pituitary stalk.

Relations

e Superiorly: The diaphragma sellae, which has a central
aperture that allows the passage of the infundibulum. The
diaphragma sellae separates the anterior lobe from the
optic chiasma.
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o Inferiorly: The body of the sphenoid, with its sphenoid
dir sinuses.

e Laterally: The cavernous sinus and its contents.

e Posteriorly: The dorsum sellae, the basilar artery, and
the pons.

Bload Supply

The arteries are derived from the superior and inferior hy-
pophyseal arteries, branches of the internal carotid artery.
The veins drain into the intercavernous sinuses.

Parts of the Brain

For a detailed description of the gross structure of the brain,
a textbook of neuroanatomy should be consulted. In the fol-
lowing account, only the main parts of the brain are de-
scribed.

Major Parts of the Brain Cavities of the Brain
Cerebrum
Forebrain— Right and left
| lateral ventricles
Diencephalon Third ventricle
Midbrain Cerebral aqueduct
Hindbrain— Pons Fourth ventricle
Medulla and central
oblongata canal
Cerebellum

The brain is that part of the central nervous system that
lies inside the cranial cavity. It is continuous with the spinal
cord through the foramen magnum.

CEREBRUM

The cerebrum is the largest part of the brain and consists of
two cerebral hemispheres connected by a mass of white
matter called the corpus callosum (Fig. 1140). Each hemi-
sphere extends from the frontal to the occipital bones,
above the anterior and middle cranial fossae, and, posteri-
orly, above the tentorium cerebelli. The hemispheres are
separated by a deep cleft, the longitudinal fissure, into
which projects the falx cerebri (Fig. 1140).

The surface layer of each hemisphere is called the cor-
tex and is composed of gray matter (Fig. 11-15). The cere-
bral cortex is thrown into folds, or gyri, separated by fis-
sures, or sulci. By this means the surface area of the cortex
is greatly increased. Several of the large sulci conveniently
subdivide the surface of each hemisphere into lobes. The
lobes are named for the bones of the cranium under which
they lie (Fig. 1141).

The frontal lobe is situated in front of the central sul-
cus (Fig. 11-41) and above the lateral sulcus. The parietal
lobe is situated behind the central sulcus and above the lat-
eral sulcus. The occipital lobe lies below the parieto-oc-
cipital sulcus. Below the lateral sulcus is situated the tem-
poral lobe.

The precentral gyrus lies immediately anterior to the
central sulcus and is known as the motor area (Fig. 1141).
The large motor nerve cells in this area control voluntary
movements on the opposite side of the body. Most nerve
fibers cross over to the opposite side in the medulla oblon-
gata as they descend to the spinal cord.
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Figure 11-40 Sagittal section of the head and neck.
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Figure 11-41 A. Right side of the brain showing some important localized areas of cerebral func-
tion. Note that the motor speech area is most commonly located in the left rather than the right
cerebral hemisphere. B. Lateral surface of the cerebral hemisphere showing areas supplied by the
cerebral arteries. In this and the next diagram, areas colored blue are supplied by the anterior
cerebral artery; those colored red, by the middle cerebral artery; and those colored green, by the
posterior cerebral artery. C. Medial surface of the cerebral hemisphere showing the areas supplied
by the cerebral arteries.
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The medulla oblongata is conical in shape and con-
nects the pons above to the spinal cord below (Fig. 11-40)
.A median fissure is present on the anterior surface of the
medulla, and on each side of this is a swelling called the
pyramid (Fig. 1142). The pyramlds are composed of bun-
dles of nerve fibers that originate in large nerve cells in the
precentral gyrus of the cerebral cortex. The pyramids taper
below, and here most of the descending fibers cross over to
the opposite side, forming the decussation of the pyra-

mids.

Posterior to the pyramids are the olives, which are oval
elevations produced by the underlying olivary nuclei (Fig.
11-42). Behind the olives are the inferior cerebellar pe-
duncles, which connect the medulla to the cerebellum.

On the posterior surface of the inferior part of the
medulla oblongata are the gracile and cuneate tubercles,
produced by the medially placed underlying nucleus gra-
cilis and the laterally placed underlying nucleus cuneatus.

The cerebellum lies within the posterior cranial fossa
beneath the tentorium cerebelli (Fig. 11-40). It is situated
posterior to the pons and the medulla oblongata. It consists
of two hemispheres connected by a median portion, the
vermis. The cerebellum is connected to the midbrain by
the superior cerebellar peduncles, to the pons by the
middle cerebellar peduncles, and to the medulla by the
inferior cerebellar peduncles.

The surface layer of each cerebellar hemisphere, called
the cortex, is composed of gray matter. The cerebellar cor-
tex is thrown into folds, or folia, separated by closely set
transverse fissures. Certain masses of gray matter are found
in the interior of the cerebellum, embedded in the white
matter; the largest of these is known as the dentate nu-
cleus.

The cerebellum plays an important role in the control of
muscle tone and the coordination of muscle movement on
the same side of the body.

The cavity of the hindbrain is the fourth ventricle (Fig. 11-
40). This is bounded in front by the pons and the medulla
oblongata and behind by the superior and inferior
medullary vela and the cerebellum. The fourth ventricle is
connected above to the third ventricle by the cerebral aque-
duct, and below it is continuous with the central canal of the
spinal cord. It communicates with the subarachnoid space
through three openings in the lower part of the roof: a me-
dian and two lateral openings.

VENTRICLES OF THE BRAIN

The ventricles of the brain consist of the two lateral ventri-
cles, the third ventricle, and the fourth ventricle. The lateral
ventricles are in communication with the third ventricle
through the interventricular foramina (Fig. 11-40); the
third ventricle communicates with the fourth ventricle by
the cerebral aqueduct. The ventricles are filled with cere-
brospinal fluid, which is produced by the choroid
plexuses of the two lateral ventricles, the third ventricle,
and the fourth ventricle. The cerebrospinal fluid escapes
from the ventricular system through the three foramina in
the roof of the fourth ventricle and enters the subarachnoid
space. The circulation of the cerebrospinal fluid in the sub-
arachnoid space and the fluid’s ultimate absorption into the
bloodstream are described on pagel 06.
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Figure 11-42 Arteries and cranial nerves seen on the inferior surface of the brain. To show the
course of the middle cerebral artery, the anterior pole of the left temporal lobe has been removed.
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Branches of the Cerebral Portion of thelnternal Carotid Artery

@ The ophthalmic artery arises as the internal caroii:
artery emerges from the cavernous sinus (Fig. 1145). It
enters the orbit through the optic canal, below and lateral
to the optic nerve. It supplies the eye and other orbital
structures, and its terminal branches supply the frontal
area of the scalp, the ethmoid and frontal sinuses, and the
dorsum of the nose.

@ The posterior communicating artery is a small vessel
that runs backward to join the posterior cerebral artery
(Fig. 1142).

@ The choroidal artery, a small branch, passes backward,
enters the inferior horn of the lateral ventricle, and ends
in the choroid plexus.

e The anterior cerebral artery runs forward and medially
and enters the longitudinal fissure of the cerebrum (Fig.
11-42). It is joined to the artery of the opposite side by the

anterior communicating artery. It curves backward
over the corpus callosum, and its cortical branches sup-
ply all the medial surface of the cerebral cortex as far
back as the parieto-occipital sulcus (Fig. 1141). They alsg®

supply a strip of cortex about 1 inch (2.5 cm) wide on the«-ﬂ‘y

adjoining lateral surface. The anterior cerebral artery thus
supplies the “leg area” of the precentral gyrus. Several
central branches pierce the brain substance and supply
the deep masses of gray matter within the cerebral hemi-
sphere.

@ The middle cerebral artery, the largest branch of the in-
ternal carotid, runs laterally in the lateral cerebral sulcus
(Fig. 11-42). Cortical branches supply the entire lateral
surface of the hemisphere, except for the narrow strip
supplied by the anterior cerebral artery, the occipital
pole, and the inferolateral surface of the hemisphere,
which are supplied by the posterior cerebral artéry. This
artery thus supplies all the motor area except the “leg
area.” Central branches enter the anterior perforated
substance and supply the deep masses of gray matter
within the cerebral hemisphere.

Vertebral Artery

The vertebral artery, a branch of the first part of the subcla-
vian artery (Fig. 11-10), ascends the neck through the foram-
ina in the transverse processes of the upper six cervical ver-
tebrae. (See p. 43 .) It enters the skull through the foramen
magnum and passes upward, forward, and medially on the
medulla oblongata (Fig. 11-42). At the lower border of the
pons it joins the vessel of the opposite side to form the basi-
lar artery.

Cranial Branches
1. Meningeal arteries.
2. Anterior and posterior spinal arteries.
3. Posteroinferior cerebellar artery.
4. Medullary arteries.

Basilar Artery

The basilar artery, formed by the union of the two vertebral
arteries, ascends in a groove on the anterior surface of the
pons (Fig. 11-42). At the upper border of the pons it divides
into the two posterior cerebral arteries.

1. Itgives off branches to the pons, cerebellum, and internal
ear.

2. The posterior cerebral arteries.
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The posterior cerebral artery on each side curves lat-
erally and backward around the midbrain (Fig. 11-42).
Cortical branches supply the inferolateral surface of the
temporal lobe and the lateral and medial surfaces of the oc-
cipital lobe (Fig. 1141). It thus supplies the visual cortex.
Central branches pierce the brain substance and supply
(a) the deep masses of gray matter within the cerebral hemi-
sphere and (b) the midbrain.

Circle of Willis

The circle of Willis lies in the interpeduncular fossa at the
base of the brain. It is formed by the anastomosis between
the two internal carotid arteries and the two vertebral arter-
ies (Fig. 1142). The anterior communicating, the anterior
cerebral, the internal carotid, the posterior communicating,
the posterior cerebral, and the basilar arteries all contribute
to the circle. The circle of Willis allows blood that enters by
either internal carotid or vertebral arteries to be distributed
to any part of both cerebral hemispheres. Cortical and cen-
tral branches arise from the circle and supply the brain sub-
stance.

Veins of the Brain

The veins of the brain have no muscular tissue in their thin
walls, and they possess no valves. They emerge from the
brain and drain into the cranial venous sinuses (Fig. 11-15).
Cerebral and cerebellar veins and veins of the brainstem are
present. The great cerebral vein is formed by the union of
the two internal cerebral veins and drains into the straight
sinus (Fig. 11-36).

CRANIAL NERVES

The 12 pairs of cranial nerves are named as follows:

L. Olfactory (sensory).

I1. Optic (sensory).

1II. Oculomaotor (motor).

IV. Trochlear (motor).

V. Trigeminal (mixed).

VI. Abducent (motor).

VII. Facial (mixed).

VIII. Vestibulocochlear (sensory).
IX. Glossopharyngeal (mixed).
X. Vagus (mixed).

XI. Accessory (motor).

XII. Hypoglossal (motor).

The nerves emerge from the brain and are transmitted
through foramina and fissures in the base of the skull (Table
11-4). All the nerves are distributed in the head and neck ex-
cept the vagus, which also supplies structures in the thorax
and abdomen. The olfactory, optic, and vestibulocochlear
nerves are entirely sensory; the oculomotor, trochlear, ab-
ducent, aecessory, and hypoglossal nerves are entirely mo-
tor; and the remaining nerves are mixed.

Olfactory Nerve

The olfactory nerves, or nerves of smell, originate as the cen-
tral processes of the olfactory receptor nerve cells in the
mucous membrane of the upper part of the nose (above the
superior concha). (See p.174.) Bundles of these nerve fibers
pass through openings in the cribriform plate of the ethmoid
bone and end in the olfactory bulb in the anterior cranial
fossa (Fig. 11-36). Emerging from the posterior end of the ol-
factory bulb is a white band, the olfactory tract (Fig. 11-
42), which passes backward to the olfactory area of the
cerebral cortex.
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Optic Nerve

The optic nerve, or nerve of sight, is about 1.6 inches (4 cm)
long. It leaves the orbital cavity by passing through the optic
canal in company with the ophthalmic artery and enters the
cranial cavity (Fig. 1145). Within the orbit the nerve is sur-
rounded by the three meninges—the dura, arachnoid, and
pia mater—which carry with them an extension of the sub-
arachnoid space (Fig. 11-51). The nerves on both sides now
join one another to form the optic chiasma (Fig. 1145).
Here, the nerve fibers that arise from the medial (nasal) half
of each retina cross the midline and enter the optic tract of
the opposite side; the fibers from the lateral (temporal) half
of each retina pass posteriorly in the optic tract of the same
side.

The optic tract emerges from the posterolateral angle of
the optic chiasma and passes backward around the lateral
side of the midbrain to reach the lateral geniculate body.
A few fibers, serving pupillary and ocular reflexes, bypass
the lateral geniculate body and go directly to the pretectal
nucleus and the superior colliculus. From the lateral
geniculate body the optic radiation curves backward to
the visual cortex of the cerebral hemisphere.

Oculomotor Nerve

The oculomotor nerve is a motor nerve and supplies the fol-
lowing extrinsic muscles of the eye within the orbit: levator
palpebrae superioris, superior rectus, medial rectus, inferior
rectus, and inferior oblique. It also supplies the sphincter
pupillae and the ciliary muscle with parasympathetic fibers.

The oculomotor nerve emerges from the anterior aspect
of the midbrain medial to the cerebral peduncle (Figs. 11-38
and 11-39). The nerve passes close to and between the pos-
terior cerebral and superior cerebellar arteries (Fig. 11-42).
It runs forward in the lateral wall of the cavernous sinus and
divides into a superior and an inferior ramus, which enter
the orbit through the superior orbital fissure. (See p.139.)

Trochlear Nerve

The trochlear nerve is a motor nerve and is the most slender
of the cranial nerves. It supplies the superior oblique muscle
in the orbit. The nerve emerges from the posterior surface of
the midbrain (Figs. 11-38 and 11-39), just below the inferior
colliculi. It then curves forward around the lateral side of the
cerebral peduncle (Fig. 11-42). It runs forward in the lateral

wall of the cavernous sinus, lying slightly below the oculo- _

motor nerve.

The trochlear nerve enters the orbit through the superior
orbital fissure. (See p.139.)

Trigeminal Nerve

The trigeminal nerve contains both sensory and motor fibers
and is the largest cranial nerve. It supplies the sensory fibers
to the skin of the scalp, the face, the mouth, the teeth, the
nasal cavity, and the paranasal air sinuses and supplies mo-
tor fibers to the muscles of mastication (and the tensor veli
palatini and tensor tympani muscles).

1§ madl cuaall JI
(B ey 1.6 Jm b i) car f s padl ad
(el Ob 2l Gl e 2 pa ) LA Yot g 05 8 ) D g ol
manll bl mladl i (45-11 Sy Camill O g I
s Jad g_ﬂn_;,)_.g_u 1 155 Sl (sl — M Yoy
ok A cmaall sy (5111 JSCa) Kl of ell ol
s L (4511 Js_,m omad! Cladi M Bl il g
bt 1a8s JSU (W) Y Gl s sl danll LY
OLIY i Lz alal) agdl (3 (6 pmmmd) e e sl
by 1S S (ball) o el o 2aslE dpaaal
Akl Gl (s el el
‘Ls,..a.!! ;JLga_U L_.»}Jl Laldl ‘\_,_,IJJ|U_”_5_,,,4_J1J_..JI
el y 25k ux__s..u Ji Lo Jons uu‘ym o el e ﬁ-,ll
oy B B e ) 5
§ —ad) gl sy r ) SN )y el deSTY)
sl 5 S rad 4 padt 5 3l ] fead G o o
opald &Yyt cuaat! TTT
o ikl o anll amyy e e pa ] B2 al
g lall At (g el u_.,,uq_,‘,xju A ladl s al
wlju_u.l ,J_..,,wm AL il Azl s (e Y1 Rzl
A gY OUL Lagl
el el Lol ;‘—*‘1' et 0 ndl) 80 cinel, g
b Gy a5 (39538 - 11 Oy sl u..)..Jl
—1: JS-JI) 54 S5 L [ sl s.z:‘ﬂ_&“’“b&s?‘“
iy Lia g ¢¢4§J| el e b g PN s o (42
g_b-u G I ) 03— iy ke — (e
(139 imiall o) 55l

165 cuaat! IV

WLQ}SQ'M';JJ‘H_:’MH S SN nanll
Gt CL*'LLE-B_:—H:-L"——UM‘M’J il LAasY)
¢(39538 -11 038 Lol  Loll L C.L__nu,..__,,,,n
‘-’“:_i'_“flii’ifbm g o i) I s ok Lus
i ) ) 3PS ey 5 (42 11J§_..Jl)4_.,.11w,_..15
ez ) 8 A ) Ji e o gﬂﬁ‘
Sl ol G It o Ll (S ;_.a,nd;._u
(139 iiall gl )

(edlaid| Eulie cuaat) .V
f_ﬂ vy u_{f m_.uiJ e Lt t._erl.:,l;, anll (g

PRI tr_;!l u._»)ll s J_di_\_lJ-A._..,-l_ol_ll“s.L.; g_»‘;
«_fJ,.L.lJlg_h.,LS‘_uN!u\aul”J'.qul ng"rg.-‘y-_’
A 53l thadlly U 350 aliaall ) ) S )

s

iallg ul ) i pie (G3lontl Juadl| ——

@



sl ace 1 o4 -11) fpnd

dared o g 2 % @ Boeadll aab i <l Sl e
ol i piall dsviall 3 oA FeCh ) = N |
S
i ) S a3 o gt I
Sl okt o | Wy Jie S5 AN 5y 5 bl i i G 820
el dilall ) oy Bkl el y
Sl ottt 52 ot Ay Jae) o i) 45 3 sl S AV
W @ el Y
S okt B2 | iy Gy sty Byl Rgo i 2 A g - B
AW Dy Y il o pnl] bl
A 2 | S Oty Bl B4 5 el il 5 ol - 5 sl Sl Ly
Solall S Sl oy G Bl lsilly (s Ll
Sk
G g B2 | o WLl A Al pall o3lae (e & it (S Lz
Al 5500 2kl il 370 akinaly e
A oy Bl aaty e B G by i Al —
slaally i S sl badlly i eld ok,
Ol r el il y ill by
Sl ) AN | i BdE g5 ) (25t ) A ) A Ll ey & et VI
o
cptom g Gl ¢ B el e | O3 3 RS N Ll 3y il A e g at any S (g$m A VI
Aflas 4 ) A ol oMl iy 2l g YLy e
by i ais )l y Ol a1 el e G —
el 3l y Ol s g il = Olalalll OB oany 450 a0
Sakly L) sk
O I [JERAPRUIRY |
b pe ) F s AN E oy iy By — & s
= ¥ o 184
Lorla ol a2l Cutag..;g;m_lt Ja gal ) 3 Y1 Al Can ;J,. .”a_’nl,!'l ;_y.....lh IX
S aglalll 3aall 8,21 51 g o
ey bl y Sl A A e Gl oy el -
7 G by Ll
aarls ) Al | oM andly § ) & ot oM andly pgall) @Al el & X
prldl o g W Sl y Ly ol sl a3
O PR PR P RN AR
NS R S PR B PR Y UPPUES P Y FLIPRE JR U —
el 33)) ) dmy 2l
g L XT
arls i a2l b iy ppaldly OO oY &~ B e
Bl a4y 201 2AN dlaall & S i
Ol o Gadl | a8l ey 4y Ol S e d e ) OL s &S~ Ol o XTI
(sl

— Bty gl e ol Juadl

-0—



! Table 11-4 Cranial Nerves

Name of Nerve Components Function Opening in Skull
I. Olfactory Sensory Smell Openings in cribriform
plate of ethmoid
II. Optic Sensory Vision Optic canal
IIl. Oculomotor Motor Lifts upper eyelid, turns eyeball upward, Superior orbital fissure
downward, and medially; constricts
pupil; and accommodates eye
IV. Trochlear Motor Assists in turning eyeball downward and Superior orbital fissure
laterally
V. Trigeminal
Ophthalmic Sensory Cornea, skin of forehead, scalp, eyelids, Superior orbital fissure
division and nose; also mucous membrane of
paranasal sinuses and nasal cavity
Maxillary division Sensory Skin of face over maxilla and the upper lip; Foramen rotundum
teeth of upper jaw; mucous membrane of
nose, the maxillary air sinus, and palate
Mandibular Motor Muscles of mastication, mylohyoid, anterior Foramen ovale
division belly of digastric, tensor veli palatini, and
tensor tympani
Sensory Skin of cheek, skin over mandible, lower
lip, and side of head; teeth of lower jaw
and temporomandibular joint; mucous
membrane of mouth and anterior two-
thirds of tongue
VI. Abducent Motor Lateral rectus muscle: turns eyeball laterally Superior orbital fissure
VII. Facial Motor Muscles of face, cheek, and scalp; Internal acoustic meatus,
stapedius muscle of middle ear; facial canal, stylomastoid
stylohyoid; and posterior belly of digastric foramen
Sensory Taste from anterior two-thirds of tongue,
floor of mouth and palate
Secretomotor Submandibular and sublingual salivary
parasympathetic glands, lacrimal gland, and glands of
nose and palate
VIII. Vestibulocochlear
Vestibular Sensory Position and movement of head Internal acoustic meatus
~ Cochlear Sensory Hearing
IX. Glossopharyngeal Motor Stylopharyngeus muscle: assists swallowing
Secretomotor Parotid salivary gland Jugular foramen
parasympathetic
Sensory General sensation and taste from posterior
third of tongue and pharynx; carotid
sinus and carotid body
X. Vagus Motor Constrictor muscles of pharynx and Jugular foramen
intrinsic muscles of larynx; involuntary
muscle of trachea and bronchi, heart,
alimentary tract from pharynx to splenic
flexure of colon; liver and pancreas
Sensory Taste from epiglottis and vallecula and
afferent fibers from structures
named above
XI. Accessory
Cranial root Motor Muscles of soft palate, pharynx, and larynx Jugular foramen
Spinal root Motor Sternocleidomastoid and trapezius muscles
XII. Hypoglossal Motor Muscles of tongue controlling its shape Hypoglossal canal

and movement (except palatoglossus)
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The trigeminal nerve emerges from the anterior surface
of the pons by a large sensory and a small motor root, the
motor root lying medial to the sensory root (Fig. 11-42). The
nerve passes forward out of the posterior cranial fossa, be-
low the superior petrosal sinus, and carries with it a pouch
derived from the meningeal layer of dura mater. On reach-
ing the depression on the apex of the petrous part of the tem-
poral bone in the middle cranial fossa, the large sensory root
expands to form the trigeminal ganglion (Figs. 11-38 and
11-45). The trigeminal ganglion is crescentic and lies within
the pouch of dura mater called the trigeminal cave. The
motor root of the trigeminal nerve is situated below the sen-
sory ganglion and is completely separate from it. The oph-
thalmic, maxillary, and mandibular nerves arise from the an-
terior border of the ganglion (Fig. 11-45).

The ophthalmic nerve (V1) is purely sensory and is the
smallest division of the trigeminal nerve. It runs forward in
the lateral wall of the cavernous sinus below the oculomo-
tor and trochlear nerves (Figs. 11-39 and 1145). It divides
into three branches—the lacrimal, frontal, and nasocil-
iary nerves—which enter the orbital cavity through the su-
perior orbital fissure. (See p.139.)

The maxillary nerve (V2) is purely sensory. It runs for-
ward along the lower part of the lateral wall of the cav-
ernous sinus (Figs. 11-39 and 11-45). It leaves the skull
through the foramen rotundum to enter the pterygopalatine
fossa. (See p.157.)

The mandibular nerve (V3) is motor and sensory and is
the largest division of the trigeminal nerve. The large sensory
root leaves the lateral part of the trigeminal ganglion and
passes almost at once through the foramen ovale (Fig. 11-
45). The small motor root passes beneath the ganglion, then
through the foramen ovale. Immediately after emerging
from the foramen, the motor root joins the sensory root. The
course and branches of the mandibular nerve in the in-
fratemporal fossa are described on page 72 .

Abducent Nerve

The abducent nerve is a small motor nerve and supplies the
lateral rectus muscle of the eyeball. It emerges from the an-
terior surface of the brain, between the lower border of the
pons and the medulla oblongata (Fig. 11-42). It lies at first in
the posterior cranial fossa (Fig. 11-37). It then turns sharply
forward, crossing the superior border of the petrous part of
the temporal bone. Having entered the cavernous sinus, it
runs forward with the internal carotid artery (Figs. 11-38 and
11-39). It enters the orbital cavity through the superior or-
bital fissure. (See p.140.)

Facial Nerve

The facial nerve has a medial motor root and a lateral sen-
sory root, the nervus intermedius. The motor root supplies
the muscles of the face, the scalp and auricle, the buccina-
tor, the platysma, the stapedius, the stylohyoid, and the pos-
terior belly of the digastric. The sensory root carries taste
fibers from the anterior two-thirds of the tongue, the floor of
the mouth, and the palate. It also conveys parasympathetic
secretomotor fibers to the submandibular and sublingual
salivary glands, the lacrimal gland, and the glands of the
nose and palate.
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The two roots of the facial nerve emerge from the ante-
rior surface of the brain between the lower border of the
pons and the medulla oblongata (Fig. 11-42). They pass lat-

erally and forward in the posterior cranial fossa with the
vestibulocochlear nerve to the opening of the internal
acoustic meatus (Fig. 11-53). At the bottom of the meatus,
the nerve enters the facial canal and runs laterally above the
vestibule of the labyrinth (Fig. 11-55) until it reaches the me-
dial wall of the tympanic cavity. (See p.154.)

Vestibulocochlear Nerve

The vestibulocochlear nerve consists of two sets of sensory
fibers: vestibular and cochlear. The vestibular fibers,
which are concerned with equilibrium, represent the cen-
tral processes of nerve cells of the vestibular ganglion.
This is located in the outer part of the internal acoustic mea-
tus.

The cochlear fibers, which are concerned with hearing,
represent the central processes of nerve cells of the spiral
ganglion of the cochlea.

The two parts of the nerve leave the anterior surface of
the brain between the lower border of the pons and the
medulla oblongata (Fig. 11-42). They cross the posterior cra-
nial fossa and enter the internal acoustic meatus with the fa-
cial nerve (Fig. 11-53).

Glossopharyngeal Nerve

The glossopharyngeal nerve is a motor and sensory nerve.
The motor fibers supply the stylopharyngeus muscle;
parasympathetic secretomotor fibers supply the parotid sali-
vary gland. The sensory fibers (including the taste fibers)
pass to the posterior third of the tongue and the pharynx.

The glossopharyngeal nerve emerges from the anterior
surface of the upper part of the medulla oblongata by three
or four rootlets between the olive and the inferior cerebellar
peduncle (Fig. 11-42). It passes forward and laterally be-
neath the cerebellum in the posterior cranial fossa and
leaves the skull by passing downward. through the central
part of the jugular foramen. Its further course in the neck is
described on page 85 .

The superior and inferior sensory glossopharyngeal
ganglia are situated on the nerve as it passes through the
jugular foramen.

Vagus Nerve

The vagus nerve is composed of motor and sensory fibers. It
supplies the heart and the major part of the respiratory and
intestinal tracts.

The vagus nerve emerges from the anterior surface of the
upper part of the medulla oblongata by 8 or 10 rootlets be-
tween the olive and the inferior cerebellar peduncle (Fig.
11-42). It lies below the glossopharyngeal nerve. The nerve
passes laterally beneath the cerebellum in the posterior cra-
nial fossa and leaves the skull through the central part of the
jugular foramen. Its further course in the neck is described

on page 33 .

The superior vagal sensory ganglion is situated on the
nerve as it passes through the jugular foramen. The inferior
vagal sensory ganglion lies on the nerve a short distance
below the foramen.
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Accessory Nerve

The accessory nerve is a motor nerve. It consists of a small
cranial root that is distributed through the branches of the
vagus nerve to the muscles of the soft palate, pharynx, an(_j
larynx, and a large spinal root that innervates the sternoclei-
domastoid and trapezius muscles.

The cranial root emerges from the anterior surface of
the upper part of the medulla oblongata by four or five
rootlets between the olive and the inferior cerebellar pe-
duncle (Fig. 11-42). It lies below the vagus nerve. The nerve
runs laterally beneath the cerebellum in the posterior cra-
nial fossa and joins the spinal root. _

The spinal root arises from nerve cells in the anterior
gray column of the upper five segments of the cervical part
of the spinal cord. The nerve fibers emerge on the lateral sur-
face of the spinal cord and form a nerve trunk. The nerve as-
cends alongside the spinal cord and enters the skull through
the foramen magnum; it then turns laterally to join the cra-
nial root.

They pass through the jugular foramen, and then the cra-
nial portion separates from the spinal root and becomes ad-
herent to the inferior ganglion of the vagus (Fig. 11-9). The
fibers of the cranial root are distributed chiefly in the pha-
ryngeal and recurrent laryngeal branches of the vagus.

The spinal root runs backward, crossing the internal jugu-
lar vein to reach the upper part of the sternocleidomastoid

muscle. Its further course in the neck is described on page
35

Hypoglossal Nerve

The hypoglossal nerve is the motor nerve supply to all the in-
trinsic muscles of the tongue and, in addition, the styloglos-
sus, the hyoglossus, and the genioglossus muscles. The
nerve emerges as a number of rootlets on the anterior sur-
face of the medulla oblongata between the pyramid and the
olive (Fig. 11-42). The nerve runs laterally in the posterior
cranial fossa and leaves the skull through the hypoglossal
canal. Its further course in the neck is described on page
36.

The cranial nerves, their component parts, their function,
and the openings through which they exit from the skull are
summarized in Table 114.

Orbital Region

The orbits are a pair of bony cavities that contain the eye-
balls; their associated muscles;, nerves, vessels, and fat; and
most of the lacrimal apparatus. The orbital opening is
guarded by two thin, movable folds, the eyelids.

EYELIDS

The eyelids are placed in front of the eye, which is protected
from injury and excessive light by their closure (Fig. 1143).
The upper eyelid is larger and more mobile than the lower,
and they meet each other at the medial and lateral angles.
The palpebral fissure is the elliptical opening between the
eyelids and is the entrance into the conjunctival sac. When
the eye is closed, the upper eyelid completely covers the
cornea of the eye. When the eye is open and looking straight
ahead, the upper lid just covers the upper margin of the
cornea. The lower lid lies just below the corhea when the
eye is open and rises only slightly when the eye is closed.
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The superficial surface of the eyelids is covered by skin,
and the deep surface is covered by a mucous membrane,
called the conjunctiva. The eyelashes, which are short,
curved hairs, are present on the free edges of the eyelids
(Fig. 11-43). They are arranged in double or triple rows at the
mucocutaneous junction. The sebaceous glands (glands of
Zeis) open directly into the eyelash follicles. The ciliary
glands (glands of Moll) are modified sweat glands that
open separately between adjacent lashes. The tarsal
glands are long, modified sebaceous glands that pour their
oily secretion onto the margin of the lid; their openings lie
behind the eyelashes (Fig. 11-43). This oily material prevents
the overflow of tears and helps to make the closed eyelids
airtight.

The lateral angle of the palpebral fissure is more acute
than the medial angle and lies directly in contact with the
eyeball. The more rounded medial angle is separated from
the eveball by a small space, the lacus lacrimalis, in the
center of which is a small, reddish-yellow elevation, the
caruncula lacrimalis (Fig. 11-43). A reddish semilunar
fold, called the plica semilunaris, lies on the lateral side of
the caruncle.

Near the medial angle of the eye, the eyelashes and the
tarsal glands stop abruptly, and a small elevation, the
papilla lacrimalis, is present. On the summit of the papilla
is a small hole, the punctum lacrimale, which leads into
the canaliculus lacrimalis (Fig. 1143). The papilla
lacrimalis projects into the lacus, and the punctum and
canaliculus carry tears down into the nose. (See p.125.)

The conjunctiva is a thin mucous membrane that lines
the eyelids and is reflected at the superior and inferior for-
nices onto the anterior surface of the eyeball (Fig. 11-43). Its
epithelium is continuous with that of the cornea. The upper
lateral part of the superior fornix is pierced by the ducts of
the lacrimal gland. (See p.125.) The conjunctiva thus forms
a potential space, the conjunctival sac, which is open at
the palpebral fissure.

Beneath the eyelid is a groove, the subtarsal sulcus,
which runs close to and parallel with the margin of the lid
(Fig. 1143). The sulcus tends to trap small foreign particles
introduced into the conjunctival sac and is thus clinically
important.

The fibrous framework of the eyelids is formed by a mem-
branous sheet, the orbital septum (Fig. 11-43). This is at-
tached to the orbital margin, where it is continuous with the
periosteum. The orbital septum is thickened at the margins
of the lids to form the tarsal plates, which are crescentic
laminae of dense fibrous tissue, and the superior tarsal plate
is the larger. The lateral ends of the plates are attached by a
band, the lateral palpebral ligament, to a bony tubercle
just within the orbital margin. The medial ends of the plates
are attached by a band, the medial palpebral ligament, to
the crest of the lacrimal bone (Fig. 1143). The tarsal glands
are embedded in the posterior surface of the tarsal plates.

The superficial surface of the tarsal plates and the orbital
septum are covered by the palpebral fibers of the orbicu-
laris oculi muscle. (See Table 112, p. 60.) The aponeuro-
sis of insertion of the levator palpebrae superioris mus-
cle pierces the orbital septum to reach the anterior surface
of the superior tarsal plate and the skin (Fig. 1143).
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Figure 11-43  A. Right eye, with the eyelids separated to show the openings of the tarsal glands,
plica semilunaris, caruncula lacrimalis, and puncta lacrimalia. B. Left eye, showing the superior
and inferior tarsal plates and the lacrimal gland, sac, and duct. Note that a small window has been
cut in the orbital septum to show the underlying lacrimal gland and fat (yellow). C. Sagittal section
through the upper eyelid, and the superior fornix of the conjunctiva. Note the presence of smooth
muscle in the levator palpebrae superioris.
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Movements of the Eyelids

The position of the eyelids at rest depends on the tone of the
orbicularis oculi and the levator palpebrae superioris mus-
cles and the position of the eyeball. The eyelids are closed
by the contraction of the orbicularis oculi and the relaxation
of the levator palpebrae superioris muscles. The eye is
opened by the levator palpebrae superioris raising the up-
per lid. On looking upward, the levator palpebrae superioris
contracts, and the upper lid moves with the eyeball. On
looking downward, both lids move, the upper lid continues
to cover the upper part of the cornea, and the lower lid is
pulled downward slightly by the conjunctiva, which is at-
tached to the sclera and the lower lid.

LACRIMAL APPARATUS

Lacrimal Gland

The lacrimal gland consists of a large orbital part and a
small palpebral part, which are continuous with each
other around the lateral edge of the aponeurosis of the lev-
ator palpebrae superioris. It is situated above the eyeball in
the anterior and upper part of the orbit posterior to the or-
bital septum (Fig. 11-43). About 12 ducts open from the
lower surface of the gland into the lateral part of the superior
fornix of the conjunctiva.

Nerve Supply

The parasympathetic secretomotor nerve supply is derived
from the lacrimal nucleus of the facial nerve. The pregan-
glionic fibers reach the pterygopalatine ganglion
(sphenopalatine ganglion) via the nervus intermedius and
its great petrosal branch and via the nerve of the pterygoid
canal. The postganglionic fibers leave the ganglion and join
the macxillary nerve. They then pass into its zygomatic
branch and the zygomaticotemporal nerve. They reach the
lacrimal gland within the lacrimal nerve.

The sympathetic postganglionic fibers travel in the inter-
nal carotid plexus, the deep petrosal nerve, the nerve of the
pterygoid canal, the maxillary nerve, the zygomatic nerve,
the zygomaticotemporal nerve, and finally the lacrimal
nerve.

Lacrimal Ducts

The tears circulate across the cornea and accumulate in the
lacus lacrimalis. From here, the tears enter the canaliculi
lacrimales through the puncta lacrimalia. The canaliculi
lacrimales pass medially and open into the lacrimal sac
(Fig. 11-43), which lies in the lacrimal groove behind the
medial palpebral ligament and is the upper blind end of the
nasolacrimal duct.

The nasolacrimal duct is about 1/2 inch (1.3 ¢m) long
and emerges from the lower end of the lacrimal sac (Fig. 11-
43). The duct descends downward, backward, and laterally
in an osseous canal and opens into the inferior meatus of
the nose. The opening is guarded by a fold of mucous mem-
brane known as the lacrimal fold. This prevents air from
being forced up the duct into the lacrimal sac on blowing
the nose.
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The Orbit
DESCRIPTION

The orbit is a pyramidal cavity with its base in front and its
apex behind (Fig. 11-44). The orbital margin is formed
above by the frontal bone, which is notched or canalized for
the passage of the supraorbital nerve and vessels. The lateral
margin is formed by the processes of the frontal and zygo-
matic bones. The inferior margin is formed by the zygomatic
bone and the maxilla. The medial margin is formed by the
processes of the maxilla and the frontal bone.

The roof of the orbit is formed by the orbital plate of the
frontal bone, which separates the orbital cavity from the an-
terior cranial fossa and the frontal lobe of the cerebral hemi-
sphere. The lateral wall is composed of the zygomatic
bone and the greater wing of the sphenoid (Fig. 11-44). The
floor is formed by the orbital plate of the maxilla, which
separates the orbital cavity from the maxillary sinus. The
medial wall consists, from before backward, of the frontal
process of the maxilla, the lacrimal bone, the orbital plate of
the ethmoid (which separates the orbital cavity from the eth-
moid sinuses), and the body of the sphenoid.

OPENINGS INTO THE ORBITAL CAVITY

Orbital Opening

The orbital opening lies anteriorly (Fig. 11-44). About one-
sixth of the eye is exposed; the remainder is protected by the
walls of the orbit.

Supraorbital Notch (Foramen)

The supraorbital notch is situated on the superior orbital
margin (Fig. 11-44). It transmits the supraorbital nerve and
blood vessels.

Infraorbital Groove and Canal

The infraorbital groove and canal are situated on the floor of
the orbit in the orbital plate of the maxilla (Fig. 11-46); they
transmit the infraorbital nerve (a continuation of the maxil-
lary nerve) and blood vessels.

Nasolacrimal Canal

The nasolacrimal canal is located anteriorly on the medial
wall; it communicates with the inferior meatus of the nose
(Fig. 11-43). It transmits the nasolacrimal duct.

Inferior Orbital Fissure

The inferior orbital fissure is located posteriorly between the
maxilla and the greater wing of the sphenoid (Fig. 11-44); it
communicates with the pterygopalatine fossa. It transmits
the maxillary nerve and its zygomatic branch, the inferior
ophthalmic vein, and sympathetic nerves.

Superior Orbital Fissure

The superior orbital fissure is located posteriorly between
the greater and lesser wings of the sphenoid (Fig. 1144); it
communicates with the middle cranial fossa. It transmits the
lacrimal nerve, the frontal nerve, the trochlear nerve, and
oculomotor nerve (upper and lower divisions), the abdu-
cent nerve, the nasociliary nerve, and the superior oph-
thalmic vein.
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Optic Canal s puadstiat  VII

The optic canal is located posteriorly in the lesser wing of = «(d4-11 Sy o ) Jdaall aall C\_-;__l 3 Ln.l;- oS

the sphenoid (Fig. 11-44); it communicates with the middle L e] | | . Ty -
cranial fossa. It transmits the optic nerve and the ophthalmic St gt L 6y e 1 L Js

artery. ey
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bridges the inferior orbital fissure. It is supplied by sympa- 2 i :
thetic nerves, and its function is unknown, Ay B33 g2 Aaall ods ani s (i)

MUSCLES OF THE ORBIT glesdlciBlas Y
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nerve causes severe drooping of the upper lid (ptosis); di-

vision of the cervical sympathetic paralyzes the smooth JJJ" L""" Ui oLl alaall U d JL" PREES
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e Insertion: As each rectus muscle passes forward, it be-
comes wider and diverges from its neighbor. Together,
they form a muscular cone that encloses the optic nerve
and the posterior part of the eyeball. The tendon of each
muscle pierces the fascial sheath of the eyeball (see be-
low) and is inserted into the sclera about 6 mm behind
the margin of the cornea.

e Nerve supply: The superior, inferior, and medial recti
are supplied by the oculomotor nerve; the lateral rectus is
supplied by the abducent nerve.

@ Actions: The lateral rectus rotates the eyeball so that the
cornea looks laterally (Figs. 1147 and 11-49). The medial
rectus rotates the eyeball so that the cornea looks medi-
ally (Figs. 1147 and 11-49).

Because the superior and inferior recti are inserted on
the medial side of the vertical axis of the eyeball, they not
only raise and depress the cornea, respectively, but also ro-
tate it medially (Figs. 11-47 and 1149). For the superior
rectus muscle to raise the cornea directly upward, the infe-
rior oblique must assist; and for the inferior rectus to depress
the cornea directly downward, the superior oblique must as-
sist. (See text on action of the oblique muscles.)

Superior Oblique (Figs. 11-44, 11-45, and 11-46)

e Origin: From the body of the sphenoid bone.

e Insertion: Its rounded belly passes forward and gives
way to a slender tendon, which passes through a fibro-
cartilaginous pulley attached to the frontal bone. The ten-
don now turns backward and laterally, pierces the fascial
sheath of the eyeball, and is inserted into the sclera be-
neath the superior rectus. It is attached to the sclera be-
hind the coronal equator of the eyeball, and the line of
pull of the tendon passes medial to the vertical axis.

e Nerve supply: Trochlear nerve.

e Action: The superior oblique rotates the eyeball (Figs. 11-
48 and 1149) so that the cornea looks (1) downward and
(2) laterally. (See text on action with the inferior rectus
muscle.)

Inferior Oblique (Figs. 11-44 and 11-46)

e Origin: From the anterior part of the floor of the orbit.

e Insertion: The narrow muscle passes backward and lat-
erally below the inferior rectus. It is inserted into the
sclera behind the coronal equator, and the line of pull of
the tendon passes medial to the vertical axis.

e Nerve supply: Oculomotor nerve.

e Action: The inferior oblique (Figs. 1148 and 1149) ro-
tates the eyeball so that the cornea looks (1) upward and
(2) laterally. (See text on-action with the superior rectus
muscle.)

The extraocular muscles, their nerve supply, and their ac-
tions are summarized in Table 11-5.

Clinical Testing for the Actions of theSuperior and
Inferior Recti and the Superior and Inferior Oblique
Muscles

Because the actions of the superior and inferior recti and the
superior and inferior oblique muscles are complicated
when a patient is asked to look vertically upward or verti-
cally downward, the physician tests the eye movements
where the single action of each muscle predominates.
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Figure 11-45 Right and left orbital cavities viewed from above. The roof of the orbit, formed by the
orbital plate of the frontal bone, has been removed from both sides. On the left side, the levator
palpebrae superioris and the superior rectus muscles have also been removed to expose the un-
derlying structures.
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Figure 11-46 Muscles and nerves of the right orbit viewed from the lateral side. The maxillary
nerve and the pterygopalatine ganglion are also shown.
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Because the lateral and medial recti are simply placed
relative to the eyeball, asking the patient to turn his or her
comea directly laterally tests the lateral rectus and turning
the comea directly medially tests the medial rectus.

The cardinal positions of the eyes and the actions of the
recti and oblique muscles are shown in Figure 11-50.
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Figure 11-47 Diagrams showing the actions of the four recti muscles in producing movements of
the eyeball.
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Figure 11-48 Diagrams showing the actions of the superior and inferior oblique muscles in
producing movements of the eyeball.
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! Table 11-5 Muscles of the Eyeball and Eyelids

Name of Muscle Origin

Insertion

Nerve Supply

T e 3 AR S 4 T

Action

Tendinous ring on
posterior wall of

Superior rectus

orbital cavity
Inferior rectus Tendinous ring on

posterior wall of

orbital cavity
Medial rectus Tendinous ring on

posterior wall of
orbital cavity

Lateral rectus Tendinous ring on
posterior wall of

orbital cavity

Posterior wall of
orbital cavity

Superior oblique

Inferior oblique Floor of orbital cavity

Intrinsic Muscles of Eyeball (Smooth Muscle)
Sphincter pupillae of
iris
Dilator pupillae of
iris
Ciliary muscle

Muscles of Eyelids

Orbicularis oculi (see
Table 11-2)

Levator palpebrae
superioris

Back of orbital cavity

Extrinsic Muscles of Eyeball (Striated Skeletal Muscle)

Superior surface of
eyeball just
posterior to
corneoscleral
junction

Inferior surface of
eyeball just
posterior to
corneoscleral
junction

Medial surface of
eyeball just
posterior to
corneoscleral
junction

Lateral surface of
eyeball just
posterior to
comeoscleral
junction

Passes through pulley
and is attached to
superior surface of
eyeball beneath
superior rectus

Lateral surface of
eyeball deep to
lateral rectus

Anterior surface and
upper margin of
superior tarsal
plate

Oculomotor nerve
(third cranial
nerve)

Oculomotor nerve
(third cranial
nerve)

Oculomotor nerve
(third cranial
nerve)

Abducent nerve

(sixth cranial nerve)

Trochlear nerve
(fourth cranial
nerve)

Oculomotor nerve
(third cranial
nerve)

Parasympathetic via
oculomotor nerve
Sympathetic

Parasympathetic via
oculomotor nerve

Striated muscle

oculomotor nerve,

smooth muscle
sympathetic

Raises cornea upward
and medially

Depresses cornea
downward and
medially

Rotates eyeball so
that cornea looks
medially

Rotates eyeball so
that cornea looks
laterally

Rotates eyeball to
that cornea looks
downward and
laterally

Rotates eyeball so
that cornea looks
upward and
laterally

Constricts pupil

Dilates pupil

Controls shape of
lens; in accommo-

dation, makes
lens more globular

Raises upper lid
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Figure 11-49  Actions of the four recti and two oblique muscles of the right orbit, assuming that
each muscle is acting alone. The position of the pupil in relation to the vertical and horizontal
planes should be noted in each case. The actions of the superior and inferior recti and the oblique
muscles in the living intact eye are tested clinically as described on page 129.
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Figure 11-50 The cardinal positions of the right and left eyes and the actions of the recti and

oblique muscles principally responsible for the movements of the eyes. A. Right eye, superior rec-

tus muscle; left eye, inferior oblique muscle. B. Both eyes, superior recti and inferior oblique mus-

cles. C. Right eye, inferior obligue muscle; left eye, superior rectus muscle. D. Right eye, lateral

rectus muscle; left eye, medial rectus muscle. E. Primary position, with the eyes fixed on a distant

fixation point. F. Right eye, medial rectus muscle; left eye, lateral rectus muscle. G. Right eye, infe-

rior rectus muscle; left eye, superior oblique muscle. H. Both eyes, inferior recti and superior

oblique muscles. I. Right eye, superior oblique muscle; left eye, inferior rectus muscle.
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Figure 11-51 A. Horizontal section through the eyeball and the optic nerve. Note that the centr_al
artery and vein of the retina cross the subarachnoid space to reach the optic nerve. B. Check liga-

ments and suspensory ligament of the eyeball.
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NERVES OF THE ORBIT

Optic Nerve

The optic nerve enters the orbit from the middle cranial
fossa by passing through the optic canal (Fig. 1145). It is ac-
companied by the ophthalmic artery, which lies on its lower
lateral side. The nerve is surrounded by sheaths of pia
mater, arachnoid mater, and dura mater (Fig. 11-51). It runs
forward and laterally within the cone of the recti muscles
and pierces the sclera at a point medial to the posterior pole
of the eyeball. Here, the meninges fuse with the sclera so
that the subarachnoid space with its contained cere-
brospinal fluid extends forward from the middle cranial
fossa, around the optic nerve, and through the optic canal,
as far as the eyeball. A rise in pressure of the cerebrospinal
fluid within the cranial cavity therefore is transmitted to the
back of the eyeball.

Lacrimal Nerve

The lacrimal nerve arises from the ophthalmic division of
the trigeminal nerve in the lateral wall of the cavernous si-
nus. (See p.117.) It is a slender nerve and enters the orbit
through the upper part of the superior orbital fissure (Fig. 11-
44). It passes forward along the upper border of the lateral
rectus muscle (Fig. 11-45). 1t is joined by a branch of the zy-
gomaticotemporal nerve, which later leaves it to enter the
lacrimal gland (parasympathetic secretomotor fibers). The
lacrimal nerve ends by supplying the skin of the lateral part
of the upper lid.

Frontal Nerve

The frontal nerve arises from the ophthalmic division of the
trigeminal nerve in the lateral wall of the cavernous sinus.
(See p.117.) It enters the orbit through the upper part of the
superior orbital fissure (Fig. 1144) and passes forward on
the superior surface of the levator palpebrae superioris, be-
tween that muscle and the roof of the orbit (Fig. 11-45). It di-
vides into the supratrochlear and supraorbital nerves.
The supratrochlear nerve passes above the pulley for the su-
perior oblique muscle and winds around the upper margin
of the orbital cavity to supply the skin of the forehead. The
larger supraorbital nerve passes through the supraorbital
notch, or foramen, and supplies the skin of the forehead lat-
eral to the area supplied by the supratrochlear nerve. (See
p. 55.) The supraorbital nerve also supplies the mucous
membrane of the frontal air sinus.

Trochlear Nerve

The trochlear nerve leaves the lateral wall of the cavernous
sinus (see p.117) and enters the orbit through the upper part
of the superior orbital fissure (Fig. 1144). It runs forward and
medially across the origin of the levator palpebrae superi-
oris and enters the superior oblique muscle (Fig. 1145).

Oculomotor Nerve

The superior ramus of the oculomotor nerve leaves the lat-
eral wall of the cavernous sinus (see p.117) and enters the
orbit through the lower part of the superior orbital fissure,
within the tendinous ring (Fig. 1144). It supplies the supe-
rior rectus muscle, then pierces it, and supplies the overly-
ing levator palpebrae superioris muscle (Fig. 1144).
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The inferior ramus of the oculomotor nerve enters the
orbit in a similar manner and gives off branches to the infe-
rior rectus, the medial rectus, and the inferior oblique mus-
cles. The nerve to the inferior oblique gives off a branch
(Fig. 1146) that passes to the ciliary ganglion and carries
parasympathetic fibers to the sphincter pupillae and the cil-
iary muscle. (See below.)

Nasociliary Nerve

The nasociliary nerve arises from the ophthalmic division of
the trigeminal nerve in the lateral wall of the cavernous si-
nus. (See p.117.) It enters the orbit through the lower part of
the superior orbital fissure, within the tendinous ring (Fig.
1144). It crosses above the optic nerve with the ophthalmic
artery to reach the medial wall of the orbital cavity. It then
runs forward along the upper margin of the medial rectus
muscle and ends by dividing into the anterior ethmoidal
and infratrochlear nerves (Fig. 11-45).

Branches

1. The communicating branch to the ciliary gangnon is
a sensory nerve. The sensory fibers from the eyeball pass
to the ciliary ganglion via the short ciliary nerves, pass
through the ganglion without interruption, and then join
the nasociliary nerve by means of the communicating
branch.

2. The long ciliary nerves, two or three in number, arise
from the nasociliary nerve as it crosses the optic nerve
(Fig. 1145). They contain sympathetic fibers for the dila-
tor pupillae muscle. The nerves pass forward with the
short ciliary nerves and pierce the sclera of the eyeball
close to the optic nerve. They continue forward between
the sclera and the choroid to reach the iris.

3. The posterior ethmoidal nerve passes through the pos-
terior ethmoidal foramen to supply the ethmoidal and
sphenoidal air sinuses (Fig. 1145).

4. The infratrochlear nerve passes forward below the pul-
ley of the superior oblique muscle and supplies the skin
of the medial part of the upper eyelid and the adjacent
part of the nose (Fig. 11-43).

5. The anterior ethmoidal nerve passes through the ante-
rior ethmoidal foramen and enters the anterior cranial
fossa on the upper surface of the cribriform plate of the
ethmoid (Fig. 11-45). It enters the nasal cavity through a
slitlike opening alongside the crista galli. After supplying
an area of mucous membrane, it appears on the face as
the external nasal branch at the lower border of the
nasal bone (Fig. 11-18). It supplies the skin of the nose
down as far as the tip. (See p. 56.)

Abducent Nerve

The abducent nerve leaves the cavernous sinus (see p.120)
and enters the orbit through the lower part of the superior or-
bital fissure, within the tendinous ring (Fig. 11-44). It runs
forward and supplies the lateral rectus muscle.
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Ciliary Ganglion

The ciliary ganglion is about the size of a pinhead (Fig. 11-
46). It is a parasympathetic ganglion and is situated in the
posterior part of the orbit on the lateral side of the optic
nerve. It receives its preganglionic parasympathetic fibers

from the oculomotor nerve via the nerve to the inferior
oblique. The postganglionic fibers leave the ganglion in the
short ciliary nerves, which pass forward to the back of the
eyeball and supply the sphincter pupillae and the ciliary
muscle.

A number of sympathetic fibers pass from the internal
carotid plexus into the orbit and run through the ganglion
without interruption.

BLOOD VESSELS AND LYMPH VESSELS OF THE
ORBIT

Ophthalmic Artery

The ophthalmic artery is a branch of the internal carotid
artery after that vessel emerges from the cavernous sinus.
(See p.115.) It passes forward through the optic canal with
the optic nerve (Fig. 1145). It runs forward lateral to the op-
tic nerve, then crosses above it to reach the medial wall of
the orbit. It now gives off numerous branches, some of
which accompany the nerves in the orbital cavity.

Branches

1. The central artery of the retina is a small branch that
pierces the meningeal sheaths of the optic nerve to gain
entrance to the nerve (Fig. 11-51). It runs in the substance
of the optic nerve and enters the eyeball at the center of
the optic disc. Here, it divides into branches, which may
be studied in a patient through an ophthalmoscope. The
branches are end arteries.

2. The muscular branches.

3. The ciliary arteries can be divided into anterior and
posterior groups. The former group enters the eyeball
near the corneoscleral junction; the latter group enters
near the optic nerve.

4. The lacrimal artery to the lacrimal gland.

5. The supratrochlear and supraorbital arteries are dis-
tributed to the skin of the forehead. (See p. 58 )

Ophthalmic Veins

The superior ophthalmic vein communicates in front
with the facial vein (Fig. 11-36). The inferior ophthalmic
vein communicates through the inferior orbital fissure with
the pterygoid venous plexus. Both veins pass backward
through the superior orbital fissure and drain into the cav-
ernous sinus.

Lymph Vessels

No lymph vessels or nodes are present in the orbital
cavity.

The Eye

The eyeball (Fig. 11-51) is embedded in orbital fat but is sep-
arated from it by the fascial sheath of the eyeball. (See p.
38.) The eyeball consists of three coats, which, from with-
out inward, are (/) the fibrous coat, (2) the vascular pig-
mented coat, and (3) the nervous coat.
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COATS OF THE EYEBALL

Fibrous Coat

The fibrous coat is made up of a posterior opaque part, the
sclera, and an anterior transparent part, the cornea (Fig. 11-
51). The sclera is composed of dense fibrous tissue and is
white. Posteriorly, it is pierced by the optic nerve and is
fused with the dural sheath of that nerve. The lamina
cribrosa is the area of the sclera that is pierced by the nerve
fibers of the optic nerve. It is a relatively weak area and can
be made to bulge into the eyeball by a rise 3f cerebrospinal
fluid pressure in the tubular extension of the subarachnoid
space, which surrounds the optic nerve. If the intraccular
pressure rises, the lamina cribrosa will bulge outward, pro-
ducing a cupped disc, as seen through the ophthalmo-
scope.

The sclera is also pierced by the ciliary arteries and
nerves and their associated veins, the venae vorticosae. The
sclera is directly continuous in front with the cornea at the
corneoscleral junction, or limbus.

The transparent cornea is largely responsible for the re-
fraction-of the light entering the eye (Fig. 11-51). It is in con-
tact posteriorly with the aqueous humor.

Vascular Pigmented Coat

The vascular pigmented coat consists, from behind forward,
of the choroid, the ciliary body, and the iris.

The Choroid

The choroid is composed of an outer pigmented layer and
an inner, highly vascular layer.

The Ciliary Body

The ciliary bedy is continuous posteriorly” with the
choroid, and anteriorly it lies behind the peripheral margin
of the iris (Fig. 11-51). It is composed of (1) the ciliary ring,
(2) the ciliary processes, and (:3) the ciliary muscle.

The ciliary ring is the posterior part of the body, and its
surface has shallow grooves, the ciliary striae.

The ciliary processes are radially arranged folds, or
ridges, to the posterior surfaces of which are connected the
suspensory ligaments of the lens.

The ciliary muscle (Fig. 11-51) is composed of meridi-
anal and circular fibers of smooth muscle. The meridianal
fibers run backward from the region of the corneoscleral
junction to the ciliary processes. The circular fibers are
fewer in number and lie internal to the meridianal fibers.

e Nerve supply: The ciliary muscle is supplied by the
parasympathetic fibers from the oculomotor nerve. After
synapsing in the ciliary ganglion, the postganglionic
fibers pass forward to the eyeball in the short ciliary
nerves.

e Action: Contraction of the ciliary muscle, especially the
meridianal fibers, pulls the.ciliary body forward. This re-
lieves the tension in the suspensory ligament, and the
elastic lens becomes more convex. This increases the re-
fractive power of the lens.
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The Iris and Pupil

The iris is a thin, contractile, pigmented diaphragm with a
central aperture, the pupil (Fig. 11-51). It is suspended in the
aqueous humor between the cornea and the lens. The pe-
riphery of the iris is attached to the anterior surface of the cil-
iary body. It divides the space between the lens and the
cornea into an anterior and a posterior chamber.

The muscle fibers of the iris are involuntary and consist
of circular and radiating fibers. The circular fibers form the
sphincter pupillae and are arranged around the margin of
the pupil. The radial fibers form the dilator pupillae and
consist of a thin sheet of radial fibers that lie close to the pos-
terior surface.

e Nerve supply: The sphincter pupillae is supplied by
parasympathetic fibers from the oculomotor nerve. After
synapsing in the ciliary ganglion, the postganglionic
fibers pass forward to the eyeball in the short ciliary
nerves. The dilator pupillae is supplied by sympathetic
fibers, which pass forward to the eyeball in the long cil-
iary nerves.

e Action: The sphincter pupillae constricts the pupil in the
presence of bright light and during accommodation. The
dilator pupillae dilates the pupil in the presence of light of
Jow intensity or in the presence of excessive sympathetic
activity such as occurs in fright.

Nervous Coat: The Retina

The retina consists of an outer pigmented layer and an in-
ner nervous layer. Its outer surface is in contact with the
choroid, and its inner surface is in contact with the vitreous
body (Fig. 11-51). The posterior three-fourths of the retina is
the receptor organ. Its anterior edge forms a wavy ring, the
ora serrata, and the nervous tissues end here, The anterior
part of the retina is nonreceptive and consists merely of pig-
ment cells: with a deeper layer of columnar epithelium. This
anterior part of the retina covers the ciliary processes and
the back of the iris.

At the center of the posterior part of the retina is an oval,
yellowish area, the macula lutea, which is the area of the
retina for the most distinct vision. It has a central depression,
the fovea centralis (Fig. 11-51).

The optic nerve leaves the retina about 3 mm to the me-
dial side of the macula lutea by the optic disc. The optic
disc is slightly depressed at its center, where it is pierced by
the central artery of the retina. At the optic disc is a com-
plete absence of rods and cones so that it is insensitive to
light and is referred to as the “blind spot.” On ophthalmo-
scopic examination, the optic disc is seen to be pale pink in
color, much paler than the surrounding retina.

CONTENTS OF THE EYEBALL

The coritents of the eyeball consist of the refractive media,
the aqueous humor, the vitreous body, and the lens.

Aqueous Humor

The aqueous humor is a clear fluid that fills the anterior and
posterior chambers of the eyeball (Fig. 11-51). It is believed
to be a secretion from the ciliary processes, from which it
enters the posterior chamber. It then flows into the anterior
chamber through the pupil and is drained away through
the spaces at the iridocorneal angle into the canal of
Schlemm. Obstruction to the draining of the aqueous hu-
mor results in a rise in intraocular pressure called glau-
coma. This can produce degenerative changes in the
retina, with consequent blindness.
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The function of the aqueous humor is to support the wall
of the eyeball by exerting internal pressure and thus main-
taining its optical shape. It also nourishes the cornea and
the lens and removes the products of metabolism; these
functions are important because the cornea and the lens do
not possess a blood supply.

Vitreous Body

The vitreous body fills the eyeball behind the lens (Fig. 11-
51) and is a transparent gel. The hyaloid canal is a narrow
channel that runs through the vitreous body from the optic
disc to the posterior surface of the lens; in the fetus, it is
filled by the hyaloid artery, which disappears before birth.

The function of the vitreous body is to contribute slightly
to the magnifying power of the eye. It supports the posterior
surface of the lens and assists in holding the neural part of
the retina against the pigmented part of the retina.

Lens

The lens (Fig. 11-51) is a transparent, biconvex structure
enclosed in a transparent capsule. It is situated behind the
iris and in front of the vitreous body and is encircled by the
ciliary processes.

The lens consists of (1) an elastic capsule, which en-
velops the structure; (2) a cuboidal epithelium, which is
confined to the anterior surface of the lens; and (3) lens
fibers, which are formed from the cuboidal epithelium at
the equator of the lens. The lens fibers make up the bulk of
the lens.

The elastic lens capsule is under tension, causing the
lens constantly to endeavor to assume a globular rather
than a disc shape. The equatorial region, or circumference,
of the lens is attached to the ciliary processes of the ciliary
body by the suspensory ligament. The pull of the radiat-
ing fibers of the suspensory ligament tends to keep the elas-
tic lens flattened so that the eye can be focused on distant
objects.

To accommodate the eye for close objects, the ciliary
muscle contracts and pulls the ciliary body forward and in-
ward so that the radiating fibers of the suspensory ligament
are relaxed. This allows the elastic lens to assume a more
globular shape.

With advancing age the lens becomes denser and less
elastic, and, as a result, the ability to accommodate is less-
ened (presbyopia). This disability can be overcome by the
use of an additional lens in the form of glasses to assist the
eye in focusing on nearby objects.

The Ear

The ear consists of the external ear, the middle ear, or tym-
panic cavity, and the internal ear, or labyrinth, the last con-
taining the organs of hearing and balance.

EXTERNAL EAR

The external ear has an auricle and an external auditory
meatus.

The auricle has a characteristic shape (Fig. 11-524) and
collects air vibrations. It consists of a thin plate of elastic car-
tilage covered by skin. It possesses both extrinsic and intrin-
sic muscles, which are supplied by the facial nerve.
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Figure 11-52 A, Different parts of the auricle of the external ear. The arrow indicates the direction
that the auricle should be pulled to straighten the external auditory meatus before insertion of the
otoscope in the adult. B. External and middle portions of the right ear viewed from in front. C. The
right tympanic membrane as seen through the otoscope.
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The external auditory meatus is a curved tube that
leads from the auricle to the tympanic membrane (Figs. 11-
52 and 11-53). It conducts sound waves from the auricle to
the tympanic membrane. In the adult it measures about 1
inch (2.5 cm) long and can be straightened for the insertion
of an otoscope by pulling the auricle upward and back-
ward. In the young child the auricle is pulled straight back-
ward, or downward and backward. The meatus is narrowest
about 5 mm from the tympanic membrane.

The framework of the outer third of the meatus is elastic
cartilage, and the inner two-thirds is bone, formed by the
tympanic plate. The meatus is lined by skin, and its outer
third is provided with hairs and sebaceous and cerumi-
nous glands. The latter are modified sweat glands that se-
crete a yellowish-brown wax. The hairs and the wax provide
a sticky barrier that prevents the entrance of foreign bodies.

The sensory nerve supply of the lining skin is derived
from the auriculotemporal nerve and the auricular branch
of the vagus nerve.

The lymph drainage is to the superficial parotid, mas-
toid, and superficial cervical lymph nodes.

MIDDLE EAR (TYMPANIC CAVITY)

The middle ear is an air-containing cavity in the petrous part
of the temporal bone (Fig. 11-53) and is lined with mucous
membrane. It contains the auditory ossicles, whose function
is to transmit the vibrations of the tympanic membrane
(eardrum) to the perilymph of the internal ear. It is a narrow,
oblique, slitlike cavity whose long axis lies approximately
parallel to the plane of the tympanic membrane. It commu-
nicates in front through the auditory tube with the na-
sopharynx and behind with the mastoid antrum.

The middle ear has a roof, floor, anterior wall, posterior
wall, lateral wall, and medial wall.

The roof is formed by a thin plate of bone, the tegmen
tympani, which is part of the petrous temporal bone (Figs.
11-54 and 11-55). It separates the tympanic cavity from the
meninges and the temporal lobe of the brain in the middle
cranial fossa.

The floor is formed by a thin plate of bone, which may
be deficient and may be partly replaced by fibrous tissue. It
separates the tympanic cavity from the superior bulb of the
internal jugular vein (Fig. 11-55).

The anterior wall is formed below by a thin plate of
bone that separates the tympanic cavity from the internal
carotid artery (Fig. 11-55). At the upper part of the anterior
wall are the openings into two canals. The lower and larger
of these leads into the auditory tube, and the upper and
smaller is the entrance into the canal for the tensor tympani
muscle (Fig. 11-54). The thin, bony septum, which separates
the canals, is prolonged backward on the medial wall,
where it forms a shelflike projection.

The posterior wall has in its upper part a large, irregular
opening, the aditus to the mastoid antrum (Figs. 11-54
and 11-55). Below this is a small, hollow, conical projection,
the pyramid, from whose apex emerges the tendon of the
stapedius muscle.
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The lateral wall is largely formed by the tympanic
brane (Figs. 11-52 and 11-54).

mem-

The tympanic membrane (Fig. 11-52) is a thin, fibrous
membrane that is pearly gray. The membrane is obliquely
placed, facing downward, forward, and laterally. It is con-
cave laterally, and at the depth of the concavity is a small de-
pression, the umbo, produced by the tip of the handle of the
malleus. When the membrane is illuminated through an oto-
scope, the concavity produces a “cone of light,” which radi-
ates anteriorly and inferiorly from the umbo.

The tympanic membrane is circular and measures about
1 em in diameter. The circumference is thickened and is
slotted into a groove in the bone. The groove, or tympanic
sulcus, is deficient superiorly, which forms a notch. From
the sides of the notch, two bands, termed the anterior and
posterior malleolar folds, pass to the lateral process of the
malleus. The small triangular area on the tympanic mem-
brane that is bounded by the folds is slack and is called the
pars flaccida (Fig. 11-52). The remainder of the membrane
is tense and is called the pars tensa. The handle of the
malleus is bound down to the inner surface of the tympanic
membrane by the mucous membrane.

The tympanic membrane is extremely sensitive to pain
and is innervated on its outer surface by the auriculotempo-
ral nerve and the auricular branch of the vagus.

The medial wall is formed by the lateral wall of the inner
ear. The greater part of the wall shows a rounded projection,
called the promontory, which results from the underlying
first turn of the cochlea (Figs. 11-52 and 11-54). Above and
behind the promontory lies the fenestra vestibuli, which is
oval shaped and closed by the base of the stapes. On the me-
dial side of the window is the perilymph of the scala
vestibuli of the internal ear. Below the posterior end of the
promontory lies the fenestra cochleae, which is round and
closed by the secondary tympanic membrane. On the
medial side of this window is the perilymph of the blind end
of the scala tympani. (See p.156.)

The bony shelf derived from the anterior wall extends
backward on the medial wall above the promontory and
above the fenestra vestibuli. It supports the tensor tympani
muscle. Its posterior end is curved upward and forms a pul-
ley, the processus cochleariformis, around which the ten-
don of the tensor tympani bends laterally to reach its inser-
tion on the handle of the malleus (Fig. 11-55).

A rounded ridge runs horizontally backward above the
promontory and the fenestra vestibuli and is known as the
prominence of the facial nerve canal. On reaching the
posterior wall, it curves downward behind the pyramid.

Auditory Ossicles

The auditory ossicles are the malleus, incus, and stapes
(Figs. 11-53 and 11-54).

The malleus is the largest ossicle and possesses a head,
a neck, a long process or handle, an anterior process, and a
lateral process.

The head is rounded and articulates posteriorly with the
incus. The neck is the constricted part below the head. The
handle passes downward and backward and is firmly at-
tached to the medial surface of the tympanic membrane. It
can be seen through the tympanic membrane on otoscopic
examination. The anterior process is a spicule of bone that
is connected to the anterior wall of the tympanic cavity by a
ligament. The lateral process projects laterally and is at-
tached to the anterior and posterior malleolar folds of the
tympanic membrane.

The incus possesses a large body and two processes (Fig.
11-53).
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The body is rounded and articulates anteriorly with the
head of the malleus.
 The long process descends behind and parallel to the
handle of the malleus. Its lower end bends medially and ar-
ticulates with the head of the stapes. Its shadow on the tym-
panic membrane can sometimes be recognized on oto-
scopic examination.

The short process projects backward and is attached to
the posterior wall of the tympanic cavity by a ligament.

The stapes has a head, a neck, two limbs, and a base
(Fig. 11-53).

The head is small and articulates with the 1ong process of
the incus. The neck is narrow and receives the insertion of
the stapedius muscle. The two limbs diverge from the neck
and are attached to the oval base. The edge of the base is at-
tached to the margin of the fenestra vestibuli by a ring of fi-
brous tissue, the anular ligament.

Muscles of the Ossicles

Tensor Tympani (Figs. 11-52 and 11-55)

@ Origin: From the cartilage of the auditory tube and the
bony walls of its own canal.

e Insertion: The slender muscle passes backward and
ends in a rounded tendon, which turns laterally around
the processus cochleariformis and is inserted into the
handle of the malleus.

e Nerve supply: A branch from the nerve to the medial
pterygoid muscle, which is a branch of the mandibular di-
vision of the trigeminal nerve.

e Action: Reflexly damps down the vibrations of the
malleus by making the tympanic membrane more tense.

Stapedius (Fig. 11-55)

@ Origin: From the internal walls of the hollow pyramid.

e Insertion: The tendon emerges from the apex of the pyra-
mid and is inserted into the neck of the stapes.

e Nerve sipply: From the facial nerve, which lies behind
the pyramid.

e Action: Reflexly damps down the vibrations of the stapes
by pulling on the neck of that bone.
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Name of Muscle Origin Insertion Nerve Supply Action
Tensor tympani Wall of auditory tube and Handle of malleus Mandibular division Dampens down vibrations

wall of its own canal

Pyramid (bony projection
on pesterior wall of
middle ear)

Stapedius

Neck of stapes

of trigeminal nerve
Facial nerve

of tympanic membrane
Dampens down
vibrations of stapes
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Mavements of the Auditory Ossicles

The malleus and incus rotate on an anteroposterior axis that
runs through (7) the ligament connecting the anterior pro-
cess of the malleus to the anterior wall of the tympanic cav-
ity, (2) the anterior process of the malleus and the short pro-
cess of the incus, and (3) the ligament connecting the short
process of the incus to the posterior wall of the tympanic
cavity.

When the tympanic membrane moves medially (Fig. 11-
56), the handle of the malleus also moves medially. The
head of the malleus and the head of the incus move later-
ally. The long process of the incus moves medially with the
stapes. The base of the stapes is pushed medially in the fen-
estra vestibuli, and the motion is communicated to the peri-
lymph in the scala vestibuli. Liquid being incompressible,
the perilymph causes an outward bulging of the secondary
tympanic membrane in the fenestra cochleae at the lower
end of the scala tympani (Fig. 11-56). The above movements
are reversed if the tympanic membrane moves laterally.
Excessive lateral movements of the head of the malleus
cause a temporary separation of the articular surfaces be-
tween the malleus and incus so that the base of the stapes is
not pulled laterally out of the fenestra vestibuli.

During passage of the vibrations from the tympanic mem-
brane to the perilymph via the small ossicles, the leverage
increases at a rate of 1.3 to 1. Moreover, the area of the tym-
panic membrane is about 17 times greater than that of the
base of the stapes, causing the effective pressure on the per-
ilymph to increase by a total of 22 to 1.

Auditory Tube

The auditory tube extends from the anterior wall of the tym-
panic cavity downward, forward, and medially to the nasal
pharynx (Fig. 11-52). Its posterior third is bony, and its ante-
rior two-thirds is cartilaginous. It joins the nasal pharynx by
passing over the upper border of the superior constrictor
muscle (Fig. 11-58). It serves to equalize air pressures in the
tympanic cavity and the nasal pharynx.

Mastoid Antrum

The mastoid antrum lies behind the middle ear in the
petrous part of the temporal bone (Fig. 11-53). It communi-
cates with the middle ear by the aditus (Fig. 11-54), which
may be as large as 1 cm in diameter.

The anterior wall is related to the middle ear and con-
tains the aditus to the mastoid antrum (Fig. 11-55).

The posterior wall separates the antrum from the sig-
moid venous sinus and the cerebellum (Fig. 11-55).

The lateral wall is 1.5 cm thick and forms the floor of the
suprameatal triangle. (See p. 218)

The medial wall is related to the posterior semicircular
canal (Fig. 11-55).

The superior wall is the thin plate of bone, the tegmen
tympani, which is related to the meninges of the middle cra-
nial fossa and the temporal lobe of the brain (Fig. 11-55).

The inferior wall is perforated with holes, through
which the antrum communicates with the mastoid air cells
(Fig. 11-55).

Mastoid Air Cells

The mastoid process begins to develop during the second
year of life. The mastoid air cells are a series of communi-
cating cavities within the process that are continuous above
with the antrum and the middle ear (Fig. 11-55). They are
lined with mucous membrane.
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Figure 11-56 A. Vibrations of music passing into the external auditory meatus and causing the
tympanic membrane to move medially; the head of the malleus and incus move laterally, and the
long process of the incus, with the stapes, moves laterally. B. The movement medially of the base
of the stapes in the fenestra vestibuli causes motion (arrows) in the perilymph in the scala vert-
ibuli. At the apex of the cochlea (the helicotrema), the compression wave in the perilymph passes
down the scala tympani, causing a fateral bulging of the secondary tympanic membrane in the
fenestra cochleae. C. Movement of the perilymph (arrows) after movement of the base of the
stapes. Note the position of the basilar fibers of the basilar membrane.
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Facial Nerve

On reaching the bottom of the internal acoustic meatus (see
p.120), the facial nerve enters the facial canal (Fig. 11-53).
The nerve runs laterally above the vestibule of the internal
ear until it reaches the medial wall of the middle ear. Here,
the nerve expands to form the sensory geniculate ganglion
(Figs. 11-54 and 11-55). The nerve then bends sharply back-
ward above the promontory.

On arriving at the posterior wall of the middle ear, it
curves downward on the medial side of the aditus of the
mastoid antrum (Fig. 11-55). It descends in the posterior
wall of the middle ear, behind the pyramid, and finally
emerges through the stylomastoid foramen. lIts further
course in the neck is described on page 64 .

Important Branches of the Intrapetrous Part of the
Facial Nerve

1. The greater petrosal nerve arises from the facial nerve
at the geniculate ganglion (Fig. 11-55). It contains pre-
ganglionic parasympathetic fibers that pass to the ptery-
gopalatine ganglion and are there relayed through the zy-
gomatic and lacrimal nerves to the lacrimal gland; other
postganglionic fibers pass through the nasal and palatine
nerves to the glands of the mucous membrane of the
nose and palate. It also contains many taste fibers from
the mucous membrane of the palate.

The nerve emerges on the superior surface of the
petrous part of the temporal bone and runs forward in a
groove. It runs below the trigeminal ganglion and enters
the foramen lacerum. (See p. 98 .) Itis here joined by the
deep petrosal nerve from the sympathetic plexus on the
internal carotid artery and forms the nerve of the ptery-
goid canal. This passes forward and enters the ptery-
gopalatine fossa, where it ends in the pterygopalatine
ganglion.

2. The nerve to the stapedius arises from the facial nerve
as it descends in the facial canal behind the pyramid
(Fig. 11-55). It supplies the muscle within the pyramid.

3. The chorda tympani arises from the facial nerve just
above the stylomastoid foramen (Fig. 11-54). It enters the
middle ear close to the posterior border of the tympanic
membrane. It then runs forward over the tympanic mem-
brane and crosses the root of the handle of the malleus
(Fig. 11-54). It lies in the interval between the mucous
membrane and the fibrous layers of the tympanic mem-
brane. The nerve leaves the middle ear through the
petrotympanic fissure and enters the infratemporal fossa,
where it joins the lingual nerve. (See p. 73 ).

The chorda tympani contains many taste fibers from the
mucous membrane covering the anterior two-thirds of the
tongue (not the vallate papillae) and the floor of the mouth.
The taste fibers are the peripheral processes of the cells in
the geniculate ganglion.

The nerve also contains preganglionic parasympathetic
secretomotor fibers that reach the submandibular ganglion
and are there relayed to the submandibular and sublingual
salivary glands.
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Tympanic Nerve

The tympanic nerve arises from the glossopharyngeal nerve,
just below the jugular foramen. (See p. 85.) It passes
through the floor of the middle ear and onto the promontory
(Fig. 11-55). Here it splits into branches, which form the
tympanic plexus. The tympanic plexus supplies the lining
of the middle ear and gives off the lesser petrosal nerve.

The lesser petrosal nerve contains secretomotor fibers
for the parotid gland. (See p. 65.) Having entered the skull
it leaves through the foramen ovale. The nerve then joins the
otic ganglion.

THE INTERNAL EAR, OR LABYRINTH

The labyrinth is situated in the petrous part of the temporal
bone, medial to the middle ear (Fig. 11-53). It consists of (1)
the bony labyrinth, comprising a series of cavities within the
bone, and (2) the membranous labyrinth, comprising a se-
ries of membranous sacs and ducts contained within the
bony labyrinth. For a detailed description of the micro-
scopic structure of the labyrinth, a textbook of histology
should be consulted.

Bony Labyrinth

The bony labyrinth consists of three parts: the vestibule, the
semicircular canals, and the cochlea (Fig. 11-55): These are
cavities situated in the substance of dense bone. They are
lined by endosteum and contain a clear fluid, the peri-
lymph, in which is suspended the membranous labyrinth.

The vestibule, the central part of the bony labyrinth, lies
posterior to the cochlea and anterior to the semicircular
canals. In its lateral wall are the fenestra vestibuli, which
is closed by the base of the stapes and its anular ligament,
and the fenestra cochleae, which is closed by the sec-
ondary tympanic membrane. Lodged within the
vestibule are the saccule and utricle of the membranous
labyrinth (Fig. 11-55).

The three semicircular canals—superior, posterior,
and lateral—open into the posterior part of the vestibule.
Each canal has a swelling at one end called the ampulla.
The canals open into the vestibule by five orifices, one of
which is common to two of the canals. Lodged within the
canals are the semicircular ducts (Fig. 11-55).

The superior semicircular canal is vertical and placed at
right angles to the long axis of the petrous bone. The poste-
rior canal is also vertical but is placed parallel with the long
axis of the petrous bone. The lateral canal is set in a hori-
zontal position, and it lies in the medial wall of the aditus to
the mastoid antrum, above the facial nerve canal.

The cochlea resembles a snail shell. It opens into the an-
terior part of the vestibule (Fig. 11-55). Basically, it consists
of a central pillar, the modiolus, around which a hollow
bony tube makes two and one-half spiral turns. Each suc-
cessive turn is of decreasing radius so that the whole struc-
ture is conical. The apex faces anterolaterally and the base
faces posteromedially. The first basal turn of the cochlea is
responsible for the promontory seen on the medial wall of
the middle ear.
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The modiolus has a broad base, which is situated at the
bottom of the internal acoustic meatus. It is perforated by
branches of the cochlear nerve. A spiral ledge, the spiral
lamina, winds around the modiolus and projects into the in-
terior of the canal and partially divides it. The basilar mem-
brane stretches from the free edge of the spiral lamina to
the outer bony wall, thus dividing the cochlear canal into
the scala vestibuli above and the scala tympani below.
The perilymph within the scala vestibuli is separated from
the middle ear by the base of the stapes and the anular liga-
ment at the fenestra vestibuli. The perilymph in the scala
tympani is separated from the middle ear by the secondary
tympanic membrane at the fenestra cochleae.

Membranous Labyrinth

The membranous labyrinth is lodged within the bony
labyrinth (Fig. 11-55). It is filled with endolymph and sur-
rounded by perilymph. It consists of the utricle and saccule,
which are lodged in the bony vestibule; the three semicir-
cular ducts, which lie within the bony semicircular canals;
and the duct of the cochlea, which lies within the bony
cochlea. All these structures freely communicate with one
another.

The utricle is the larger of the two vestibular sacs. It is in-
directly connected to the saccule and the ductus en-
dolymphaticus by the ductus utriculosaccularis.

The saccule is globular and is connected to the utricle,
as described previously. The ductus endolymphaticus, after
being joined by the ductus utriculosaccularis, passes on to
end in a small blind pouch, the saccus endolymphaticus
(Fig. 11-55). This lies beneath the dura on the posterior sur-
face of the petrous part of the temporal bone.

Located on the walls of the utricle and saccule are spe-
cialized sensory receptors, which are sensitive to the orien-
tation of the head to gravity or other acceleration forces.

The semicircular ducts, although much smaller in di-
ameter than the semicircular canals, have the same config-
uration. They are arranged at right angles to each other so
that all three planes are represented. Whenever the head be-
gins or ceases to move, or whenever a movement of the
head accelerates or decelerates, the endolymph in the semi-
circular ducts changes its speed of movement relative to
that of the walls of the semicircular ducts. This change is de-
tected in the sensory receptors in the ampullae of the semi-
circular ducts.

The duct of the cochlea is triangular in cross section
and is connected to the saccule by the ductus reuniens.
The highly specialized epithelium that lies on the basilar
membrane forms the spiral organ of Corti and contains the
sensory receptors for hearing. For a detailed description of
the spiral organ, a textbook of histology should be con-
sulted.

Vestibulocochlear Nerve

On reaching the bottom of the internal acoustic meatus (see
p.121), the nerve divides into vestibular and cochlear por-
tions (Fig. 11-52).

The vestibular nerve is expanded to form the vestibu-
lar ganglion. The branches of the nerve then pierce the lat-
eral end of the internal acoustic meatus and gain entrance
to the membranous labyrinth, where they supply the utricle,
the saccule, and the ampullae of the semicircular ducts.
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The cochlear nerve divides into branches, which enter
foramina at the base of the modiolus. The sensory ganglion
of this nerve takes the form of an elongated spiral ganglion
that is lodged in a canal winding around the modiolus in the
base of the spiral lamina. The peripheral branches of this
nerve pass from the ganglion to the spiral organ of Corti.

Maxillary Nerve (V2)

The maxillary nerve arises from the trigeminal ganglion in
the middle cranial fossa. (See p. 120) It passes forward in
the lateral wall of the cavernous sinus and leaves the skull
through the foramen rotundum to enter the pterygopalatine
fossa (Fig. 11-45). The nerve crosses the fossa and enters the
orbit by passing through the inferior orbital fissure (Fig.
1146).

The nerve is now called the infraorbital nerve, and it
runs forward on the floor of the orbit, first in the infraorbital
groove and then in the infraorbital canal. It appears on the
face by emerging through the infraorbital foramen. (See p.
56.)

Branches

1. A meningeal branch supplies the dura in the middle
cranial fossa.

2. The ganglionic branches are two short nerves that hold
up the pterygopalatine ganglion in the pterygopalatine
fossa (Fig. 11-46). They contain sensory fibers that with-
out interruption have passed through the ganglion from
the nose, palate, and pharynx. They also contain post-
ganglionic” parasympathetic fibers that are going to the
lacrimal gland.

3. The posterior superior alveolar nerve arises in the
pterygopalatine fossa. It passes downward on the back of
the maxilla-and pierces its posterior surface (Fig. 11-46).
It supplies the maxillary sinus, the upper molar teeth, and
the adjoining parts of the gum and cheek.

4. The zygomatic nerve arises in the pterygopalatine fossa
and enters/the orbit through the inferior orbital fissure
(Fig. 1146). It ascends on the lateral wall of the orbit and
divides into the zygomaticotemporal and zygomaticofa-
cial perves (see p. 56), which are distributed to the skin
of the face.

. The middle superior alveolar nerve arises from the in-
fraorbital nerve as it lies in the infraorbital groove (Fig. 11-
46). It descends in the lateral wall of the maxillary sinus
and supplies the upper premolar teeth and the adjoining
parts of the gum and cheek.

6. The anterior superior alveolar nerve arises from the
infraorbital nerve as it lies in the infraorbital canal (Fig.
11-46). It descends in the anterior wall of the maxillary si-
nus to supply the upper canine and incisor teeth. A small
terminal branch supplies part of the lateral wall and floor
of the nose.

w

Pterygopalatine Ganglion

The pterygopalatine ganglion is a parasympathetic ganglion
that is deeply placed in the pterygopalatine fossa (Fig.
1146).

The preganglionic secretomotor fibers arise in the
lacrimal nucleus of the facial nerve. They run in the sen-
sory root of the facial nerve, then in its greater petrosal
branch, and then in the nerve of the pterygoid canal, which
enters the posterior surface of the ganglion.
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The postganglionic fibers reach the maxillary nerve by
one of its ganglionic branches. They then run in the zygo-
matic nerve, the zygomaticotemporal nerve, and the
lacrimal nerve to reach the lacrimal gland. Other postgan-
glionic fibers run in the palatine nerves and nasal nerves to
the palatine and nasal glands.

Sympathetic postganglionic fibers reach the ganglion via
the internal carotid plexus, the deep petrosal nerve, and the
nerve of the pterygoid camal. They pass without interruption
through the ganglion and emerge in the orbital branches of
the ganglion. They supply the orbitalis muscle.

Branches

These are composed mainly of sensory fibers derived from
the maxillary nerve. They reach the ganglion by way of the
ganglionic branches of the nerve.

1. Orbital branches enter the orbit through the inferior or-
bital fissure.

2. The greater and lesser palatine nerves supply the mu-
cous membrane of the palate, tonsil, and nasal cavity
(Fig. 11-46).

3. The nasal branches enter the nose through the
sphenopalatine foramen and supply the mucous mem-
brane of the nasal cavity.

4. The pharyngeal branch supplies the mucous mem-
brane of the roof of the nasal part of the pharynx.

Maxillary Artery

The maxillary artery leaves the infratemporal fossa (Fig. 11-
22) by passing through the pterygomaxillary fissure into the
pterygopalatine fossa. Here, it splits into branches that ac-
company the branches of the maxillary nerve.

The Mouth

The mouth extends from the lips to the oropharyngeal isth-
mus, that is, the junction of the mouth with the pharynx. It is
subdivided into the vestibule, which lies between the lips
and cheeks externally and the gums and teeth internally,
and the mouth cavity proper, which lies within the alveo-
lar arches, gums, and teeth (Fig. 11-28).

The vestibule s a slitlike space that communicates with
the exterior through the oral fissure. When the jaws are
closed, it communicates with the mouth proper behind the
third molar tooth on each side. Superiorly and inferiorly, the
vestibule is limited by the reflection of the mucous mem-
brane from the lips and cheeks onto the gums. The cheek
forms the lateral wall of the vestibule and is made up of the
buccinator muscle (see p. 61), which is covered on the out-
side by fascia and skin and is lined by mucous membrane.
Opposite the upper second molar tooth, a small papilla is
present on the mucous membrane, marking the opening of
the duct of the parotid salivary gland (Fig. 11-57).

The mouth proper has a roof, which is formed by the
hard palate in front and the soft palate behind. The floor is
formed largely by the anterior two-thirds of the tongue and
by the reflection of the mucous membrane from the sides of
the tongue to the gum on the mandible. In the midline, a
fold of mucous membrane called the frenulum of the
tongue connects the undersurface of the tongue to the floor
of the mouth (Fig. 11-57). On each side of the frenulum is a
small papilla, on the summit of which is the orifice of the
duct of the submandibular gland. From the papilla, a
rounded ridge of mucous membrane,extends backward
and laterally. It is produced by the underlying sublingual
gland and is called the sublingual fold (Fig. 11-57).
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Figure 11-57  A. Cavity of the mouth. Cheek on the left side of the face has been cut away to show
the buccinator muscle and the parotid duct. B. Undersurface of the tongue.
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TEETH

The two sets of teeth make their appearance at different
times of life. The first set, called the deciduous teeth, is tem-
porary. The second set is called the permanent teeth.

The deciduous teeth are 20 in number: 4 incisors, 2 ca-
nines, and 4 molars in each jaw. They begin to erupt at
about the sixth month after birth and have all erupted by the
end of the second year. The approximate times of eruption
are as follows:

Central incisors 6—8 months
Lateral incisors 8-10 months
First molars 1 year
Canines 18 months
Second molars 2 years

The teeth of the lower jaw usually appear before those of
the upper jaw.

The permanent teeth are 32 in number, including 4 in-
cisors, 2 canines, 4 premolars, and 6 molars in each jaw (Fig.
11-27). They begin to erupt at the sixth year. However, the
last tooth to erupt is the third molar, and this may take place
between the seventeenth and thirtieth years. The approxi-
mate times of eruption are as follows:

First molars 6 years
Central incisors 7 years
Lateral incisors 8 years
First premolars 9 years
Second premolars 10 years
Canines 11 years
Second molars 12 years
Third molars (wisdom teeth) 17-30 years

The teeth of the lower jaw usually appear before those of
the upper jaw.

TONGUE

The tongue is a mass of striated muscle covered with mu-
cous membrane (Figs. 11-23 and 11-28). Its anterior two-
thirds lies in the mouth, and its posterior third lies in the
pharynx (Fig. 11-40). The muscles attach the tongue to the
styloid process and the soft palate above and to the
mandible and the hyoid bone below. The tongue is divided
into right and left halves by a median fibrous septum.

Mucous Membrane of the Tongue

The mucous membrane of the upper surface of the tongue
can be divided into anterior and posterior parts by a V-
shaped sulcus, the sulcus terminalis (Fig. 11-57). The apex
of the sulcus projects backward and is marked by a small
pit, the foramen cecum. The sulcus serves to divide the
tongue into the anterior two-thirds, or oral part, and the pos-
terior third, or pharyngeal part. The foramen cecum is an
embryologic remnant and marks the site of the upper end of
the thyroglossal duct, (See p. 39 .)

Three types of papillae are present on the upper surface
of the anterior two-thirds of the tongue: (7) the filiform papil-
lae, (2) the fungiform papillae, and (:3) the vallate papillae.

The mucous membrane covering the posterior third of
the tongue is devoid of papillae but has a nodular irregular
surface caused by the presence of underlying lymph nod-
ules, the lingual tonsil.
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The mucous membrane on the inferior surface of the
tongue is smooth and is reflected from the tongue to the
floor of the mouth. In the midline anteriorly, the undersur-
face of the tongue is connected to the floor of the mouth by
a fold of mucous membrane, the frenulum of the tongue.
On the lateral side of the frenulum, the deep lingual vein can
be seen through the mucous membrane. Lateral to the lin-
gual vein, the mucous membrane forms a fringed fold called
the plica fimbriata (Fig. 11-57).

Muscles of the Tongue

The muscles of the tongue are divided into two types: (1) in-
trinsic and (2) extrinsic.

The intrinsic muscles are confined to the tongue and
are not attached to bone. They consist of longitudinal, trans-
verse, and vertical fibers.

e Nerve supply: Hypoglossal nerve.
e Action: They alter the shape of the tongue.

The extrinsic muscles are attached to bones and the
soft palate. They are the genioglossus, the hyoglossus, and
the styloglossus, which are described in the section on the
submandibular region (see p. 79), and the palatoglossus,
which is associated with the soft palate and is described on
pagel69.

The origin, insertion, nerve supply, and action of the
tongue muscles are summarized in Table 11-7.
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Transverse
Vertical
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Blood Supply

The tongue is supplied by the lingual artery, the tonsillar
branch of the facial artery, and the ascending pharyngeal
artery. The veins drain into the internal jugular vein.

Lymph Drainage

The tip of the tongue drains into the submental lymph
nodes. The remainder of the anterior two-thirds of the
tongue drains into the submandibular and deep cervical
lymph nodes on both sides. Lymph from the posterior third
of the tongue drains into the deep cervical lymph nodes on
both sides.

Sensory Innervation

The mucous membrane covering the anterior two-thirds of
the tongue is supplied by the lingual nerve for general sen-
sations. Taste fibers from the anterior two-thirds of the
tongue, excluding the vallate papillae, run in the chorda
tympani branch of the facial nerve.

General sensation and taste appreciation from the poste-
rior third of the tongue, including the vallate papillae, are
served by the glossopharyngeal nerve.

Movements

Protrusion of the tongue may be brought about by the ge-
nioglossus muscles on both sides acting together (Fig. 11-
106).

Retraction of the tongue is produced by the styloglossus
and hyoglossus muscles on both sides acting together.

Depression of the tongue is produced by the hyoglossus
and genioglossus muscles on both sides acting together.

Retraction and elevation of the posterior third of the
tongue is produced by the styloglossus and palatoglossus
muscles on both sides acting together.

Shape Changes

The tongue is modified in shape by the action of its intrinsic
muscles.

The Pharynx

LOCATION AND DESCRIPTION

The pharynx is situated behind the nasal cavities, the
mouth, and the larynx (Fig. 1140). It is somewhat funnel
shaped, with its upper, wide end lying under the skull and its
lower, narrow end becoming continuous with the esopha-
gus opposite the sixth cervical vertebra. The pharynx has a
musculomembranous wall that is deficient anteriorly. Here,
it is replaced by the posterior nasal apertures, the oropha-
ryngeal isthmus (opening into the mouth), and the inlet of
the larynx.

The wall of the pharynx has three layers: (1) mucous, (2)
fibrous, and (3) muscular.

MUSCLES OF THE PHARYNX

The muscles of the pharynx consist of the superior, middle,
and inferior constrictor muscles, whose fibers run in a more
or less circular direction (Fig. 11-58), and the stylopharyn-
geus and salpingopharyngeus muscles, whose fibers run in
a more or less longitudinal direction.
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The successive contraction of the constrictor muscles
propels the bolus of food down into the esophagus. The low-
est fibers of the inferior constrictor muscle (Fig. 11-58),
sometimes referred to as the cricopharyngeus muscle, are
believed to exert a sphincteric effect on the lower end of the
pharynx, preventing the entry of air into the esophagus be-
tween the acts of swallowing.

The longitudinal muscles elevate the pharynx and larynx
during swallowing.

The origins, insertions, nerve supply, and actions of the
pharyngeal muscles are summarized in Table 11-8. See also
Figures 11-58, 11-59, and 11-60.

INTERIOR OF THE PHARYNX

The pharynx is divided into three parts: nasal, oral, and la-
ryngeal.

Nasal Part of the Pharynx

The nasal part of the pharynx lies behind the nasal cavities,
above the soft palate (Fig. 1140). When the soft palate is
raised and the posterior wall of the pharynx is drawn for-
ward, as in swallowing, the nasal part of the pharynx is shut
off from the oral part of the pharynx. It has a roof, a floor, an
anterior wall, a posterior wall, and lateral walls.

The roof is supported by the body of the sphenoid and
the basilar part of the occipital bone. A collection of lym-
phoid tissue, called the pharyngeal tonsil, is present in the
submucosa of this region (Fig. 11-62).

The floor is formed by the sloping upper surface of the
soft palate. The pharyngeal isthmus is the opening in the
floor between the free edges of the soft palate and the pos-
terior pharyngeal wall. During swallowing, this communica-
tion between the nasal and oral parts of the pharynx is
closed by the elevation of the soft palate and the pulling for-
ward of the posterior wall of the pharynx.

The anterior wall is formed by the posterior nasal aper-
tures, separated by the posterior edge of the nasal septum
(Fig. 11-59).

The posterior wall forms a continuous sloping surface
with the roof. It is supported by the anterior arch of the atlas
vertebra (Fig. 11-62).

The lateral wall, on each side, has the pharyngeal open-
ing of the auditory tube. The posterior margin of the tube
forms an elevation called the tubal elevation (Fig. 11-60).
The salpingopharyngeus muscle, which is attached to the
lower margin of the tube, produces a vertical fold of mucous
membrane called the salpingopharyngeal fold. The pha-
ryngeal recess is a small depression in the lateral wall be-
hind the tubal elevation (Fig. 11-60). A collection of lym-
phoid tissue in the submucosa behind the opening of the
auditory. tube is called the tubal tonsil.

Oral Part of the Pharynx

The oral part of the pharynx lies behind the mouth cavity
and extends from the soft palate to the upper border of the
epiglottis. It has a roof, a floor, an anterior wall, a posterior
wall, and lateral walls (Fig. 11-40).

The roof is formed by the undersurface of the soft palate
and the pharyngeal isthmus (see above p.158). Small col-
lections of lymphoid tissue are present in the submucosa on
the undersurface of the soft palate.
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Figure 11-58 A. Three constrictor muscles of the pharynx. The superior and recurrent laryngeal
nerves are also shown. B. Hard palate.
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? Table 11-8 Muscles of the Pharynx
Name of Muscle Origin lns-erﬁ(m S Ne'rve Supply - Artu;n e
Superior constrictor Medial pterygoid plate, Pharyngeal tubercle Pharyngeal plexus Aids soft palate in
pterygoid hamulus, of occipital bone, closing off nasal
pterygomandibular raphe in midline pharynx, propels
ligament, mylohyoid posteriorly bolus downward
line of mandible
Middle constrictor Lower part of stylo- Pharyngeal raphe Pharyngeal plexus Propels bolus
hyoid ligament, downward
lesser and greater
cornu of hyoid bone
Inferior constrictor Lamina of thyroid Pharyngeal raphe Pharyngeal plexus Propels bolus
cartilage, cricoid downward
cartilage
Cricopharyngeus Lowest fibers of inferior Sphincter at lower
constrictor muscle end of pharynx
Stylopharyngeus Styloid process of Posterior border of Glossopharyngeal nerve Elevates larynx
temporal bone thyroid cartilage during swallowing
Salpingopharyngeus Auditory tube Blends with palato- Pharyngeal plexus Elevates pharynx
pharyngeus
Palatopharyngeus Palatine aponeurosis Posterior border of Pharyngeal plexus Elevates wall of
thyroid cartilage pharynx, pulls
palatopharyngeal
folds medially
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Figure 11-58 The pharynx seen from behind. A. Note the three constrictor muscles and the posi-
tion of the stylopharyngeus muscles. B. The greater part of the posterior wall of the pharynx has
been removed to display the nasal, oral, and laryngeal parts of the pharynx.
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The floor is formed by the posterior one-third of the
tongue (which is almost vertical) and the interval between
the tongue and the anterior surface of the epiglottis. The mu-
cous membrane covering the posterior third of the tongue is
irregular in appearance because of the presence of the un-
derlying lymphoid tissue, the lingual tonsil (Fig. 11-62).
The mucous membrane is reflected from the tongue onto
the epiglottis. In the midline is an elevation, called the me-
dian glossoepiglottic fold, and two lateral glos-
soepiglottic folds. The depression on each side of the me-
dian glossoepiglottic fold is called the vallecula (Fig.
11-60).

The anterior wall opens into the mouth through the
oropharyngeal isthmus. Below this opening is the pharyn-
geal part of the tongue (Fig. 11-59).

The posterior wall is supported by the body of the sec-
ond cervical vertebra and the upper part of the body of the
third cervical vertebra (Fig. 11-40).

The lateral walls on each side have the palatoglossal
and the palatopharyngeal arches or folds and the palatine
tonsils between them (Fig. 11-60).

The palatoglossal arch is a fold of mucous membrane
covering the underlying palatoglossus muscle. (Fig. 11-60.)
The interval between the two palatoglossal arches marks the
boundary between the mouth and the oral pharynx and is
called the oropharyngeal isthmus (Fig. 11-60).
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The palatopharyngeal arch is a fold of mucous mem-
brane on the lateral wall of the oral part of the pharynx be-
hind the palatoglossal arch (Fig. 11-60). It covers the under-
lying palatopharyngeus muscle. (Fig. 11-60.)

The tonsillar sinus is a triangular recess on the lateral
wall of the oral pharynx between the palatoglossal arch in
front and the palatopharyngeal arch behind. It is occupied
by the palatine tonsil.

Palatine Tonsils

The palatine tonsils are two masses of lymphoid tissue (Fig.
11-60) located in the lateral walls of the oral part of the phar-
ynx in the tonsillar sinuses. Each tonsil is covered by mu-
cous membrane, and its free medial surface projects into
the cavity of the pharynx. The surface is pitted by numerous
small openings, which lead into the tonsillar crypts. The
tonsil is covered on its lateral surface by a layer of fibrous tis-
sue called the capsule (Fig. 11-60).

The tonsil reaches its maximum size during early child-
hood, but after puberty it diminishes considerably in size.

Relations of the Palatine Tonsil

e Anteriorly: The palatoglossal arch.

e Posteriorly: The palatopharyngeal arch.

e Superiorly: The soft palate. Here, the tonsil becomes
continuous with the lymphoid tissue on the undersurface
of the soft palate.

e Inferiorly: The posterior third of the tongue. Here, the
palatine tonsil becomes continuous with the lingual ton-
sil.

e Medially: The cavity of the oral part of the pharynx.

e Laterally: The capsule is separated from the superior
constrictor muscle by loose areolar tissue (Fig. 11-60).
The external palatine vein descends from the soft palate
in this loose connective tissue to join the pharyngeal ve-
nous plexus. Lateral to the superior constrictor muscle
lies the loop of the facial artery. The internal carotid artery
lies 1 inch (2.5 cm) behind and lateral to the tonsil.

Blood Supply The arterial supply to the tonsil is the ton-
sillar artery, a branch of the facial artery.

The veins pierce the superior constrictor muscle and
join the external palatine, the pharyngeal, or the facial veins.

Lymph Drainage The lymph vessels join the upper deep
cervical lymph nodes. The most important node of this
group is the jugulodigastric node, which lies below and be-
hind the angle of the mandible.

Laryngeal Part of the Pharynx

The laryngeal part of the pharynx lies behind the opening
into the larynx and the posterior surface of the larynx. It ex-
tends between the upper border of the epiglottis and the
lower border of the cricoid cartilage. It has an anterior wall,
a posterior wall, and lateral walls.

The anterior wall is formed by the inlet of the larynx
and by the mucous membrane covering the posterior sur-
face of the larynx (Fig. 11-59).

The posterior wall is supported by the bodies of the
third, fourth, fifth, and sixth cervical vertebrae.
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The lateral wall is supported by the thyroid cartilage
and the thyrohyoid membrane. A small but important
groove in the mucous membrane, called the piriform
fossa, is situated on each side of the laryngeal inlet (Fig. 11-
59). It leads obliquely downward and backward from the re-
gion of the back of the tongue to the esophagus. The piri-
form fossa is bounded medially by the aryepiglottic fold and
laterally by the lamina of the thyroid cartilage and the thy-
rohyoid membrane.

NERVE SUPPLY OF THE PHARYNX

The nerve supply of the pharynx is from the pharyngeal
plexus; the latter is formed from branches of the glossopha-
ryngeal, vagus, and sympathetic nerves.

The motor nerve supply is derived from the cranial part
of the accessory nerve, which, via the branch of the vagus to
the pharyngeal plexus, supplies all the muscles of the phar-
ynx except the stylopharyngeus, which is supplied by the
glossopharyngeal nerve.

The sensory nerve supply of the mucous membrane of
the nasal part of the pharynx is mainly from the maxillary
nerve. The mucous membrane of the oral pharynx is mainly
supplied by the glossopharyngeal nerve. The mucous mem-
brane around the entrance into the larynx is supplied by the
internal laryngeal branch of the vagus nerve.

BLOOD SUPPLY OF THE PHARYNX

The arterial supply of the pharynx is derived from
branches of the ascending pharyngeal, the ascending pala-
tine, the facial, the maxillary, and the lingual arteries.

The veins drain into the pharyngeal venous plexus,
which in turn drains into the internal jugular vein.

LYMPH DRAINAGE OF THE PHARYNX

The lymph .vessels from the pharynx drain either directly
into the deep cervical lymph nodes or indirectly via the
retropharyngeal or paratracheal nodes.

The Palate

The palate forms the roof of the mouth. It is divided into two
parts: (1) the hard palate in front and (2) the soft palate be-
hind.

HARD PALATE

The hard palate is formed by the palatine processes of the
maxillae and the horizontal plates of the palatine bones
(Fig. 11-58). It is bounded by the alveolar arches, and be-
hind it is continuous with the soft palate. It forms the floor of
the nasal cavities.

The undersurface of the hard palate is covered with mu-
coperiosteum and possesses a median ridge, on either side
of which the mucous membrane shows corrugations.

SOFT PALATE

The soft palate is a mobile fold attached to the posterior bor-
der of the hard palate (Fig. 11-60). Its free posterior border
presents in the midline a conical projection called the
uvula. The soft palate is continuous at the sides with the lat-
eral wall of the pharynx.
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The soft palate is compesed of (1) mucous membrane,
{(2) palatine aponeurosis, and (3) muscles.

The mucous membrane covers the upper and lower sur-
faces of the soft palate.

The palatine aponeurosis is a fibrous sheet attached to
the posterior border of the hard palate. It is the expanded
tendon of the tensor veli palatini.

Muscles of the Soft Palate

The muscles of the soft palate are the tensor veli palatini, the
levator veli palatini, the palatoglossus, the palatopharyn-
geus, and the musculus uvulae (Fig. 11-60).

The muscle fibers of the tensor veli palatini converge as
they descend from their origin to form a narrow tendon,
which turns medially around the pterygoid hamulus. The
tendon, together with the tendon of the opposite side, ex-
pands to form the palatine aponeurosis. When the muscles
of the two sides contract, the soft palate is tightened so that
the soft palate may be moved upward or downward as a
tense sheet.

The muscles of the soft palate, their origins, inserfions.
nerve supply, and actions are summarized in Table 11-9,

Nerve Supply of the Palate

The greater and lesser palatine nerves from the maxillary di-
vision of the trigeminal nerve enter the palate through the
greater and lesser palatine foramina. The nasopalatine
nerve, also a branch of the maxillary nerve, enters the front
of the hard palate through the incisive foramen. The glos-
sopharyngeal nerve also supplies the soft palate.
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auditory tube

Petrous part of
temporal bone,
auditory tube

Palatine aponeurosis

Levator veli palatini

Palatoglossus

Palatopharyngeus Palatine aponeurosis

Posterior border of
hard palate

Musculus uvulae
uvula
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’? Table 11-9 Muscles of the Soft Palate
q@:;:;f'ﬁ;;;“ Origin Insertion Nerve Supply Action
Tensor veli palatini Spine of sphenoid, With muscle of other Nerve to medial Tenses soft palate

side, forms palatine
aponeurosis
Palatine aponeurosis

Side of tongue

Posterior border of
thyroid cartilage

Mucous membrane of

pterygoid from
mandibular nerve

Pharyngeal plexus Raises soft palate

Pulls root of tongue
upward and backward,
narrows oropharyngeal
isthmus

Elevates wall of pharynx,
pulls palatopharyngeal
folds medially

Elevates uvula

Pharyngeal plexus

Pharyngeal plexus

Pharyngeal plexus
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Figure 11-60 A. Junction of the nose with the nasal part of the pharynx and the mouth with the
oral part of the pharynx. Note the position of the tonsil and the opening of the auditory tube. B.
Muscles of the soft palate and the upper part of the pharynx. C. Muscles of the soft palate seen
from behind. D. Horizontal section through the mouth and the oral part of the pharynx showing
the relaticns of the tonsil.
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Blood Supply of the Palate

The greater palatine branch of the maxillary artery, the as-
cending palatine branch of the facial artery, and the as-
cending pharyngeal artery.

Lymph Drainage of the Palate

Deep cervical lymph nodes.

Movements of the Soft Palate

The pharyngeal isthmus (the communicating channel be-
tween the nasal and oral parts of the pharynx) is closed by
raising the soft palate. Closure occurs during the production
of explosive consonants in speech.

The soft palate is raised by the contraction of the levator
veli palatini on each side. At the same time, the upper fibers
of the superior constrictor muscle contract and pull the pos-
terior pharyngeal wall forward. The palatopharyngeus mus-
cles on both sides also contract so that the palatopharyngeal
arches are pulled medially, like side curtains. By this means
the nasal part of the pharynx is closed off from its oral part.

CLEFT PALATE

Cleft palate is commonly associated with cleft upper lip. All
degrees of cleft palate occur and are caused by failure of the
palatal processes of the maxilla to fuse with each other in
the midline; in severe cases these processes also fail to fuse
with the primary palate (premaxilla) (Fig. 11-61). The first
degree of severity is cleft uvula, and the second degree is un-
united palatal processes. The third degree is ununited
palatal processes and a cleft on one side of the primary
palate. This type is usually associated with unilateral cleft
lip. The fourth degree of severity, which is rare, consists of
ununited palatal processes and a cleft on both sides of the
primary palate. This type is usually associated with bilateral
cleft lip. A rare form may occur in which a bilateral cleft lip
and failure of the primary palate to fuse with the palatal pro-
cesses of the maxilla on each side are present.

THE MECHANISM OF SWALLOWING

After food enters the mouth, it is usually broken down by the
grinding action of the teeth and is mixed with saliva. The
food is repeatedly passed between the opposing teeth as a
result of the movements of the tongue and the “trampoline-
like” action of the buccinator muscles of the cheeks. The
thoroughly mixed food is now formed into a bolus on the
dorsum of the tongue and pushed upward and backward
against the undersurface of the hard palate. This is brought
about by the contraction of the styloglossus muscles on
both sides, which pull the root of the tongue upward and
backward. The contraction of the palatoglossus muscles
now squeezes the bolus backward into the oral part of the
pharynx. The process of swallowing is an involuntary act
from this point onward.

The nasal part of the pharynx is now shut off from the oral
part of the pharynx by the elevation of the soft palate (see
above ), the pulling forward of the posterior pharyngeal wall
by the upper fibers of the superior constrictor muscle, and
the contraction of the palatopharyngeus muscles.

The larynx and laryngeal part of the pharynx are now
pulled upward by the contraction of the stylopharyngeus,
salpingopharyngeus, thyrohyoid, and palatopharyngeus
muscles. The main part of the larynx is thus elevated to the
posterior surface of the epiglottis, and the entrance into the
larynx is closed. (See p.177)
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Figure 11-61  Different forms of cleft palate: cleft uvula (A),
cleft soft and hard palate (B), total unilateral cleft palate and
cleft lip (C), total bilateral cleft palate and cleft lip (D), and
bitateral cleft lip and jaw (E).
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The bolus moves downward over the epiglottis, the closed
entrance into the larynx, and reaches the lower part of the
pharynx as a result of the successive contraction of the supe-
rior, middle, and inferior constrictor muscles. Some of the
food slides down the grooves on either side of the entrance
into the larynx, that is, down through the piriform fossae.

Finally, the lower fibers of the inferior constrictor muscle
(cricopharyngeus muscle) relax, and the bolus enters the
esophagus.

The Nose

The nose consists of the external nose and the nasal cavity.

EXTERNAL NOSE

The external nose has a free tip and is attached to the fore-
head by the root, or bridge, of the nose. The external ori-
fices of the nose are the two nostrils, or nares (Fig. 11-62).
Each nostril is bounded laterally by the ala and medially by
the nasal septum.

The framework of the external nose is made up above by
the nasal bones, the frontal processes of the maxillae, and
the nasal part of the frontal bone. Below, the framework is
formed of plates of hyaline cartilage, which include the up-
per and lower nasal cartilages and the septal cartilage.
The muscles acting on the external nose are described on
page 60 .

NASAL CAVITY

The nasal cavity extends from the nostrils in front to the
choanae behind (Fig. 11-62). It is divided into right and left
halves by the nasal septum. Each half has a floor, a roof,
and a lateral wall and medial wall.
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The floor is formed by the palatine process of the max-
illa and the horizontal plate of the palatine bone (i.e., the
upper surface of the hard palate).

The roof is narrow and is formed from behind forward by
the body of the sphenoid, the cribriform plate of the eth-
moid, the frontal bone, the nasal bone, and the nasal carti-
lages.

The lateral wall is marked by three projections called
the superior, middle, and inferior nasal conchae. The
area below each concha is referred to as a meatus (Fig. 11-
62).

The spheno-ethmoidal recess is a small area of the nose
that lies above the superior concha and in front of the body
of the sphenoid bone. It receives the opening of the sphe-
noidal air sinus (Fig. 11-62).

The superior meatus lies below and lateral to the supe-
rior concha. [t receives the openings of the posterior eth-
moidal sinuses (Fig. 11-62).

The middle meatus lies below and lateral to the middle
concha. It has on its lateral wall a rounded prominence, the
bulla ethmoidalis, caused by the bulging of the underlying
middle ethmoidal air sinuses, which open on its upper bor-
der (Fig. 11-62). A curved cleft, the hiatus semilunaris, lies
immediately below the bulla. The anterior end of the hiatus
leads into a funnelshaped channel called the infundibu-
lum. The maxillary sinus opens into the middle meatus via
the hiatus semilunaris. The frontal sinus opens into and is
continuous with the infundibulum. The anterior eth-
moidal sinuses also open into the infundibulum.

The middle meatus is comttinuous in front with a depres-
sion called the atrium. The atrium is limited above by a
ridge, the agger nasi (Fig. 11-62). Below and in front of the
atrium, and just within the nostril, is the vestibule. This is
lined by modified skin and possesses short, curved hairs, or
vibrissae.

The inferior meatus lies below and lateral to the inferior
concha and receives the opening of the nasolacrimal duct
(Fig. 11-62). A fold of mucous membrane forms an imper-
fect valve, which guards the opening of the duct.

The medial wall, or nasal septum, is an osteocartilagi-
nous partition covered by adherent mucous membrane.
The upper part is formed by the vertical plate of the eth-
moid, and its posterior patt is formed by the vomer. The an-
terior portion is formed by the septal cartilage. Only rarely
does it lie in the median plane.

The mucous membrane lines the nasal cavities with the
exception of the vestibules, which are lined by modified
skin. The two types of mucous membrane are (/) olfactory
and (2) respiratory.

The olfactory muccous membrane lines the upper sur-
face of the superior concha and the spheno-ethmoidal re-
cess. It also lines a corresponding area on the nasal septum
and lines the roof. Its function is the reception of olfactory
stimuli, and for this purpose it possesses specialized olfac-
tory nerve cells. The central axons of these cells (the ol-
factory nerve fibers) pass through the openings in the
cribriform plate of the ethmoid and end in the olfactory
bulbs. (See p. 116) The surface of the mucous membrane
is kept moist by the secretions of numerous serous glands.
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The respiratory mucous membrane lines the lower
part of the nasal cavities. Its function is to warm, maoisten,
and clean the inspired air. The warming process is accom-
plished by the presence of a plexus of veins in the submu-
cous connective tissue. The moisture is derived from the
abundant production of mucus secreted by glands and gob-
let cells. Inspired dust particles are removed from the air by
the moist, sticky surface of the mucous membrane. The con-
taminated mucus is continually being moved backward by
the ciliary action of the columnar ciliated epithelium that
covers the surface. On reaching the pharynx, the mucus is
swallowed.

NERVE SUPPLY OF THE NASAL CAVITY

The olfactory nerves arise from the special olfactory cells
in the olfactory mucous membrane described above. They
ascend through the cribriform plate to reach the olfactory
bulbs. (See p.116)

The nerves of general sensation are derived from the
ophthalmic and maxillary divisions of the trigeminal nerve.
The nerve supply to the anterior part of the nasal cavity
comes from the anterior ethmoidal nerve. The nerve supply
to the posterior part of the nasal cavity comes from the
nasal, nasopalatine, and palatine branches of the ptery-
gopalatine ganglion.

BLOOD SUPPLY OF THE NASAL CAVITY

The arterial supply to the nasal cavity is derived mainly
from branches of the maxillary artery. The most important
branch is the sphenopalatine artery. The sphenopalatine
artery anastomoses with the septal branch of the superior
labial branch of the facial artery in the region of the
vestibule. This is a common site of bleeding from the nose
(epistaxis).

The veins form a rich plexus in the submucosa. The
plexus is drained by veins that accompany the arteries.

LYMPH DRAINAGE OF THE NASAL CAVITY

The lymph vessels draining the vestibule end in the sub-
mandibular nodes. The remainder of the nasal cavity is
drained by vessels that pass to the upper deep cervical
nodes.

The Paranasal Sinuses

The paranasal sinuses are cavities found in the interior of
the maxilla, frontal, sphenoid, and ethmoid bones (Figs. 11-
62 and 11-63). They are lined with mucoperiosteum and
filled with air; they communicate with the nasal cavity
through relatively small apertures. The maxillary and sphe-
noidal sinuses are present in a rudimentary form at birth;
they enlarge appreciably after the eighth year and become
fully formed in adolescence.

The mucus produced by the glands in the mucous mem-
brane is moved into the nose by ciliary action of the colum-
nar cells. Drainage of the mucus is also achieved by the
siphon action created during the blowing of the nose. The
function of the sinuses is to act as resonators to the voice;
they also reduce the weight of the skull. When the apertures
of the sinuses are blocked, or they become filled with fluid,
the quality of the voice is markedly changed.
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Figure 11-63  A. Bones of the face showing the positions of the frontal and maxillary sinuses.

B. Regions where pain is experienced in sinusitis. (Lightly dotted area in frontal sinusitis; solid area in
spheno-ethmoidal sinusitis; and heavily dotted area in maxillary sinusitis.) C. Coronal section through
the nasal cavity showing the frontal, ethmoidal, and maxillary sinuses.
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The maxillary sinus is located within the body of the
maxilla (Fig. 11-63). It is pyramidal, with the base forming
the lateral wall of the nose and the apex in the zygomatic
process of the maxilla. The roof is formed by the floor of the
orbit, whereas the floor is formed by the alveolar process.
The roots of the first and second premolars and of the third
molar, and sometimes the root of the canine, project up into
the sinus. Extraction of a tooth can result in a fistula, and an
infected tooth can produce sinusitis.

The maxillary sinus opens into the middle meatus o
nose through t''e hiatus semilunaris (Fig. 11-63) Because
The frontal and anterior ethmoidal sinuses arain into the in-
fundibulum, which in turn drains into the hiatus semilu-
naris, the chance that infection may spread from these si-
nuses into the maxillary sinus is great.
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The mucous membrane of the maxillary sinus is supplied
by the superior alveolar and infraorbital nerves.

The frontal sinuses, two in number, are contained
within the frontal bone (Fig. 11-62). They are separated from
each other by a bony septum, which frequently deviates
from the median plane. Each sinus is roughly triangular, ex-
tending upward above the medial end of the eyebrow and
backward into the medial part of the roof of the orbit.

Each frontal sinus opens into the middle meatus of the
nose through the infundibulum (Fig. 11-62). The mucous
membrane is supplied by the supraorbital nerve.

The sphenoidal sinuses, two in number, lie within the
body of the sphenoid bone (Fig. 11-62). Each sinus opens
into the sphenoethmoidal recess above the superior con-
cha. The mucous membrane is supplied by the posterior
ethmoidal nerves.

The ethmoidal sinuses are contained within the eth-
moid bone, between the nose and the orbit (Fig. 11-63).
They are separated from the latter by a thin plate of bone so
that infection can readily spread from the sinuses into the or-
bit. They are divided into three groups: anterior, middle, and
posterior. The anterior group opens into the infundibulum;
the middle group opens into the middle meatus, on or
above the bulla ethmoidalis; and the posterior group opens
into the superior meatus. The mucous membrane is sup-
plied by the anterior and posterior ethmoidal nerves. See
Table 11-10.

The Larynx

The larynx is a specialized organ that provides a protective
sphincter at the inlet of the air passages and is responsible
for voice production. Above it opens into the laryngeal part
of the pharynx and below it is continuous with the trachea.

The frathework of the larynx is made up of cartilages,
which are connected by membranes and ligaments and
moved by muscles. It is lined by mucous membrane.

The thyroid cartilage (Fig. 11-64) consists of two lami-
nae of hyaline cartilage meeting in the midline in the promi-
nent V angle of the Adam's apple. The posterior border of
each lamina is drawn upward into a superior cornu and
downward into an inferior cornu. On the outer surface of
each lamina is an oblique line for the attachment of the
sternothyroid, the thyrohyoid, and the inferior constrictor
muscles.

The cricoid cartilage is formed from a complete ring of
hyaline cartilage (Fig. 11-64). It is shaped like a signet ring
and lies below the thyroid cartilage. It has a narrow anterior
arch and a broad posterior lamina. On each side of the lat-
eral surface is a circular facet for articulation with the infe-
rior cornu of the thyroid cartilage. On each side of the upper
border is an articular facet for articulation with the base of
the arytenoid cartilage. All these joints are synovial joints.

The arytenoid cartilages are small, two in number, and
pyramidal (Fig. 11-64). They are situated at the back of the
larynx, on the upper border of the lamina of the cricoid car-
tilage. Each cartilage has an apex above and a base below.
The apex supports the corniculate cartilage. The base artic-
ulates with the cricoid cartilage. Two processes project from
the base. The vocal process projects horizontally forward
and gives attachment to the vocal ligament. The muscular
process projects laterally and gives attachment to the pos-
terior and lateral cricoarytenoid muscles.
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’ Table 11-10 Paranasal Sinuses and Their Site of

iR A gyl 8] pa g i) cuila cigads(10-11) gl

Posterior group Superior meatus

*Note that maxillary and sphenoidal sinuses are present in
rudimentary form at birth and enlarge appreciably after the eighth
year and are fully formed in adolescence.

Drainage Into the Nose* .
: o paill o3 g0 !
Name of Sinus Site of Drainage
AN de il SOt e e g el | Sl k)
Maxillary sinus Middle meatus through hiatus RS D g el il g
semilunaris el Go b e da g Ll Olaged! DL
Frontal sinuses Middle meatus via . . ]
infundibulum A SN o3 O oL
Sphenoidal sinuses Sphenoethmoidal recess -3t
Ethmoidal sinuses oAb ot
Anterior group Infundibulum and into middle o Y Fleal 3y el Ll e o4
meatus .
Middle group Middle meatus on or above Ay el 3 o e e Y1 pleall (b g e pat]
bulla ethmoidalis el e Sl Rt

The corniculate cartilages (Fig. 11-64) are two small
nodules that articulate with the apices of the arytenoid car-
tilages and give attachment to the aryepiglottic folds. (See
below.)

The cuneiform cartilages are two small, rod-shaped
pieces of cartilage placed so that one is in each aryepiglot-
tic fold. They serve as supports for the folds (Fig. 11-64).

The epiglottis is a leafshaped elastic cartilage situated
behind the root of the tongue (Fig. 11-64). It is connected in
front to the body of the hyoid bone, and by its stalk to the
back of the thyroid cartilage. The sides of the epiglottis are
connected to the arytenoid cartilages by the aryepiglottic
folds. The upper edge of the epiglottis is free, and the cover-
ing of mucous membrane is reflected forward onto the pos-
terior surface of the tongue. Here, a median glos-
soepiglottic fold and lateral pharyngoepiglottic folds
are present. The valleculae are depressions of mucous
membrane present on either side of the glossoepiglottic fold
(Fig. 11-65).

MEMBRAMES AND LIGAMENTS OF THE LARYNX

The thyrohyoid membrane connects the upper margin of
the thyroid cartilage below to the posterior surface of the
body and greater cornu of the hyoid bone above (Fig. 11-
64). In the midline the membrane is thickened to form the
median thyrohyoid ligament; the posterior borders are
thickened to form the lateral thyrohyoid ligaments. On
each side the membrane is pierced by the superior laryn-
geal vessels and the internal laryngeal nerve.

The cricotracheal ligament connects the lower margin
of the cricoid cartilage to the first ring of the trachea (Fig. 11-
64).

The fibroelastic membrane of the larynx lies beneath
the mucous membrane lining the larynx. The upper portion
of the membrane is called the quadrangular membrane,
and it extends between the epiglottis and the arytenoid car-
tilages (Fig. 11-66). Its lower margin forms the vestibular
ligaments. The lower part of the fibroelastic membrane is
called the cricothyroid ligament. The anterior part of the
cricothyroid ligament is thick and connects the cricoid car-
tilage to the lower margin of the thyroid cartilage (Fig. 11-
64). The lateral part of the ligament is thin and is attached
below to the upper margin of the cricoid cartilage. The su-
perior margin of the ligament, instead of being attached to
the lower margin of the thyroid cartilage, ascends within the
thyroid cartilage on its medial surface. Its upper margin is
thickened and forms the important vocal ligament on each
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side (Fig. 11-64). The anterior end of each vocal ligamentis 5= b, C/\" ALY Ll S5 (6411 Lg-;il") il )53
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Figure 11-65 Dorsal surface of the tongue showing the valleculae, the epiglottis, and the entrance

into the prirform fossa on each side (arrows).
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INLET OF THE LARYNX

The inlet of the larynx looks backward and upward into the
laryngeal part of the pharynx (Fig. 11-62). The opening is
bounded in front by the upper margin of the epiglottis; lat-
erally by the aryepiglottic fold of mucous membrane, which
connects the epiglottis to the arytenoid cartilage; and poste-
riorly and below by the mucous membrane stretching be-
tween the arytenoid cartilages. The corniculate cartilage on
the apex of the arytenoid cartilage and the small bar, the
cuneiform cartilage, produce a small elevation on the upper
border of each aryepiglottic fold.

CAVITY OF THE LARYNX

The cavity of the larynx extends from the inlet to the lower
border of the cricoid cartilage. It is divided into three parts:
(1) the upper part, or vestibule; (2) the middle part; and (3)
the lower part.

The vestibule of the larynx extends from the inlet to
the vestibular folds (Fig. 11-66).

The pink vestibular folds project medially. The rima
vestibuli is the gap between the vestibular folds. The
vestibular ligament, which lies within each vestibular
fold, is the thickened lower edge of the quadrangular
membrane (Fig. 11-66). The ligament stretches from the
thyroid cartilage to the arytenoid cartilage.
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The middle part of the larynx extends from the level
of the vestibular folds to the level of the vocal folds. The
vocal folds are white and contain the vocal ligaments
(Fig. 11-66). Each vocal ligament is the thickened upper
edge of the cricothyroid ligament (Fig. 11-66). It stretches
from the thyroid cartilage in front to the vocal process of
the arytenoid cartilage behind (Fig 11-67). The rima glot-
tidis is the gap between the vocal folds in front and the vo-
cal processes of the arytenoid cartilages behind.

Between the vestibular and vocal folds on each side is
a small recess, called the sinus of the larynx. It is lined
with mucous membrane, and from it, a small diverticu-
lum, called the saccule of the larynx, passes upward be-
tween the vestibular fold and the thyroid cartilage (Fig.
11-66).

The lower part of the larynx extends from the level of
the vocal folds to the lower border of the cricoid cartilage.
Its walls are formed by the inner surface of the cricothy-
roid ligament and the cricoid cartilage.

The mucous membrane of the larynx lines the cavity
and is covered with ciliated columnar epithelium. On the
vocal folds, however, where the mucous membrane is sub-
ject to repeated trauma during phonation, the mucous
membrane is covered with stratified squamous epithe-
lium.

MUSCLES OF THE LARYNX

The muscles can be divided into two groups: (1) extrinsic
and (2) intrinsic.

Extrinsic Muscles

The extrinsic muscles can be divided into two opposing
groups, the elevators of the larynx and the depressors of the
larynx. The larynx moves up during swallowing and down
after swallowing. Because the hyoid bone is attached to the
thyroid cartilage by the thyrohyoid membrane, it follows
that movements of the hyoid bone are accompanied by
movements of the larynx.

Elevators of the Larynx

The elevators of the larynx include the digastric, the stylo-
hyoid, the mylohyoid, and the geniohyoid muscles. The sty-
lopharyngeus, the salpingopharyngeus, and the palatopha-
ryngeus, which are inserted into the posterior border of the
lamina of the thyroid cartilage, also elevate the larynx.

Depressors of the Larynx

The depressors of the larynx include the sternothyroid, ster-
nohyoid, and omohyoid muscles. The action of these mus-
cles is assisted by the elastic recoil of the trachea.

Intrinsic Muscles

The intrinsic muscles can be divided into two groups: those
that control the inlet into the larynx and those that move the
vocal folds.

The intrinsic muscles of the larynx, their origins, inser-
tions, nerve supply, and actions are summarized in Table 11-
11. See also Figure 11-66.

Sphincteric Function of the Larynx

The two sphincters in the larynx are (7) at the inlet and (2)
at the rima glottidis.
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C. Rima glottidis partially open as in quiet breathing. D. Rima glottidis wide open as in deep breathing.

E. Muscles that move vocal ligaments.
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Figure 11-67 Diagrams showing the attachments and actions of the cricothyroid muscle. A. Right
lateral view of the larynx and the cricothyroid muscle. B. Interior view of the larynx showing the
relaxed right vocal ligament. C. Interior view of the larynx showing the right vocal ligament
stretched as a result of the cricoid and arytenoid cartilages tilting backward by contraction of the

cricothyroid muscles.
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The sphincter at the inlet is used only during swallowing.
Asthe bolus of food is passed backward between the tongue
and the hard palate, the larynx is pulled up beneath the
back of the tongue. The inlet of the larynx is narrowed by
the action of the oblique arytenoid and aryepiglottic mus-
cles. The epiglottis is pushed backward by the tongue and
serves as a cap over the laryngeal inlet. The bolus of food, or
fluids, now enters the esophagus by passing over the epiglot-
tis or moving down the grooves on either side of the laryn-
geal inlet, the piriform fossae.

In coughing or sneezing, the rima glottidis serves as a
sphincter. After inspiration, the vocal folds are adducted,
and the muscles of expiration are made to contract strongly.
As a result, the intrathoracic pressure rises, whereon the vo-
cal folds are suddenly abducted. The sudden release of the
compressed air often dislodges foreign particles or mucus
from the respiratory tract and carries the material up into the
pharynx. Here, the particles are either swallowed or expec-
torated.

In abdominal straining associated with micturition, defe-
cation, and parturition, the air is often held temporarily in the
respiratory tract by closing the rima glottidis. After deep in-
spiration, the rima glottidis is closed. The muscles of the an-
terior abdominal wall now contract, and the upward move-
ment of the diaphragm is prevented by the presence of
compressed air within the respiratory tract. After a prolonged
effort the person often releases some of the air by momen-
tarily opening the rima glottidis, producing a grunting sound.

de wl Coo (@) ST pasa o al) e 53 g 15l O
§ il ot hall Gl DL Gy R o plalall R
lanll iy 5 o) i o Ol o b e d LY 4o
Gl o S w5y iy Sl Bl laally U Al )
plakall Ld) Jor o Lo & i) ot te 33 1S o) OLN sl
8 G o S ey S G55 ey s N
o S i Lin g i) e il e 003 o b1 il
03K e 8 aaaS L st Jam ol f Sl ey
P eae 8,85y oo il La g Gagt Sy OLs5 el Ol
:APLeﬁi._:)J_.aJlJ_ﬁl;w1tﬁﬂ mndlyy oy alid) Sazs
Ue b jaiall el pgll rorlall G 0% JUL y cilmd 0125 gall Ol
N s Ll y gl ool o Bkl B W) ol ) 3 e
(i) Lntds of Lgedal o3 o ppald) )
MLA{JEJ\:&MJ):}:MJJ),:UL',.i!}.l‘;'h._]l.,l.ﬂ‘l;l.‘.ﬁj
Ao Sl OME] o Lol i BN il ol (3 S5 oyl
S Sy W el e SBhae (el Ly Gens Gogs o)
Jotls byian olyn sy y oy SAE Y LoV g ) Ol
ey ol oy St g U gl 3 iy i Jord

A Lt O g ) o il Ll G i

©

Bally el < pdie okt Juadll ———



5 padall LIl el (11-11) fpind

oalt I Comandll I 353,31 I el | ilanll ol
1B e g WS gl Sl —
ol @ s b e ol 3 e g madll g [ Sl S e | Oy i) Ll S e A Aol
Legrians_poui o SUA czlgor ol JE Jger ol Je
ol e Gk 2 ) e | ol i) el e | S At U e [ Oy aill Y e i S 23,0
o Wy on SN ol M bt Ll ey \}jJ'm
Mgoiany A S
i gl JUy ot gl paall O 2 WSt g Sl —
_o___,j).ajla.l_.i.l_;); J_.u.ghgﬁ..-;.h_,.mj'. oJ_;Ji_,:\,h_..J'.a_'.LMu_l; u;.m_j},,aﬂlgtkk-,. 4yl aald
ol Oy adll Lil
.;,g,‘,ﬁh-,;,u@-.; Cﬂ.,l_,.'.l‘,gﬁ'_d.l.._,.adlw ‘Jﬁ.‘.»)a";))}.‘ﬁméﬁ ‘-"’J-'"""U‘,sl"“-‘hch—J";r' (37 pmally lgdal) 23,00
S
i ga A& el A g il candl e | G panll Laall U e | Oy ) 1l AU L) Lo Jall a2l
e ) Oy ] A
Oy piadll gty A peall JLA dnd el il el e | g anl) Ll U Lo G Oy il b il i bl gl
S b e ol
Sl gt o il 5 ) i | el Mg el aall e | Oy il e B e | Sl Gyl gl e el allger fali
Al ol s jladl oy iz U3 ey Sl Jlg > P (PR
) (e
!Tnhle 11-11  Intrinsic Muscles of the Larynx
Name of Muscle Origin Insertion Nerve Supply Action
Muscles Controlling the Laryngeal Inlet
Oblique arytenoid Muscular process of Apex of opposite Recurrent laryngeal Narrows the inlet by
arytenoid cartilage arytenoid cartilage nerve bringing the
aryepiglottic folds
together
Thyroepiglottic Medial surface of Lateral margin of Recurrent laryngeal ~ Widens the inlet by
thyroid cartilage epiglottis and nerve pulling the
aryepiglottic fold aryepiglottic
folds apart

Cricothyroid

Side of cricoid
cartilage

Inner surface of
thyroid cartilage

Upper border of
cricoid cartilage

Thyroarytenoid (vocalis)

Lateral cricoarytenoid

Back of cricoid
cartilage

Posterior cricoarytenoid

Transverse arytenoid Back and medial

Muscles Controlling the Movements of the Vocal Folds (Cords)

Lower border and
inferior cornu of
thyroid cartilage

Arytenoid cartilage

Muscular process of
arytenoid cartilage

Muscular process of
arytenoid cartilage

Back and medial

External laryngeal

nerve

Tenses vocal cords

Recurrent laryngeal
nerve

Recurrent laryngeal
nerve

Recurrent laryngeal
nerve

Recurrent laryngeal

Relaxes vocal cords

Adducts the vocal cords
by rotating arytenoid
cartilage

Abducts the vocal cords
by rotating arytenoid
cartilage

Closes posterior part of

surface of surface of opposite nerve rima glottidis by
arytenoid cartilage arytenoid cartilage approximating
arytenoid cartilages
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Vaice Production in the Larynx

The intermittent release of expired air between the ad-
ducted vocal folds results in their vibration and in the pro-
duction of sound. The frequency, or pitch, of the voice is
determined by changes in the length and tension of the vo-
cal ligaments. The quality of the voice depends on the res-
onators above the larynx, namely, the pharynx, the mouth,
and the paranasal sinuses. The quality is controlled by the
muscles of the soft palate, tongue, floor of the mouth,
cheeks, lips, and jaws. Normal speech depends on the
modification of the sound into recognizable consonants
and vowels by use of the tongue, teeth, and lips. Vowel
sounds are usually purely oral with the soft palate raised;
that is, the air is channeled through the mouth rather than
the nose. The physician tests the mobility of the soft palate
by asking the patient to say “ah” with the mouth open.
Speech involves the intermittent release of expired air
between the adducted vocal folds. Singing a note requires
a more prolonged release of the expired air between the ad-
ducted vocal folds. In whispering, the vocal folds are ad-
ducted, but the arytenoid cartilages are separated; the vi-
brations are given to a constant stream of expired air that
passes through the posterior part of the rima glottidis.”

Movements of the Vocal Folds With Respiration

In quiet respiration, the rima glottidis is triangular, with the
apex in front (Fig. 11-66C). With forced inspiration, the rima
glottidis assumes a diamond shape because of the lateral ro-
tation of the arytenoid cartilages (Fig. 11-66D).

NERVE SUPPLY OF THE LARYNX

The sensory nerve supply to the mucous membrane of the
larynx above the vocal folds is from the internal laryngeal
branch of the superior laryngeal branch of the vagus. Below
the level of the vocal folds, the mucous membrane is sup-
plied by the recurrent laryngeal nerve.

The motor nerve supply to the intrinsic muscles of the
larynx is the recurrent laryngeal nerve, except for the
cricothyroid muscle, which is supplied by the external laryn-
geal branch of the superior laryngeal branch of the vagus.

BLOOD SUPPLY AND LYMPH DRAINAGE OF THE
LARYNX

The arterial supply to the upper half of the larynx is from the
superior laryngeal branch of the superior thyroid artery. The
lower half of the larynx is supplied by the inferior laryngeal
branch of the inferior thyroid artery.

The lymph vessels drain into the deep cervical group of
nodes.

RADIOGRAPHIC ANATOMY

Before studying the radiographic appearance of the head
and neck, the student is encouraged to examine pho-

tographs of sections of the head and neck (see Figs. 1168,
11-69, and 11-70).
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Radiographic Appearance of the Head
and Neck

~

Routine radiolagic examination of the head and neck con-

centrates mainly on the bony structures because the brain,
muscles, tendons, and nerves blend into a homogeneous
mass. However, a few normal structures within the skull be-
come calcified in the adult, and the displacement of such
structures may indirectly give-evidence of a pathologic con-
dition. The pineal gland, for example, is calcified in 50% of
normal adults. It lies in the midline. The falx cerebri and the
choroid plexuses also become calcified frequently. The
brain can be studied indirectly by the injection of contrast
media into the arterial system leading to the brain (cerebral
arteriogram). The introduction of computed tomographic
(CT) and magnetic resonance imaging (MRI) scans has pro-

vided physicians with safe and accurate methods of study-

ing the intracranial contents.
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Figure 11-71 Postercanterior radiograph of the skull
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FigureH 13

_ateral

Radiographic Appearance of the Skull

The selected position of the skull wlmm to the
depends on the anatomic area that or
strate. In this text the appearance set

teroanterior view and on a lateral view is
posteroanterior and lateral views of the s}
the paranasal sinuses are also described.

The straight posteroanterior view of
71) is taken with the forehead and nose ag
sette and the x-ray tube positioned behind the Jn_ur‘.
pendicular to the film and in line with the e
meatus and the palpebral fissure. In this positi
parts of the temporal bones are superimposed
halves of the orbits.

per-

nal auditory

The different parts of the vault of the skull are visible, and
the sagittal, coronal, and lambdoid sutures can be seen (Fig.
11-72). The frontal sinuses, the upper and lower margins of
the orbit, the nasal septum and the conchae, the maxillary
sinuses, and the maxillary teeth can be identified

| r;=;1in graph of the skull.
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Figure 11-74 Main features that can be seen in the lateral radiograph of the skull in Figure 11-73.
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The rami and body of the mandible are easily recog-
nized. The sphenoidal and ethmoidal air sinuses produce a
composite shadow.

The lateral view of the skull (Fig. 11-73) is taken with
the sagittal plane of the skull parallel with the film cassette.
The xray tube is centered over the region of the sella tur-
cica.

The different parts of the bones of the vault and base of
the skull are well shown (Fig. 11-74). The zygomatic and
maxillary bones are superimposed on each other and are
not clear. The coronal, squamosal (between the squamous
part of the temporal bone and the parietal bone), and lamb-
doid sutures can be recognized. The inner and outer tables
of the skull bones and the intervening diploé can be seen.
Depressions on the inner table are commonly seen in chil-
dren and are produced by the underlying cerebral convolu-
tions.

The grooves produced by the anterior and posterior
branches of the middle meningeal vessels can be seen run-
ning posteriorly across the parietal bones. A wide groove for
the transverse sinus can also be identified as it crosses the
occipital bone. Diploic vessels may be recognized as
branching dark lines.
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The pineal body, if calcified, can be seen as a small
shadow above and behind the external auditory meatus.

Anteriorly, the frontal air sinuses are clearly shown su-
perimposed on one another. Behind them the two orbital
plates of the frontal bones, which form the roofs of the or-
bits, can be demonstrated. Behind these are the lesser wings
of the sphenoid, the anterior clinoid processes, and the sella
turcica. The curved lines of the greater wings of the sphe-
noid and the sphenoidal air sinuses should also be recog-
nized.

Behind the sella turcica, the dorsum sellae and the pos-
terior clinoid processes are clearly seen (Figs. 11-73 and 11-
74). The two petrous parts of the temporal bones are super-
imposed and form a dense shadow between the middle and
posterior cranial fossae. Translucent areas formed by the ex-
ternal auditory meatus and, behind them, the mastoid air
cells can be identified. The auricle of the external ear fre-
quently produces a curved shadow above the petrous parts
of the temporal bones. The temporomandibular joint can be
recognized in front of the external auditory meatus.

The nasal bones, the cribriform plate, the hard palate, the
maxillary air sinus, and the teeth of the upper and lower
jaws can all be seen. The ramus and body of the mandible,
the hyoid bone, and the upper part of the cervical vertebral
column should be identified.

The posteroanterior view of the skull to visualize
the paranasal sinuses (Fig. 11-75) is taken with the fore-
head and nose against the film cassette and the x-ray tube
positioned behind the head but tilted slightly caudally. The
frontal and ethmoidal sinuses are well shown, but the
petrous parts of the temporal bones obscure the maxillary si-
nuses (Fig. 11-76). The ethmoid bones are also superim-
posed on the sphenoidal sinuses.

The lateral view of the skull to visualize the
paranasal sinuses (Fig. 11-77) is taken with the patient po-
sitioned in exactly the same manner as for a routine lateral
radiograph. The sphenoidal and frontal air sinuses are well
shown (Fig. 11-78). The ethmoidal and maxillary sinuses are
also seen, but the bony trabeculae somewhat obscure the
view.

CEREBRAL ARTERIOGRAPHY

The technique of cerebral arteriography is used to detect ab-
normalities of the cerebral arteries and localization of
space-occupying lesions such as tumors, blood clots, or ab-
scesses. With the patient under general anesthesia and in
the supine position, the head is centered on a radiographic
apparatus that will take repeated radiographs at 2-second in-
tervals. Both anteroposterior and lateral projections are ob-
tained. A radiopaque medium is rapidly injected into the lu-
men of the common carotid or vertebral arteries. As the
radiopaque material is introduced, a series of films are ex-
posed. By this means the cerebral arteries can be demon-
strated and their position and patency determined (Figs. 11-
79 to 11-82). This technique is not without risk because the
insertion of a needle through the wall of an artery or the ma-
nipulation of a catheter within its lumen may dislodge an
atheromatous plaque, leading to cerebral embolism.
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Figure 11-75 Posteroanterior radiograph of the skull for the paranasal sinuses.
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Figure 11-76 Main features that can be seen in the posteroanterior radiograph of the skull in
Figure 11-75.
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Figure 11-77 Lateral radiograph of the skull for the paranasal sinuses.
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Figure 11-78 Main features that can be seen in the lateral radiograph of the skull in Figure 11-77.
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Figure 11-79 Lateral internal carotid arteriogram.
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Figure 11-80 Main features that can be seen in the arteriogram in Figure 11-79.
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Figure 11-81 Anteroposterior internal carotid arteriogram.
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Figure 11-82  Main features that can be seen in the arteriogram in Figure 11-81.
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COMPUTED TOMOGRAPHY

CT is commonly used for the detection of intracranial lesions.
It is safe and provides accurate information. (See ch 1.)
Essentially, the observer sees an image of a thin slice through
the head, which can then be photographed for later examina-
tion (Fig. 11-83). The procedure is quick, lasting only a few
seconds for each slice, and most patients require no sedation.
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Figure 11-84 MRIs of the skull. A. Axial image of the brain showing the different parts of the lateral
ventricle and the lateral sulcus of the cerebral hemisphere. B. Coronal image through the frontal
lobe of the brain showing the anterior horn of the lateral ventricle. Note the improved contrast be-
tween the gray and white matter compared with the CT scans seen in Figure 11-83.
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MAGNETIC RESONANCE IMAGING

MRI is also commonly used for detection of intra-
cranial lesions. (See ch 1.) MRI is absolutely safe to the
patient, and, because it provides better differentiation
between gray and white matter in the brain, its use can be
more revealing than a CT scan (Figs. 11-84, 11-85, and
11-86).
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Figure 11-85 MRIs of the skull. A. Coronal image through the occipital lobes of the brain showing
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ent parts of the brain and the nasal and mouth cavities.
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SUMMARY OF THE COURSES
AND DISTRIBUTION OF THE
CRANIAL NERVES
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Now that the basic anatomy of the different regions of the 411 | jud! iax! 0 LSy il ol Al £353 et il

head and neck is complete, a summary of the courses and
distribution of the cranial nerves is given here. Table 11
can also be consulted.

The 12 pairs of cranial nerves leave the brain and pass
through foramina in the skull. All the nerves are distributed
in the head and neck except the tenth, which also supplies
structures in the thorax and abdomen. (See Table 11-4.)

The cranial nerves are named as follows:

1. Olfactory.

II. Optic.

[1I. Oculomotor.

IV. Trochlear.

V. Trigeminal.

VI. Abducent.

VII. Facial.

VIII. Vestibulocochlear.

IX. Clossopharyngeal.

X. Vagus.

Xl. Accessory.

XII. Hypoglossal.
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The olfactory, optic, and vestibulocochlear nerves are
entirely sensory; the oculomotor, trochlear, abducent, ac-
cessory, and hypoglossal nerves are entirely motor; and the
remaining nerves are mixed.

Olfactory Nerves

The oltactory nerves arise from olfactory receptor nerve
cells in the olfactory mucous membrane. The olfactory mu-
cous membrane is situated in the upper part of the nasal
cavity above the level of the superior concha (Fig. 11-87).
Bundles of these olfactory nerve fibers pass through the
openings of the cribriform plate of the ethmoid bone to en-
ter the olfactory bulb in the cranial cavity. The olfactory
bulb is connected to the olfactory area of the cerebral cor-
tex by the olfactory tract.

Optic Nerve

The optic nerve is composed of the axons of the cells of the
ganglionic layer of the retina. The optic nerve emerges
from the back of the eyeball and leaves the orbital cavity
through the optic canal to enter the cranial cavity. The optic
nerve then unites with the optic nerve of the opposite side to
form the optic chiasma (Fig. 11-87).

In the chiasma, the fibers from the medial half of each
retina cross the midline and enter the optic tract of the op-
posite side, whereas the fibers from the lateral half of each
retina pass posteriorly in the optic tract of the same side.
Most of the fibers of the optic tract terminate by synapsing
with nerve cells in the lateral geniculate body (Fig. 11-87).
A few fibers pass to the pretectal nucleus and the superior
colliculus and are concemned with light reflexes.

The axons of the nerve cells of the lateral geniculate
body pass posteriorly as the optic radiation and terminate
in the visual cortex of the cerebral hemisphere (Fig. 11-87).

Oculomotor Nerve

The oculomotor nerve emerges on the anterior surface of
the midbrain (Fig. 11-88). It passes forward between the pos-
terior cerebral and superior cerebellar arteries. It then con-
tinues into the middle cranial fossa in the lateral wall of the
cavernous sinus. Here, it divides into a superior and an in-
ferior ramus, which enter the orbital cavity through the su-
perior orbital fissure. The superior and inferior rami of the
oculomotor nerve supply the following extrinsic muscles of
the eye: the levator palpebrae superioris, superior rectus,
medial rectus, inferior rectus, and inferior oblique (Fig. 11-
88). The oculomotor nerve also supplies two groups of in-
trinsic muscles, namely, the constrictor pupillae of the iris
and the ciliary muscles. This nerve is therefore responsible
for lifting the upper eyelid; turning the eye upward, down-
ward, and medially; constricting the pupil; and allowing ac-
commodation of the eye.

Trochlear Nerve

The trochlear nerve, the most slender of the cranial nerves,
leaves the posterior surface of the midbrain and immedi-
ately decussates with the nerve of the opposite side (Fig. 11-
88). The trochlear nerve passes forward through the middle
cranial fossa in the lateral wall of the cavernous sinus.
Having entered the orbital cavity through the superior or-
bital fissure, it supplies the superior oblique muscle of the
eyeball. This nerve therefore assists in turning the eye down-
ward and laterally.
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Figure 11-87 A. Distribution of the olfactory nerves on the nasal septum and the lateral wall of the
nose. B. The optic nerve and its connections.
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Trigeminal Nerve

The trigeminal nerve, the largest of the cranial nerves, leaves
the anterior aspect of the pons as a small motor root and a
large sensory root. The nerve passes forward from the pos-
terior cranial fossa to reach the apex of the petrous part of
the temporal bone in the middle cranial fossa. Here, the
large sensory root expands to form the trigeminal gan-
glion (Fig. 11-89). The motor root of the trigeminal nerve is
situated below the sensory ganglion and is completely sep-
arate from it. The ophthalmic (V1), maxillary (V2), and
mandibular (V3) nerves arise from the anterior border of the
ganglion (Fig. 11-89).
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The ophthalmic nerve is purely sensory (Fig. 11-89). It
runs forward in the lateral wall of the cavernous sinus in the
middle cranial fossa and divides into three branches, the
lacrimal, frontal, and nasociliary nerves, which enter
the orbital cavity through the superior orbital fissure. The
nerves are distributed to the cornea of the eye, the skin of
the forehead and scalp, the eyelids, the mucous membrane
of the paranasal sinuses, and the nasal cavity; it also supplies
the skin of the nose down as far as the tip.

The maxillary nerve is purely sensory (Fig. 11-89). It
leaves the skull through the foramen rotundum and is even-
tually distributed to the skin of the face overlying the max-
illa, the teeth of the upper jaw, the mucous membrane of the
nose, the maxillary air sinus, and the palate,

The mandibular nerve is motor and sensory (Fig. 11-
89). The sensory root leaves the trigeminal ganglion and
passes out of the skull through the foramen ovale. The mo-
tor root of the trigeminal nerve also leaves the skull through
the same foramen and joins the sensory root to form the
trunk of the mandibular nerve. The sensory fibers of the
mandibular nerve supply the skin of the cheek, the skin over
the mandible, and the lower lip and the side of the head.
They also supply the temporomandibular joint and the teeth
of the lower jaw, the mucous membrane of the cheek, the
floor of the mouth, and the anterior part of the tongue.

The motor fibers of the mandibular nerve supply the mus-
cles of mastication; the mylohyoid muscle, which forms the
floor of the mouth; the anterior belly of the digastric muscle;
the tensor veli palatini of the soft palate; and the tensor tym-
pani of the middle ear.

The trigeminal nerve is thus the main sensory nerve of the
head and innervates the muscles of mastication. It also
tenses the soft palate and the tympanic membrane.

Abducent Nerve

This small nerve emerges from the anterior surface of the
hindbrain between the pons and the medulla oblongata
(Fig. 11-89). It passes forward with the internal carotid artery
through the cavernous sinus in the middle cranial fossa and
enters the orbit through the superior orbital fissure (Fig. 11-
89). The abducent nerve supplies the lateral rectus muscle
and is therefore responsible for turning the eye laterally.

Facial Nerve

The facial nerve emerges as two roots from the anterior sur-
face of the hindbrain between the pons and the medulla ob-
longata. The roots pass laterally in the posterior cranial fossa
with the vestibulocochlear nerve and enter the internal
acoustic meatus in the petrous part of the temporal bone. At
the bottom of the meatus the nerve enters the facial canal
that runs laterally through the inner ear. The facial nerve
then becomes related to the middle ear and the aditus to the
tympanic antrum and emerges from the canal through the
stylomastoid foramen. The nerve now passes forward
through the parotid gland to its distribution (Fig. 11-90).

The facial nerve supplies the muscles of the face, cheek,
and scalp; the stylohyoid; the posterior belly of the digastric
muscles of the neck: and the stapedius muscle of the middle
ear. The sensory root carries taste fibers from the anterior
two-thirds of the tongue, the floor of the mouth, and the
palate. The parasympathetic secretomotor fibers supply the
submandibular and sublingual salivary glands, the lacrimal
gland, and the glands of the nose and palate.
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Figure 11-89  A. Distribution of the trigeminal nerve. B. Origin and distribution of the abducent
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The vestibular fibers originate from the vestibule and the
semicircular canals and the cochlear fibers originate from
the cochlea of the internal ear (Fig. 11-91). The vestibular
part of the nerve is concerned with the sense of position and
movement of the head, and the cochlear part is concerned
with hearing.

Glossopharyngeal Nerve

The glossopharyngeal nerve is a motor and sensory nerve. It
emerges from the anterior surface of the medulla oblongata
between the olive and the inferior cerebellar peduncle. It
passes laterally in the posterior cranial fossa and leaves the
skull by passing through the jugular foramen. The glos-
sopharyngeal nerve then descends through the upper part
of the neck to the back of the tongue (Fig. 11-91). The motor
fibers supply the stylopharyngeus muscle; the parasympa-
thetic secretomotor fibers supply the parotid salivary gland.
The sensory fibers, which are concerned with general sen-
sation and taste, pass to the posterior third of the tongue and
the pharynx; they also innervate the carotid sinus and
carotid body.

The glossopharyngeal nerve thus assists swallowing and
promotes salivation. It also conducts sensation from the
pharynx and the back of the tongue and carries impulses,
which influence the arterial blood pressure and respiration,
from the carotid sinus and carotid body.

Vagus Nerve

The vagus nerve is composed of motor and sensory fibers. It
emerges from the anterior surface of the medulla oblongata
between the olive and the inferior cerebellar peduncle. The
nerve passes laterally through the posterior cranial fossa and
leaves the skull through the jugular foramen. The vagus
nerve then descends through the neck alongside the carotid
arteries and internal jugular vein within the carotid sheath.
It passes through the mediastinum of the thorax (Fig. 11-92),
pierces the diaphragm with the esophagus, and terminates
within the abdomen.

The vagus nerve innervates the heart and great vessels
within the thorax; the larynx, trachea, bronchi, and lungs;
and much of the alimentary tract from the pharynx to the
splenic flexure of the colon. It also supplies glands associ-
ated with the alimentary tract, such as the liver and pan-
creas.

The vagus nerve has the most extensive distribution of all
the cranial nerves and supplies the aforementioned struc-
tures with afferent and efferent fibers,

Accessory Nerve

The accessory nerve is a motor nerve. It consists of a cranial
root (part) and a spinal root (part).

The cranial root emerges from the anterior surface of the
medulla oblongata between the olive and the inferior cere-
bellar peduncle (Fig. 11-93). The nerve runs laterally in the
posterior cranial fossa and joins the spinal root.

The spinal root arises from nerve cells in the anterior gray
column (horn) of the upper five segments of the cervical
part of the spinal cord. The nerve ascends alongside the
spinal cord (Fig. 11-93) and enters the skull through the fora-
men magnum. It then turns laterally to join the cranial root.
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Figure 11-91 A. Origin and distribution of the vestibulocochlear nerve. B. Distribution of the glos-
sopharyngeal nerve.
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The two roots unite and leave the skull through the jugu-
lar foramen. The roots then separate: the cranial root joins
the vagus nerves and is distributed in its branches to the

muscles of the soft palate and pharynx (via the pharyngeal
plexus) and to the muscles of the larynx (except the
cricothyroid muscle) and the spinal root supplies the stern-
ocleidomastoid and trapezius muscles.

The accessory nerve thus brings about movements of the
soft palate, pharynx, and larynx and controls the move-
ments of the sternocleidomastoid and trapezius muscles,
two large muscles in the neck.
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Figure 11-93 A. Origin and distribution of the accessory nerve. B. Distribution of the hypoglossal

nerve,

Hypoglossal Nerve

The hypoglossal nerve is a motor nerve. It emerges on the
anterior surface of the medulla oblongata between the pyra-
mid and the olive, crosses the posterior cranial fossa, and
leaves the skull through the hypoglossal canal. The nerve
then passes downward and forward in the neck to reach the
tongue (Fig. 11-93). The hypoglossal nerve innervates the
muscles of the tongue (except the palatoglossus) and thus
controls the shape and movements of the tongue.
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SURFACE ANATOMY

Surface Landmarks of the Head

NASION

This is the depression in the midline at the root of the nose
(Fig. 11:94).

EXTERNAL OCCIPITAL PROTUBERANCE

This is a bony prominence in the middle of the squamous
part of the occipital bone (Fig. 11-94). It lies in the midline
at the junction of the head and neck and gives attachment
to the ligamentum nuchae, which is a large ligament that
runs down the back of the neck, connecting the skull to the
spinous processes of the cervical vertebrae. A line joining
the nasion to the external occipital protuberance over the
superior aspect of the head would indicate the position of
the underlying falx cerebri, the superior sagittal sinus,
and the longitudinal cerebral fissure, which separates
the right and left cerebral hemispheres.

VERTEX

This is the highest point on the skull in the sagittal plane
(Fig. 11-94).

ANTERIOR FONTANELLE

In the baby, the anterior fontanelle lies between the two
halves of the frontal bone in front and the two parietal bones
behind (Fig. 11-94). It is usually not palpable after 18
months.

POSTERIOR FONTANELLE

In the baby, the posterior fontanelle lies between the squa-
mous part of the occipital bone and the posterior borders of
the two parietal bones (Fig. 11-94). It is usually closed by the
end of the first year.

SUPERCILIARY RIDGES

These are two prominent ridges on the frontal bones above
the upper margin of the orbit (Fig. 11-94). Deep to these
ridges on either side of the midline lie the frontal air si-
nuses.

SUPERIOR NUCHAL LINE

This is a curved ridge that runs laterally from the external oc-
cipital protuberance to the mastoid process of the temporal
bone. It gives attachment to the trapezius and sternocleido-
mastoid muscles.

MASTOID PROCESS OF THE TEMPORAL BONE

The mastoid process projects downward and forward from
behind the ear (Figs. 11-94 and 11-97). It is undeveloped in
the newborn child and grows only as the result of the pull of
the sternocleidomastoid, as the child moves his or her head.
It can be recognized as a bony projection at the end of the
second year.
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Figure 11-94  A. Right side of the head showing relations of the middle meningeal artery and the

brain to the surface of the skull. B. Superior aspect and right side of the neonatal skull. Note the
positions of the anterior and posterior fontanelles.
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AURICLE AND EXTERNAL AUDITORY MEATUS

These structures lie in front of the mastoid process (Fig. 11-
52). The external auditory meatus is about 1 inch (2.5 cm)
long and forms an S-shaped curve. To examine the outer sur-
face of the tympanic membrane in the adult with an oto-
scope, the tube may be straightened by pulling the auricle
upward and backward. In small children, the auricle is
pulled straight back or downward and backward.
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TYMPANIC MEMBRANE

The tympanic membrane is normally pearl» gray and is con-
cave toward the meatus (Fig. 11-52). The most depressed
part of the concavity is called the umbo and is caused by
the attachment of the handle of the malleus on its medial
surface.

ZYGOMATIC ARCH

The zygomatic arch extends forward in front of the ear and
ends in front in the zygomatic bone (Fig. 11-94). Above the
zygomatic arch is the temporal fossa, which is filled with
the temporalis muscle. Attached to the lower margin of
the zygomatic arch is the masseter muscle. Contraction of
both the temporalis and masseter muscles (Fig. 11-21) can
be felt by clenching the teeth.

SUPERFICIAL TEMPORAL ARTERY

The pulsations of the superficial temporal artery can be felt
as it crosses the zygomatic arch, immediately in front of the
auricle (Fig. 11-94).

PTERION

This is the point where the greater wing of the sphenoid
meets the anteroinferior angle of the parietal bone. Lying 1
1/2 inches (4 cm) above the midpoint of the zygomatic arch
(Fig. 1194), it is not marked by an eminence or a depres-
sion, but it is important because beneath it lies the anterior
branch of the middle meningeal artery.

Above and behind the external auditory meatus, deep to
the auricle, can be felt a small depression. the suprameatal
triangle (Fig. 11-94). This is bounded behind by a line
drawn vertically upward from the posterior margin of the ex-
ternal auditory meatus. above by the suprameatal crest of
the temporal bone. and below by the external auditory mea-
tus. The bony floor of the triangle forms the lateral wall of
the mastoid antrum.

TEMPOROMANDIBULAR JOINT

This joint can be easily palpated in front of the auricle (Fig.
11:94). Note that as the mouth is opened, the head of the
mandible rotates and moves forward below the tubercle of
the zygomatic arch.

ANTERIOR BORDER OF THE RAMUS OF THE
MANDIBLE

This can be felt deep to the masseter muscle. The coronoid
process of the mandible can be felt with the finger inside
the mouth, and the pterygomandibular ligament can be
palpated as a tense band on its medial side (Fig. 11-24).

POSTERIOR BORDER OF THE RAMUS OF THE
MANDIBLE

This is overlapped above by the parotid gland (Fig. 11-21),
but below it is easily felt through the skin. The outer sur-
face of the ramus of the mandible is covered by the mas-
seter muscle and can be felt on deep palpation when this
muscle is relaxed.
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BODY OF THE MANDIBLE

This is best examined by having one finger inside the mouth
and another on the outside. Thus, it is possible to examine
the mandible from the symphysis menti, in the midline an-
teriorly, as far backward as the angle of the mandible (Fig.
11-94).

FACIAL ARTERY

The pulsations of the facial artery can be felt as it crosses the
lower margin of the body of the mandible, at the anterior
border of the masseter muscle (Fig. 11-98).

ANTERIOR BORDER OF THE MASSETER
This can be easily felt by clenching the teeth.

PAROTID DUCT

The parotid duct runs forward from the parotid gland 1 fin-
gersbreadth below the zygomatic arch (Fig. 11-98). It can be
rolled beneath the examining finger at the anterior border of
the masseter as it turns medially and opens into the mouth
opposite the upper second molar tooth (Fig. 11-54).

ORBITAL MARGIN

The orbital margin is formed by the frontal, zygomatic, and
maxillary bones (Fig. 11-44).

SUPRAORBITAL NOTCH

If present, this can be felt at the junction of the medial and
intermediate thirds of the upper margin of the orbit. It trans-
mits the supraorbital nerve, which can be rolled against
the bone (Fig. 11-44).

INFRAORBITAL FORAMEN

This lies 5 mm below the lower margin of the orbit (Fig. 11-
29), on a line drawn downward from the supraorbital notch
to the interval between the two lower premolar teeth.

INFRAORBITAL NERVE

The infraorbital nerve emerges from the foramen and sup-
plies the skin of the face.

MAXILLARY AIR SINUS

This is situated within the maxillary bone and lies below the
infraorbital foramen on each side (Fig. 11-63).

FRONTAL AIR SINUS

This is situated within the frontal bone and lies deep to the
superciliary ridge on each side (Fig. 11-63).

Surface Landmarks of the Neck

ANTERIOR ASPECT

In the midline anteriorly, the following structures can be
palpated from above downward.
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Figure 11-95 Anterior view of the head and neck of a 29-year-old woman. Note that the atlanto-oc-
cipital joints and the cervical part of the vertebral column are partially extended for full exposure

of the front of the neck.
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Symphysis Menti

The lower margin of the symphysis menti can be felt where
the two halves of the body of the mandible unite in the mid-
line (Figs. 11-95 and 11-96).

Submental Triangle

The submental triafigle lies between the symphysis menti
and the body of the hyoid bone (Fig. 11-5). It is bounded an-
teriorly by the midline of the neck, laterally by the anterior
belly of the digastric muscle, and inferiorly by the body
of the hyoid bone. The floor is formed by the mylohyoid
muscle. The submental lymph nodes are located in this
triangle.

Body of the Hyoid Bone

This lies opposite the third cervical vertebra (Figs. 1140, 11-
95, and 11-96).

Thyrohyoid Membrane

The thyrohyoid membrane fills in the interval between the
hyoid bone and the thyroid cartilage (Fig. 11-96).

Upper Border of the Thyroid Cartilage

This notched structure lies opposite the fourth cervical ver-
tebra (Figs. 1140 and 11-95).

Cricothyroid Ligament

This structure fills in the interval between the cricoid carti-
lage and the thyroid cartilage (Fig. 11-96).
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Cricoid Cartilage

An important landmark in the neck (Fig. 11-95), this lies at
the level of the sixth cervical vertebra; at the junction of the
larynx with the trachea; at the level of the junction of the
pharynx with the esophagus; at the level of the middle cer-
vical sympathetic ganglion; and at the level where the infe-
rior thyroid artery enters the thyroid gland (Fig. 11-40).

Cricotracheal Ligament

This structure fills in the interval between the cricoid carti-
lage and the first ring of the trachea (Fig. 11-64).

First Ring of the Trachea

This can be felt by gentle palpation just above the isthmus of
the thyroid gland.

Isthmus of the Thyroid Gland

This lies in front of the second, third, and fourth rings of the
trachea (Figs. 11-95 and 11-96).

Inferior Thyroid Veins

The inferior thyroid veins lie in front of the fifth, sixth, and
seventh rings of the trachea (Fig. 11-12).

Thyroidea Ima Artery

When present, this artery ascends in front of the trachea to
the isthmus of the thyroid gland, from the brachiocephalic
artery (Fig. 11-12).

Jugular Arch

This vein connects the two anterior jugular veins just above
the suprasternal notch (Fig. 11-40).

Suprasternal Notch

This can be felt between the anterior ends of the clavicles
(Fig. 11-95). It is the superior border of the manubrium sterni
and lies opposite the lower border of the body of the second
thoracic vertebra.

In the adult the trachea may measure as much as 1 inch
(2.5 ¢cm) in diameter, whereas in a baby it may be narrower
than a pencil. In young children the thymus gland may ex-
tend above the suprasternal notch as far as the isthmus of
the thyroid gland, and the brachiocephalic artery and the
left brachiocephalic vein may protrude above the supraster-
nal notch.

POSTERIOR ASPECT

In the midline posteriorly, the following structures can
be palpated from above downward.

External Occipital Protuberance

The external occipital protuberance lies in the midline at
the junction of the head and neck (Fig. 11-98). If the index
finger is placed on the skin in the midline, it can be drawn
downward in the nuchal groove. The first spinous process
to be felt is that of the seventh cervical vertebra (verte-
bra prominens). Cervical spines 1-6 are covered by the lig-
amentum nuchae.
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Figure 11-96 Surface anatomy of the neck from in front.
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Irapezius Muscle

he anterior border of the trapezius muscle (Fig. 11-95) can
be felt by asking the patient to shrug the shoulders. It will be
seen to extend from the superior nuchal line of the occipital
bone, downward and forward to the posterior border of the
lateral third of the clavicle.

Platysma Muscle

lhe platysma can be seen as a sheet of muscle by asking the
patient to clench the jaws firmly. The muscle extends from
the body of the mandible downward over the
the anterior thoracic wall (Fig. 11-20).

vicle onto

Root of the Neck

Here are the suprasternal notch in the midline anteriorly
(see p.222) and the clavicles. Each clavicle is subcuta-
neous throughout its entire length and can be easily pal-
pated (Figs. 114 and 11-98). It articulates at its lateral ex-
tremity with the acromion of the scapula. At the medial end
of the clavicle, the sternoclavicular joint can be identi-
fied.

Anterior Triangle of the Neck

The isthmus of the thyroid gland lies in front of the sec-
ond, third, and fourth rings of the trachea (Figs. 11-95 and
11-96). The lateral lobes of the thyroid gland can be pal-
pated deep to the sternocleidomastoid muscles. This is most
easily carried out by standing behind the seated patient and
asking the patient to flex the neck forward and so relax the
overlying muscles. The observer can then examine both
lobes simultaneously with the tips of the fingers of both
hands.
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Carotid Sheath

The carotid sheath, which contains the carotid arteries,
the internal jugular vein, the vagus nerve, and the deep
cervical lymph nodes, can be marked out by a line joining
the sternoclavicular joint to a point midway between the tip
of the mastoid process and the angle of the mandible. At the
level of the upper border of the thyroid cartilage, the com-
mon carotid artery bifurcates into the internal and ex-
ternal carotid arteries (Fig. 11-98). The pulsations of these
arteries can be felt at this level.

Posterior Triangle of the Neck

Here the spinal part of the accessory nerve is relatively
superficial as it emerges from the posterior border of the
sternocleidomastoid and runs downward and backward to
pass beneath the anterior border of the trapezius (Fig. 11-
98). The course of this nerve may be indicated as follows:
Draw a line from the angle of the mandible to the tip of the
mastoid process. Bisect this line at right angles and extend
the second line downward across the posterior triangle; the
second line indicates the course of the nerve.
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Roots and Trunks of the Brachial Plexus

These occupy the lower anterior angle of the posterior tri-
angle (Figs. 11-97 and 11-98). The upper limit of the plexus
can be indicated by a line drawn from the cricoid cartilage
downward to the middle of the clavicle.

Third Part of the Subclavian Artery

This structure also occupies the lower anterior angle of the
posterior triangle (Figs. 11-97 and 11-98). Its course may be
indicated by a curved line, which passes upward from the
sternoclavicular joint for about 1/2 inch (1.3 cm) and then
downward to the middle of the clavicle. It is here, where the
artery lies on the upper surface of the first rib, that its pulsa-
tions can be felt easily. The subclavian vein lies behind the
clavicle and does not enter the neck.

External Jugular Vein

The external jugular vein lies in the superficial fascia deep
to the platysma. It passes downward from the region of the
angle of the mandible to the middle of the clavicle (Figs. 11-
97 and 11-98). It perforates the deep fascia just above the
clavicle and drains into the subclavian vein.

Salivary Glands

The three large salivary glands can b& palpated. The
parotid gland lies below the ear in the interval between the
mandible and the anterior border of the sternocleidomas-
toid muscle (Fig. 11-21). The surface marking of the parotid
duct is given on page219.

The submandibular gland can be divided into superfi-
cial and deep parts. The superficial part lies beneath the
lower margin of the body of the mandible (Fig. 11-28). The
deep part of the submandibular gland, the submandibular
duct, and the sublingual gland can be palpated through
the mucous membrane covering the floor of the mouth in
the interval between.the tongue and the lower jaw. The sub-
mandibular duct opens into the mouth on the side of the
frenulum of the tongue (Fig. 11-57).
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EXTERNAL JUGULAR VEIN

Visibility of the External Jugular Vein

This vein is less obvious in children and women because
their subcutaneous tissue tends to be thicker than the tissue
of men. In obese individuals, the vein may be difficult to
identify even when they are asked to hold their breath,
which impedes the venous return to the right side of the
heart and distends the vein.

The superficial veins of the neck tend to be enlarged and
often tortuous in professional singers because of prolonged
periods of raised intrathoracic pressure.

Venous Manometer

The external jugular vein serves as a useful venous
manometer. Normally, when the patient is lying at a hori-
zontal angle of 30°, the level of the blood in the external
jugular veins reaches about one-third of the way up the
neck. As the patient sits up, the blood level falls until it is no
longer visible behind the clavicle.

External Jugular Vein Catheterization

The external jugular vein can be used for catheterization,
but the presence of valves or tortuosity may make the pas-
sage of the catheter difficult. Because the right external jugu-
lar vein is in the most direct line with the superior vena cava,
it is the one most commonly used (Fig. 11-99).

The vein is catheterized about halfway between the level
of the cricoid cartilage and the clavicle. The passage of the
catheter should be performed during inspiration when the
valves are open.

DeeP FASCIA OF THE NECK

The deep fascia in certain areas forms distinct sheets
called the (1) investing, (2) pretracheal, and (3) preverte-
bral layers. These are described on page 17 . These fascial
layers are easily recognizable to the surgeon at operation.

Fascial Spaces

Between the more dense layers of deep fascia in the neck
is loose connective tissue that forms potential spaces that
are clinically important. Among the more important spaces
are the visceral, retropharyngeal, submandibular, and mas-
ticatory spaces (Fig. 11-100).

The deep fascia and the fascial spaces are important be-
cause organisms originating in the mouth, teeth, pharynx,
and esophagus can spread among the fascial planes and
spaces, and the tough fascia can determine the direction of
spread of infection and the path taken by pus. It is possible
for blood, pus, or air in the retropharyngeal space to spread
downward into the superior mediastinum.
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Figure 11-99 Catheterization of the right external jugular vein. A. Surface marking of the vein. B.
Site of catheterization. Note how the external jugular vein joins the subclavian vein at a right an-
gle. C. Cross section of the neck showing the relationships of the external jugular vein as it crosses
the posterior triangle of the neck.
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Acute Infections of the Fascial Spaces of
the Neck

DENTAL INFECTIONS

These most commonly involve the lower molar teeth.
The infection spreads medially from the mandible into the
submandibular and masticatory spaces and pushes the
tongue forward and upward. Further spread downward may
involve the visceral space and lead to edema of the vocal
cords and airway obstruction.

LubwiG's ANGINA

This condition is an acute infection of the submandibu-
lar fascial space and is commonly secondary to dental in-
fection.

Chronic Infection of the Fascial Spaces of
the Neck

Tuberculous infection of the deep cervical lymph
nodes can result in liquefaction and destruction of one or
more of the nodes. The pus is at first limited by the investing
layer of the deep fascia. Later, this becomes eroded at one
point, and the pus passes into the less restricted superficial
fascia. A dumbbell or collarstud abscess is now present.
The clinician is aware of the superficial abscess but must not
forget the existence of the deeply placed abscess.

Tuberculous Osteomyelitis

Pus arising from tuberculosis of the upper cervical verte-
brae is limited in front by the prevertebral layer of deep fas-
cia. A midline swelling is formed and bulges forward in the
posterior wall of the pharynx. The pus then tracks laterally
and downward behind the carotid sheath to reach the pos-
terior triangle. Here, the fascia, which forms a covering to
the muscular floor of the triangle, is weaker, and the abscess
points behind the sternocleidomastoid. Rarely, the abscess
may track downward behind the prevertebral fascia to
reach the superior and posterior mediastina in the thorax.

It is important to distinguish this condition from an ab-
scess involving the retropharyngeal lymph nodes. These
nodes lie in front of the prevertebral layer of fascia but be-
hind the fascia, which covers the outer surface of the con-
strictor muscles. Such an abscess usually points on the pos-
terior pharyngeal wall and, if untreated, ruptures into the
pharyngeal cavity.

STERNOCLEIDOMASTOID MUSCLE

Protection

This strong, thick muscle crossing the side of the neck
protects the underlying soft structures from blunt trauma.
Suicide attempts by cutting one’s throat often fail because
the individual first extends the neck before making several
horizontal cuts with a knife. Extension of the cervical part of
the vertebral column and extension of the head at the at-
lanto-occipital joint cause the carotid sheath with its con-
tained large blood vessels to slide posteriorly beneath the
sternocleidomastoid muscle. To achieve the desired result
with the head and neck fully extended, some individuals
have to make several attempts and only succeed when the
larynx and the greater part of the sternocleidomastoid mus-
cles have been severed. The common sites for the wounds
are immediately above and below the hyoid bone.
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Figure 11-100 A. Cross section of the neck showing the visceral space. B. Sagittal section of the
neck showing the positions of the retropharyngeal and submandibular spaces. C. Vertical section
of the body of the mandible close to the angle showing the masticatory space.
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Congenital Torticollis

Most cases of congenital torticollis are a result of exces-
sive stretching of the sternocleidomastoid muscle during a
difficult labor. Hemorrhage occurs into the muscle and may
be detected as a small, rounded “tumor” during the early
weeks after birth. Later, this becomes invaded by fibrous tis-
sue, which contracts and shortens the muscle. The mastoid
process is thus pulled down toward the sternoclavicular
joint of the same side; the cervical spine is flexed; and the
face looks upward to the opposite side. If left untreated,
asymmetrical growth changes will occur in the face, and the
cervical vertebrae may become wedge shaped.
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Spasmaodic Torticollis

This.condition, which results from repeated chronic con-
tractions of the sternocleidomastoid and trapezius muscles,
is usually psychogenic in origin. Section of the spinal part of
the accessory nerve may be necessary in severe cases,

POSTERIOR TRIANGLE OF THE NECK

Injury to the Spinal Part of the Accessory
Nerve

The spinal part of the accessory nerve emerges from be-
hind the middle of the posterior border of the sternocleido-
mastoid muscle. It crosses the posterior triangle on the leva-
tor scapulae muscle in a relatively superficial position. It
leaves the triangle by passing deep to the anterior border of
the trapezius muscle, which it supplies.

This nerve can be injured at operation or from penetrat-
ing wounds. The trapezius muscle is paralyzed, the muscle
will show wasting, and the shoulder will drop. The patient
will experience difficulty in elevating the arm above the
head, having abducted it to a right angle by using the del-
toid muscle.

Clinical examination of this nerve involves asking the pa-
tient to rotate the head to one side against resistance, caus-
ing the sternocleidomastoid of the opposite side to come
into action. Then the patient is asked to shrug the shoulders,
causing the trapezius muscles to come into action.

Injury to the Brachial Plexus

The roots and trunks of the brachial plexus occupy the
antero-inferior angle of the posterior triangle of the neck.
Incomplete lesions can result from stab or bullet wounds,
traction, or pressure injuries. The clinical findings in the Erb-
Duchenne and the Klumpke's lesions are fully described on
chap 9.

Brachial Plexus Nerve Block

It will be remembered that the axillary sheath, formed
from the prevertebral layer of deep cervical fascia, encloses
the brachial plexus and the axillary artery. A brachial plexus
nerve block can easily be obtained by closing the distal part
of the sheath in the axilla with finger pressure, inserting a sy-
ringe needle into the proximal part of the sheath, and then in-
jecting a local anesthetic. The anesthetic solution is mas-
saged along the sheath, producing a nerve block. The
syringe needle may be inserted into the axillary sheath in the
lower part of the posterior triangle of the neck or in the axilla.

Compression of th\Brachial Plexus and
the Subclavian Artery

At the root of the neck, the brachial plexus and the sub-
clavian artery enter the posterior triangle through a narrow
muscular-bony triangle. The boundaries of the narrow trian-
gle are formed in front by the scalenus anterior, behind by
the scalenus medius, and below by the first rib. In the pres-
ence of a cervical rib (see ch2 ), the first thoracic nerve
and the subclavian artery are raised and angulated as they
pass over the rib. Partial or complete occlusion of the artery
causes ischemic muscle pain in the arm, which is worsened
by exercise. Rarely, pressure on the first thoracic nerve
causes symptoms of pain in the forearm and hand and wast-
ing of the small muscles of the hand.
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Palpation and Compression of the
Subclavian Artery in Patients With Upper
Limb Hemorrhage

In severe traumatic accidents to the upper limb involving
laceration of the brachial or axillary arteries, it is important
to remember that the hemorrhage can be stopped by exert-

“ing strong pressure downward and backward on the third
part of the subclavian artery. The use of a blunt object to ex-
ert the pressure is of great help, and the artery is compressed
against the upper surface of the first rib.

Pleura and Lung Injuries in the Root of
the Neck

The cervical dome of the pleura and the apex of the
lung extend up into the root of the neck on each side.
Covered by the suprapleural membrane, they lie behind the
subclavian artery. A penetrating wound above the medial
end of the clavicle may involve the apex of the lung.

ANTERIOR TRIANGLE OF THE NECK

The Platysma and Surgical Incisions

The platysma lies in the superficial fascia that roofs over
the anterior triangle. Functionally, it is an unimportant mus-
cle. However, the surgeon must take great care to suture the
cut edges of this muscle when sewing up incisions because
failure to do so will result in stretching of the skin scar.

Injury to the Nerve Supply to the Platysma

The nerve supply to the platysma, the cervical branch of
the facial nerve, emerges from the lower end of the parotid
gland and travels to the platysma muscle; it then sometimes
crosses the lower border of the mandible to supply the de-
pressor anguli oris. In operations on the face or upper part
of the neck, accidental section of this nerve can result in dis-
tortion of the shape of the mouth.

Taking the Carotid Pulse

The bifurcation of the common carotid artery into the in-
ternal and external carotid arteries can be easily palpated
just beneath the anterior border of the sternocleidomastoid
muscle at the level of the superior border of the thyroid car-
tilage. This is a convenient site to take the carotid pulse.

Carotid Sinus Hypersensitivity

In cases of carotid sinus hypersensitivity, pressure on one
or both carotid sinuses can cause excessive slowing of the
heart rate, a fall in blood pressure, and cerebral ischemia
with fainting.

Arteriosclerosis of the Internal Carotid
Artery

Extensive arteriosclerosis of the internal carotid artery in
the neck can cause visual impairment or blindness in the
eye on the side of the lesion because of insufficient blood
flow through the retinal artery. Motor paralysis and sensory
loss may-also occur on the opposite side of the body be-
cause of insufficient blood flow through the middle cerebral
artery.
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Internal Jugular Vein
PENETRATING WOUNDS

The hemorrhage of low-pressure venous blood into the
loose connective tissue beneath the investing layer of deep
cervical fascia may present as a large, slowly expanding
hematoma. Air embolism is a serious complication of a
lacerated wall of the internal jugular vein. Because the wall
of this large vein contains little smooth muscle, its injury is
not followed by contraction and retraction (as occurs with
arterial injuries). Moreover, the adventitia of the vein wall is
attached to the deep fascia of the carotid sheath, which hin-
ders the collapse of the vein. Blind clamping of the vein is
prohibited because the vagus and hypoglossal nerves are in
the vicinity.

INTERNAL JUGULAR VEIN CATHETERIZATION

The internal jugular vein is remarkably constant in posi-
tion. It descends through the neck from a point halfway be-
tween the tip of the mastoid process and the angle of the jaw
to the sternoclavicular joint. Above it is overlapped by the
anterior border of the sternocleidomastoid muscle, and be-
low it is covered laterally by this muscle. Just above the ster-
noclavicular joint the vein lies beneath a skin depression be-
tween the sternal and clavicular heads of the
sternocleidomastoid muscle. In the posterior approach,
the tip of the needle and the catheter are introduced into the
vein about 2 fingersbreadths above the clavicle at the pos-
terior border of the sternocleidomastoid muscle (Fig. 11-
101). In the anterior approach, with the patient's head
turned to the opposite side, the triangle formed by the ster-
nal and clavicular heads of the sternocleidomastoid muscle
and the medial end of the clavicle are identified. A shallow
skin depression usually overlies the triangle. The needle and
catheter are inserted into the vein at the apex of the triangle
in a caudal direction (Fig. 11-101).

MIDLINE STRUCTURES IN THE NECK

The midline structures in the neck should be readily rec-
ognized as one passes an examining finger down the neck
from the chin to the suprasternal notch. (For details, see p.
219) The physician commonly forgets that an enlarged sub-
mental lymph node may be caused by a pathologic condi-
tion anywhere between the tip of the tongue and the point
of the chin.

The trachea can be readily felt below the larynx. As it de-
scends, it becomes deeply placed and may lie as much as 1
1/2 inches (4 cm) from the surface at the suprasternal notch.
Remember that in the adult it may measure as much as 1
inch (2.5 cm) in diameter, but in a 3-year-old child it may
measure only 1/5 inch (0.5 cm) in diameter. The trachea is
a mobile elastic tube and is easily displaced by the enlarge-
ment of adjacent organs or the presence of tumors.
Remember also that lateral displacement of the cervical part
of the trachea may be caused by a pathologic lesion in the
thorax.

Compromised Airway

No medical emergency quite produces the urgency and
anxiety of the compromised airway. The physician has to in-
stitute almost immediate treatment. All techniques of airway
management require a detailed knowledge of anatomy.
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Figure 11-101 Catheterization of the right internal jugular vein. A. Posterior approach. Note the po-
sition of the catheter relative to the sternocleidomastoid muscle and the common carotid artery. B.
Anterior approach. Note that the catheter is inserted into the vein close to the apex of the triangle
formed by the sternal and clavicular heads of the sternocleidomastoid muscle and the clavicle.
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CRICOTHYROIDOTOMY 1pBydlg (alodl By padll puan ¢

In this procedure a tube is inserted in the interval be- 2yl ol aakel) 3 p);f B 1is 3
tween the cricoid cartilage and the thyroid cartilage. The S o) e . 3 P
trachea and larynx are steadied by extending the neck over et A Yy ) e Vol oy G B il
a sandbag. s el g 3 g gl

A vertical or transverse incision is made in the skin inthe 5, aall oy Joladl B b 3 o 0 }i (Bl el aclie
interval between the cartilages (Fig. 11-102). The incisionis . ., e il -a:lhil __5\ b il 102-11 e
made through the following structures: (1) the skin, (2) the Ll @) b (1) 1) S A f"t’”‘! A3 (10211 Joh)
superficial fascia (beware of the anterior jugular veins, & Oy a1 aets sy 0T L ol o) Amda
which lie close together on either side of the midline), (3) 2 3§ aisul © S b e et e g R e
the investing layer of deep cervical fascia, (4) the pretra- ) j—'w Al e (3)_ t( : U‘_ oxz j“f*”u s :
cheal fascia (separate the sternohyoid muscles and incise Onwadl Gpiliaall (o Aol OF oy (A8 sl DL (4 BRiea)
the fascia), and (5) the larynx. The larynx is incised through .= Q_m Gt b it iy sl (5 (U b S e
a horizontal incision through the cricothyroid ligament and RV T o g Ll
the tube inserted. e o ey Gl A B

by

Complications y

1. Esophageal perforation: Because the lower end of the ~ Jln % e il Of Lergg ) sl 1
pharynx and the beginning of the_e;ophagu§ lie directly 5 & s pis Laal ) prmg S il iy al il § s
behind the cricoid cartilage, it is imperative that the 1 1 e = o i
scalpel incision through the cricothyroid membrane be Vg comg ST G o (01 I sLsal) 3 b2
not carried too far posteriorly. This is particularly impor- s wadie § bl i 355 e laeall JUbY! e dslss ol
tant in young children in whom the cross diameter of the
larynx is so small. i ;

2. Hemorrhage: The small branches of the superior thy- T e Al 2

(i

roid artery that occasionally cross the front of the _J,.'y\t. Lo S el g 0l gl cLaad el w e
cricothyroid membrane to anastormnose with one another = 2 '

should be avoided. il jan @
TRACHEOSTOMY

_ 13l culall o W e G5 aaziyy A2 ) 3 s L ()l
Tracheostomy is rarely performed and is limited to pa- =~ e e Elle iy o)l o s R
tients with extensive laryngeal damage and infants with se- !5 S & o DSl onball s M ey Bsds Ay e
vere airway obstruction. Because of the presence of major f‘aﬂ‘ Lyl Bl ol 2y Lals A fley (ST 7 3 5 ey

vascular structures (carotid arteries and internal jugular . S e
vein), the thyroid gland, nerves (recurrent laryngeal branch ) a4 iy g Al maall) larly 13,00 58 (BL

of vagus and vagus nerve), the pleural cavities, and the LUl a3 oLa¥l ooy 1A Sy ot b gy (e )
esophagus, meticulous attention to anatomic detail has to i e i
be observed (Fig. 11-103). (103-11 JSwally 2 21
The procedure is as follows: I ol gl o BN RS ]y
. The thyroid and cricoid cartilages are identified and the % ¢Usy 5l Jaey oy A L;'.).d\ by pand yad g‘;i A ]
neck is extended to bring the trachea forward. ) LY i
2. A vertical midline skin incision is'made from the region sl 28 etie
of the cricothyroid membrane inferiorly toward the (P A L aahae e g Hodl (83 pop il G (5 2
suprasternal notch. _J,;_,yl 3 adl 3 add oy

. The incision is carried through the superficial fasciaand 72 digiiall L) i liaally dmband) BN o, ¢ AT ool 0 -
the fibers of the platysma muscle. The anterior jugular — ioda Jt a3l 3 iyl PO P PO R PN PSP
veli?iz';?ﬂ?ezsiﬁgrr):icial fascia are avoided by maintaining ) e e el e daldl olls

4. 'EIl'he investIiJng laye} of deep cervical fascia is incised. Ripasll 3.3 ) WLl 3 glal) 22l s 4

5. The pretracheal muscles embedded in the pretracheal AR T U= SR U rlA' Al 5o L5 da ey .5

fascia are split in the midline 2 fingersbreadths superior Q_y. pu i) 3 Aaldl L;;,,f ol b 4 Lo sll3y e )

to the sternal notch.
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el P F
. The tracheal rings are then palpable in the midline, orthe 3.3l Fir Rl S ol b (3 e ) Sl e SSs s 6
isthmus of the thyroid gland is visible. If a hook is placed S0t Oy el lal A U LTI ORI |
panld ot e 130, .23,
under the lower border of the cricoid cartilage and trac- ‘:J gnu. il p . i c? iy .,K%J. 5
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Figure 11-103 Cross section of the neck at the level of the second tracheal ring. A vertical incision
is made through the ring, and the tracheostomy tube is inserted.
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! Table 11-12  Important Airway Distance (Adult)*

(i) il Gl o kg ldlanad) o(12-11) Lyl

Airway Distances

Incisor teeth to the vocal cords 59in. (15 cm)
Incisor teeth to the carina 7.9in. (20 cm)
External nares to the carina 11.8in. (30 cm)

Ll bt 3l

(~15) 32, 5.9 15l JU g dnblil) DL e

(¢~20) e 7.9 (L)) pr g oy bl QLY e

*Average figures given +/— 1 to 2 cm.

8. The preferred site is through thesecond ring of the tra-
chea in the midline, with the thyroid isthmus retracted in-
feriorly. A vertical tracheal incision is made, and the tra-
cheostomy tube is inserted.

Complications Most complications result from not ad-
equately palpating and recognizing the thyroid, cricoid, and
tracheal cartilages and not confining the incision strictly to
the midline.

1. Hemorrhage: The anterior jugular veins located in the
superficial fascia close to the midline should be avoided.
If the isthmus of the thyroid gland is transected, secure
the anastomosing branches of the superior and inferior
thyroid arteries that cross the midline on the isthmus.

2. Nerve paralysis: The recurrent laryngeal nerves may be
damaged as they ascend the neck in the groove between
the trachea and the esophagus.

3. Pneumothorax: The cervical dome of the pleura may be
pierced. This is especially common in children because
of the high level of the pleura in the neck.

4. Esophageal injury: Damage to the esophagus, which is
located immediately posterior to the trachea, occurs
most commonly in infants; it follows penetration of the
small-diameter trachea by the point of the scalpel blade.

SOME IMPORTANT AIRWAY DISTANCES

Table 11-12 shows'some important distances between
the incisor teeth or nostrils to anatomic landmarks in the air-
way in the adult. These approximate figures are helpful in
determining the correct placement of an endotracheal tube.
(See p.258)

Thyroid Gland

MOVEMENT OF THE THYROID GLAND ON SWALLOWING

The thyroid gland is invested in a sheath derived from the
pretracheal fascia. This tethers the gland to the larynx and
the trachea and explains why the thyroid gland follows the
movements of the larynx in swallowing. This information is
important because any pathologic neck swelling that is part
of the thyroid gland will move upward when the patient is
asked to swallow.

THE THYROID GLAND AND THE AIRWAY

The close relationship between the trachea and the lobes
of the thyroid gland commonly results in pressure on the tra-
chea in patients with pathologic enlargement of the thyroid.

RETROSTERNAL GOITER

The attachment of the sternothyroid muscles to the thy-
roid cartilage effectively binds down the thyroid gland to the
larynx and limits upward expansion of the gland. There be-
ing no limitation to downward expansion, it is not uncom-
mon for a pathologically enlarged thyroid gland to extend
downward behind the sternum. A retrosternal goiter (any
abnormal enlargement of the thyroid gland) can compress
the trachea and cause dangerous dyspnea; it can also cause
severe venous compression.
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THYROID ARTERIES AND IMPORTANT NERVES

It should be remembered that the two main arteries sup-
plying the thyroid gland are closely related to important
nerves that can be damaged during thyroidectomy opera-
tions. The superior thyroid artery on each side is related
to the external laryngeal nerve, which supplies the cricothy-
roid muscle. The terminal branches of the inferior thyroid
artery on each side are related to the recurrent laryngeal
nerve. Damage to the external laryngeal nerve results in an
inability to tense the vocal folds and in hoarseness. For the
results of damage to the recurrent laryngeal nerve, see page
256.

THE PARATHYROID GLANDS AND THYROIDECTOMY

The parathyroid glands are usually four in number and
are closely related to the posterior surface of the thyroid
gland. In partial thyroidectomy, the posterior part of the thy-
roid gland is left undisturbed so that the parathyroid glands
are not damaged. The development of the inferior parathy-
roid glands is closely associated with the thymus. For this
reason it is not uncommon for the surgeon to find the infe-
rior parathyroid glands in the superior mediastinum be-
cause they have been pulled down into the thorax by the
thymus.

Cervical Lymph Nodes

As elsewhere in the body, a knowledge of the lymph
drainage of an organ or region is of great clinical impor-
tance. Examination of a patient may reveal an enlarged
lymph node. It is the physician’s responsibility to determine
the cause and be knowledgeable about the area of the body
that drains its lymph into a particular node. For example, an
enlarged submandibular node can be caused by a patho-
logic condition in the scalp, the face, the maxillary sinus, or
the tongue. An infected tooth of the upper or lower jaw may
be responsible. Often a physician has to search systemati-
cally the various areas known to drain into a node to dis-
cover the cause.

EXAMINATION OF THE DEEP CERVICAL LYMPH NODES

Lymph nodes in the neck should be examined from be-
hind the patient. The examination is made easier by asking
the patient to flex the neck slightly to reduce the tension of
the muscles. The groups of nodes should be examined in a
definite order to avoid omitting any.

After the identification of enlarged lymph nodes, possi-
ble sites of infection or neoplastic growth should be exam-
ined, including the face, scalp, tongue, mouth, tonsil, and
pharynx.

In the head and neck, all the lymph ultimately drains into
the deep cervical group of nodes. Secondary carcinoma-
tous deposits in these nodes are common. The primary
growth may be easy to find. On the other hand, at certain
anatomic sites the primary growth may be small and over-
looked, for example, in the larynx, the pharynx, the cervical
part of the esophagus, and the external auditory meatus.
The bronchi, breast, and stomach are sometimes the site of
the primary tumor. In these cases the secondary growth has
spread far beyond the local lymph nodes.
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When cervical metastases occur, the surgeon usually de-
cides to perform a block dissection of the cervical
nodes. This procedure involves the removal en bloc of the
internal jugular vein, the fascia, the lymph nodes, and the
submandibular salivary gland. The aim of the operation is
removal of all the lymph tissues on the affected side of the
neck. The carotid arteries and the vagus nerve are carefully
preserved. It is often necessary to sacrifice the hypoglossal
and vagus nerves, which may be involved in the cancerous
deposits. In patients with bilateral spread, a bilateral block
dissection may be necessary. An interval of 3 to 4 weeks is
necessary before removing the second internal jugular vein.

Phrenic Nerve

The phrenic nerve, which arises from the anterior rami of
the third, fourth, and fifth cervical nerves, is of considerable
clinical importance because it is the sole nerve supply to the
muscle of the diaphragm. (See p. 38.) Each phrenic nerve
supplies the corresponding half of the diaphragm.

INJURY

The phrenic nerve can be injured by penetrating wounds
in the neck. If that occurs, the paralyzed half of the di-
aphragm relaxes and is pushed up into the thorax by the
positive abdominal pressure. Consequently, the lower lobe
of the lung on that side may collapse.

About one-third of persons have an accessory phrenic
nerve. The root from the fifth cervical nerve may be incor-
porated in the nerve to the subclavius and may join the main
phrenic nerve trunk in the thorax.

Cervical Part of the Sympathetic Trunk

SYMPATHECTOMY FOR ARTERIAL INSUFFICIENCY OF THE

UpPER LIMB

The sympathetic innervation of the upper limb is as fol-
lows: The preganglionic fibers leave the spinal cord in the
second to the eighth thoracic nerves. On reaching the sym-
pathetic trunk via the white rami, they ascend within the
trunk and are relayed in the second thoracic, stellate, and
middle cervical ganglia. Postganglionic fibers then join the
roots of the brachial plexus as gray rami. Sympathectomy of
the upper limb is a relatively common procedure for the
treatment of arterial insufficiency. From this information it is
clear that the stellate and the second thoracic ganglia
should be removed to block the sympathetic pathway to the
arm completely,

Removal of the stellate ganglion also removes the sym-
pathetic nerve supply to the head and neck on that side.
This produces not only vasodilatation of the skin vessels but
also anhidrosis, nasal congestion, and Horner's syndrome.
For this reason the stellate ganglion is usually left intact in
sympathectomies of the upper limb.

Horner's Syndrome Horner's syndrome includes (1)
constriction of the pupil, (2) ptosis (drooping of the upper
eyelid), and (3) enophthalmos (depression of the eveball
into the orbital cavity). It is caused by an interruption of the
sympathetic nerve supply to the orbit. Pathologic causes in-
clude lesions of the brainstem or cervical part of the spinal
cord, traumatic injury to the cervical part of the sympathetic
trunk, traction on the stellate ganglion caused by a cervical
rib, or involvement of the ganglion in cancerous growth,
which may interrupt the peripheral part of the sympathetic
pathway to the orbit.
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LATE GANGLION BLOCK

is performed by first palpating the large anterior tu-
bercle (carotid tubercle) of the transverse process of the
th cervical vertebra, which lies about a fingersbreadth
lateral to the cricoid cartilage. The carotid sheath and the
sternocleidomastoid muscle are pushed laterally and the
needle of the anesthetic syringe is inserted through the skin
over the tubercle. The local anesthetic is then injected be-
neath the prevertebral layer of deep cervical fascia. This pro-
cedure effectively blocks the ganglion and its rami commu-
nicantes.

ScaLp

The structure of the scalp is described on page 49. It is
important to realize that the skin, the subcutaneous tissue,
and the epicranial aponeurosis are closely united to one an-
other and are separated from the periosteum by loose areo-
lar tissue.

The skin of the scalp possesses numerous sebaceous
glands, the ducts of which are prone to infection and dam-
age by combs. For this reason, sebaceous cysts of the scalp
are comimon.

Lacerations of the Scalp

The scalp has a profuse blood supply to nourish the
hair follicles. Even a small laceration of the scalp can cause
severe blood loss. It is often difficult to stop the bleeding of
a scalp wound because the arterial walls are attached to fi-
brous septa in the subcutaneous tissue and are unable to
contract or retract to allow blood clotting to take place.
Local pressure applied to the scalp is the only satisfactory
method of stopping the bleeding.

In automobile accidents it is common for large areas of
the scalp to be cut off the head as a person is projected for-
ward through the windshield. Because of the profuse blood
supply, it is often possible to replace large areas of scalp that
are only hanging to the skull by a narrow pedicle, Suture
them in place, and necrosis will not occur.

The tension of the epicranial aponeurosis, produced
by the tone of the occipitofrontalis muscles, is important in
all deep wounds of the scalp. If the aponeurosis has been di-
vided, the wound will gape open. For satisfactory healing to
take place, the opening in the aponeurosis must be closed
with sutures.

Often a wound caused by a blunt object such as a base-
ball bat closely resembles an incised wound. This is be-
cause the scalp is split against the unyielding skull, and the
pull of the occipitofrontalis muscles causes a gaping wound.
This anatomic fact may be of considerable forensic impor-
tance.

Scalp Infections

Infections of the scalp tend to remain localized and are
usually painful because of the abundant fibrous tissue in the
subcutaneous layer.

Occasionally an infection of the scalp spreads by the
emissary veins, which are valveless, to the skull bones, caus-
ing osteomyelitis. [nfected blood in the diploic veins may
travel by the emissary veins farther into the venous sinuses
and produce venous sinus thrombosis.
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Blood or pus may collect in the potential space beneath
the epicranial aponeuraosis. It tends to spread over the cal-
varia, being limited in front by the orbital margin, behind by
the nuchal lines, and laterally by the temporal lines. On the
other hand, subperiosteal blood or pus is limited to one
bone because of the attachment of the periosteum to the su-
tural ligaments.

Face

Sensory Innervation and Trigeminal
Neuralgia

The facial skin receives its sensory nerve supply from the
three divisions of the trigeminal nerve. Remember that a
small area of skin over the angle of the jaw is supplied by the
great auricular nerve (C2 and 3). Trigeminal neuralgia is a
relatively common condition in which the patient experi-
ences excruciating pain in the distribution of the mandibu-
lar or maxillary division, with the ophthalmic division usu-
ally escaping. A physician should be able to map out
accurately on a patient's face the distribution of each of the
divisions of the trigeminal nerve.

Facial Muscle Paralysis

The facial muscles are innervated by the facial nerve.
Damage to the facial nerve in the internal acoustic meatus
(by a tumor), in the middle ear (by infection or operation),
in the facial nerve canal (perineuritis, Bell’s palsy), or in
the parotid gland (by a tumor) or caused by lacerations of
the face will cause distortion of the face, with drooping of
the lower eyelid, and the angle of the mouth will sag on the
affected side. This is essentially a lower motor neuron le-
sion. An upper motor neuron lesion (involvement of the
pyramidal tracts) will leave the upper part of the face nor-
mal because the neurons supplying this part of the face re-
ceive corticobulbar fibers from both cerebral cortices.

Blood Supply of the Facial Skin

The bloed supply to the skin of the face is profuse so that
it is rare in plastic.surgery for skin flaps to necrose in this re-
gion. The superficial temporal artery, as it crosses the zygo-
matic arch in front of the ear, and the facial artery, as it
winds around the lower margin of the mandible level with
the anterior border of the masseter, are commonly used by
the anesthetist to take the patient’s pulse.

Facial Infections and Cavernous Sinus
Thrombosis

The area of facial skin bounded by the nose, the eye, and
the upper lip is a potentially dangerous zone to have an in-
fection. For example, a boil in this region can cause throm-
bosis of the facial vein, with spread of organisms through the
inferior ophthalmic veins to the cavernous sinus. The result-
ing cavernous sinus thrombosis may be fatal unless ade-
quately treated with antibiotics.

Cleft Lip

The congenital anomalies of cleft lip and cleft palate are
described in detail on pp. 54 and171.
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Parotid Duct Injury

The parotid duct, which is a comparatively superficial
structure on the face, may be damaged in injuries to the face
or may be inadvertently cut during surgical operations on
the face. The duct is about 2 inches (5 cm) long and passes
forward across the masseter about a fingersbreadth below
the zygomatic arch. It then pierces the buccinator muscle to
enter the mouth opposite the upper second molar tooth.

Parotid Salivary Gland and Lesions of the
Facial Nerve

The parotid salivary gland consists essentially of superfi-
cial and deep parts, and the important facial nerve lies in the
interval between these parts. A benign parotid neoplasm
rarely, if ever, causes facial palsy. A malignant tumor of the
parotid is usually highly invasive and quickly involves the fa-
cial nerve, causing unilateral facial paralysis.

Parotid Gland Infections

The parotid gland may become acutely inflamed as a re-
sult of retrograde bacterial infection from the mouth via the
parotid duct. The gland may also become infected via the
bloodstream, as in mumps. In both cases the gland is
swollen; it is painful because the fascial capsule derived
from the investing layer of deep cervical fascia is strong and
limits the swelling of the gland. The swollen glenoid pro-
cess, which extends medially behind the temporomandibu-
lar joint, is responsible for the pain experienced in acute
parotitis when eating.

Frey’s Syndrome

Frey's syndrome is an interesting complication that
sometimes develops after penetrating wounds of the parotid
gland. When the patient eats, beads of perspiration appear
on the skin covering the parotid. This condition is caused by
damage to the auriculotemporal and great auricular nerves,

During the process of healing, the parasympathetic secreto-
motor fibers in the auriculotemporal nerve grow out and
join the distal end of the great auricular nerve. Eventually,
these fibers reach the sweat glands in the facial skin. By this
means, a stimulus intended for saliva production produces
sweat secretion instead.

Temporomandibular Joint

The temporomandibular joint lies immediately in front of
the external auditory meatus. The great strength of the lat-
eral temporomandibular ligament prevents the head of the
mandible from passing backward and fracturing the tym-
panic plate when a severe blow falls on the chin.

The articular disc of the temporomandibular joint may
become partially detached from the capsule, and this results
in its movement becoming noisy and producing an audible
click during movements at the joint.
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DISLOCATION OF THE TEMPOROMANDIBULAR JOINT

This sometimes occurs when the mandible is depressed.
[n this movement the head of the mandible and the articu-
lar disc both move forward until they reach the summit of
the articular tubercle. In this position the joint is unstable,
and a minor blow on the chin, or a sudden contraction of
the lateral pterygoid muscles, as in yawning. may be suffi-
cient to pull the disc forward beyond the summit. In bilat-
eral cases the mouth is fixed in an open position, and both
heads of the mandible lie in front of the articular tubercles.
Reduction of the dislocation is easily achieved by pressing
the gloved thumbs downward on the lower molar teeth and
pushing the jaw backward. The downward pressure over-
comes the tension of the temporalis and masseter muscles,
and the backward pressure overcomes the spasm of the lat-
eral pterygoid muscles.

Mandibular Nevee Block

A mandibular nerve block is used to extract teeth from
the lower jaw. With the patient’s mouth open, the anterior
margin of the ramus of the mandible is palpated, and the
pterygomandibular ligament is felt. The syringe needle is in-
serted through the mucous membrane just lateral to the lig-
ament, and the inferior alveolar nerve is infiltrated with a lo-
cal anesthetic solution.

Injury to the Lingual Nesve

The lingual nerve passes forward into the submandibular
region from the infratemporal fossa by running beneath the
origin of the superior constrictor muscle, which is attached
to the posterior border of the mylohyoid line on the
mandible. Here, it is closely related to the last molar tooth
and is liable to be damaged in cases of clumsy extraction of
an impacted third molar. It should be remembered that the
lingual nerve supplies the mucous membrane covering the
anterior two-thirds of the tongue and the floor of the mouth
with general sensation. It also supplies taste through the
fibers derived from the chorda tympani.

{
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The submandibular salivary gland is a common site of
calculus formation. This condition is rare in the other sali-
vary glands. The presence of a tense swelling below the
body of the mandible, which is greatest before or during a
meal and is reduced in size or absent between meals, is di-
agnostic of the condition. Examination of the floor of the
mouth will reveal absence of ejection of saliva from the ori-
fice of the duct of the affected gland. Frequently, the stone
can be palpated in the duct, which lies below the mucous
membrane of the floor of the mouth.

Submandilaila {5

The submandibular lymph nodes are commonly en-
larged as a result of a pathologic condition of the scalp, face,

maxillary sinus, or mouth cavity. One of the most common

causes of painful enlargement of these.nodes is acute infec-
tion of the teeth.

Sablingual S/

The sublingual salivary gland, which lies beneath the
sublingual fold of the floor of the mouth, opens into the
mouth by numerous small ducts. Blockage of one of these
ducts is believed to be the cause of cysts under the tongue.

ol (Sall Leduall badlfals ¢
oda 3y o i i IS iy Lot Lot i
Md;,‘.\_,ynd_u\;_amfﬁugu_nwuwg 8 oy 364
bedkisy Laz gl odn (3 i 5 Lol esyy iladl) ipudtaas )
ot fl Al Sl e el S 3 e dii & o S
L U g halll o A ot Y BS7 0,55 el g
o damzy ‘,.m ORI ER I K EC ER B PR AT SRER R P
AR IR CT e W FRESIFV S P U R R L P
ol e eVl daes sl oy WS ek D55 g Ll
i daial) O}y (Gl oLl S s e L) oS il (o
il g baially drsllly adaall oMaddl 55 Je i Lo

| Aol uantf jhar| e
Mldf&abu"M&ﬂ-Jl ;{ﬂ _‘,‘...a.njl_,La}! G
wyuﬁjtuuluﬂ_ﬂl}uc@gfﬂ)\yﬁmgww
s BB ) 5 Qi S e B N sy L el
P S P N RS ) JE I et R eS (e

laltf cuant! Wil e
Lol LY i bial) o F 8 ikl e JLA ) 6
@ylfwwuwntmgwﬂws)wlw1g
ujwnuﬂfwlr#w.&ﬁJJWWuiyﬁ;;gl
AN Loy oW o ol S gl a0
el O S35 0f oy ) o B0 o ) AN 8 Al SV
= iy SL el ) Janll Lol el sy LA
e e sl U o e Gyl Bl 5y 5w LS Sl A
Jat

-
Ot S : | SR S dudlall} S| o

wlad) Ked e LS i Ll el s e
g p S 3y OLy 08I Alalll Sl AUk el i L F by
plaall 55 9 o 13 pakioW amm foay Jidl A o =S
AU i Las 55 (Ol M G oy o s e il
B B3 A e el 3505 Ol (anSG L Ba T e O
sl e f sy LA g dlad e S L LLLA, plall
i as Y bl

ol | LAY G dgdallf ddall ec

FYPR N B S P S _Cﬂ_;‘}_<_..g‘a Aaall ol pmean
ASTAsToly (il o o g bl Sl bt gl am gl DD
3 LR DYy leps Lol ol o F ] Tl el L
RIEMRY
tokald ) Coxd dulald! SRt

M SN L £ adall o DL o Rl Sl s
odn (o] SNl O w3 508 3 5 ke N g Rl ol (3 it

DL Cf ST S e ga il

— Gally el s e Gl Juaall

-



SkuLL
Neonatal Skull

The neonatal skull presents several anatomic features
that are clinically important. Palpation of the fontanelles
enables the physician to determine (1) the progress of
growth in the surrounding bones, (2) the degree of hydra-
tion of the baby (e.g., if the fontanelles are depressed below
the surface, the baby is dehydrated), and (3) the state of the
intracranial pressure (a bulging fontanelle indicates raised
intracranial pressure).

Samples of cerebrospinal fluid can be obtained by passing
a long needle obliquely through the anterior fontanelle into
the subarachnoid space or even into the lateral ventricle.

Clinically, it is usually not possible to palpate the anterior
fontanelle after 18 months because the frontal and parietal
bones have enlarged to close the gap.

At birth, the tympanic membrane faces more downward
and less laterally than in maturity; when examined with the
otoscope it therefore lies more obliquely in the infant than
in the adult.

FoRrCcEPS DELIVERY AND THE FACIAL NERVE

In the newborn infant, the mastoid process is not devel-
oped, and the facial nerve, as it emerges from the stylomas-
toid foramen, is close to the surface. Thus, it can be dam-
aged by forceps in a difficult delivery.

Fractures of the Skull

Fractures of the skull are common in the adult but much
less so in the young child. In the infantskull, the bones are
more resilient than in the adult skull, and they are separated
by fibrous sutural ligaments. In the adult, the inner table of
the skull is particularly brittle. Moreover, the sutural liga-
ments begin to ossify during middle age.

The type of fracture that occurs in the skull depends on
the age of the patient, the severity of the blow, and the area
of skull receiving the trauma. The adult skull may be
likened to an eggshell in that it possesses a certain limited re-
silience beyond which it splinters. A severe, localized blow
produces a local indentation, often accompanied by splin-
tering of the bone. Blows to the vault often result in a series
of linear fractures, which radiate out through the thin areas
of bone. The petrous parts of the temporal bones and the oc-
cipital crests strongly reinforce the base of the skull and tend
to deflect linear fractures.

In the young child, the skull may be likened to a table-
tennis ball in that a localized blow produces a depression
without splintering. This common type of circumscribed le-
sion is referred to as a “pond” fracture.

FRACTURES OF THE ANTERIOR CRANIAL FOSsA

In fractures of the anterior cranial fossa, the cribriform
plate of the ethmoid bone may be damaged. This usually re-
sults in tearing of the overlying meninges and underlying
mucoperiosteum. The paient will have bleeding from the
nose (epistaxis) and leakage of cerebrospinal fluid into the
nose (cerebrospinal rhinorrhea). Fractures involving the
orbital plate of the frontal bone result in hemorrhage be-
neath the conjunctiva and into the orbital cavity, causing
exophthalmos. The frontal air sinus may be involved, with
hemorrhage into the nose.
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FRACTURES OF THE MIDDLE CRANIAL FOSSA

These fractures are common because this is the weakest
part of the base of the skull. Anatomically, this weakness is
caused by the presence of numerous foramina and canals in
this region; the cavities of the middle ear and the sphenoidal
air sinuses are particularly vulnerable. The leakage of cere-
brospinal fluid and blood from the external auditory meatus
is common. The seventh and eighth cranial nerves may be
involved as they pass through the petrous part of the tempo-
ral bone. The third, fourth, and sixth cranial nerves may be
damaged if the lateral wall of the cavernous sinus is torn.
Blood and cerebrospinal fluid may leak into the sphenoidal
air sinuses and then into the nose.

FRACTURES OF THE POSTERIOR CRANIAL FossA

In fractures of the posterior cranial fossa, blood may es-
cape into the nape of the neck deep to the postvertebral
muscles. Some days later, it tracks between the muscles and
appears in the posterior triangle, close to the mastoid pro-
cess. The mucous membrane of the roof of the nasopharynx
may be torn, and blood may escape there. In fractures in-
volving the jugular foramen, the ninth, tenth, and eleventh
cranial nerves may be damaged. The strong bony walls of
the hypoglossal canal usually protect the hypoglossal nerve
from injury.

FRACTURES OF FaCIAL BONES

Signs of fractures of the facial bones include deformity,
ocular displacement, or abnormal movement accompanied
by crepitation and malocclusion of the teeth. Anesthesia or
paresthesia of the facial skin will follow fracture of bones
through which branches of the trigeminal nerve pass to the
skin.

The muscles of the face are thin and weak and cause lit-
tle displacement of the bone fragments. Once a fracture of
the maxilla has been reduced, for example, prolonged fixa-
tion is not needed. However, in the case of the mandible,
the strong muscles of mastication can create considerable
displacement, requiring long periods of fixation.

The most common facial fractures involve the nasal
bones, followed by the zygomatic bone and then the
mandible. To fracture the maxillary bones and the supraor-
bital ridges of the frontal bones, an enormous force is re-
quired.

Nasal Fractures Fractures of the nasal bones, because
of the prominence of the nose, are the most common facial
fractures. Because the bones are lined with mucoperios-
teumn, the fracture is considered open; the overlying skin
may also be lacerated. Although most are simple fractures
and are reduced under local anesthesia, some are associ-
ated with severe injuries to the nasal septum and require
careful treatment under general anesthesia.

Fractures of the Maxilla These fractures commonly
result from a direct anteroposterior blow to the face.
Malocclusion of the teeth, enophthalmos, and anesthesia of
the cheek and upper lip (involvement of the infraorbital
nerve) are frequent physical findings.

Fractures of the Zygoma or Zygomatic Arch The zy-
goma or zygomatic arch can be fractured by a blow to the
side of the face. Although it can occur as an isolated frac-
ture, as from a blow from a clenched fist, it may be associ-
ated with multiple other fractures of the face, as often seen
in automobile accidents.
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Fractures of the Mandible The mandible is horse-
shoe shaped and forms part of a bony ring with the two tem-
poromandibular joints and the base of the skull. Traumatic
impact is transmitted around the ring, causing a single frac-
ture or multiple fractures of the mandible, often far removed
from the point of impact.

BRAIN INJURIES

Injuries of the brain are produced by displacement and
distortion of the neuronal tissues at the moment of impact.
The brain may be likened to a log soaked with water float-
ing submerged in water. The brain is floating in the cere-
brospinal fluid in the subarachnoid space and is capable of
a certain amount of anteroposterior movement, which is
limited by the attachment of the superior cerebral veins to
the superior sagittal sinus. Lateral displacement of the brain
is limited by the falx cerebri. The tentorium cerebelli and
the falx cerebelli also restrict displacement of the brain.

It follows from these anatomic facts that blows on the
front or back of the head lead to displacement of the brain,
which may produce severe cerebral damage, stretching and
distortion of the brainstem, and stretching and even tearing
of the commissures of the brain. The terms concussion,
contusion, and laceration are used clinicallv to describe
the degrees of brain injury.

Blows on the side of the head produce less cerebral dis-
placement, and the injuries to the brain consequently tend
to be less severe.

Intracranial Hemorrhage

Intracranial hemorrhage may result from trauma or cere-
bral vascular lesions. Four varieties are considered here: (a)
extradural, (b) subdural, (¢) subarachnoid, and (d) cere-
bral.

Extradural hemorrhage results from injuries to the
meningeal arteries or veins. The most common artery to be
damaged is the anterior division of the middle meningeal
artery. A comparatively minor blow to the side of the head,
resulting in fracture of the skull in the region of the an-
teroinferior portion of the parietal bone, may sever the
artery. The arterial or venous injury is especially liable to oc-
cur if the artery and vein enter a bony canal in this region.
Bleeding occurs and strips up the meningeal layer of dura
from the internal surface of the skull. The intracranial pres-
sure rises, and the enlarging blood clot exerts local pressure
on the underlying motor area in the precentral gyrus. Blood
may also pass outward through the fracture line to form a
soft swelling under the temporalis muscle.

To stop the hemorrhage, the torn artery or vein must be
ligated or plugged. The burr hole through the skull wall
should be placed about 1 to 1 1/2 inches (2.5-4 cm) above
the midpoint of the zygomatic arch.

Subdural hemorrhage results from tearing of the supe-
rior cerebral veins at their point of entrance into the superior
sagittal sinus. The cause is usually a blow on the front or the
back of the head, causing excessive anteroposterior dis-
placement of the brain within the skull.

This condition, which is much more common than mid-
dle meningeal hemorrhage, can be produced by a sudden
minor blow. Once the vein is torn, blood under low pressure
begins to accumulate in the potential space between the
dura and the arachnoid. In about half the cases the condi-
tion is bilateral.
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Acute and chronic forms of the clinical condition occur,
depending on the speed of accumulation of fluid in the sub-
dural space. For example, if the patient starts to vomit, the
venous pressure will rise as a result of a rise in the intratho-
racic pressure. Under these circumstances the subdural
blood clot will increase rapidly in size and produce acute
symptoms. In the chronic form, over a course of several
months, the small blood clot will attract fluid by osmosis so
that a hemorrhagic cyst is formed, which gradually expands
and produces pressure symptoms. In both forms the blood
clot must be removed through burr holes in the skull.

Subarachnoid hemorrhage results from leakage or
rupture of a congenital aneurysm on the circle of Willis or,
less commonly, from an angioma. The symptoms, which are
sudden in onset, include severe headache, stifiness of the
neck, and loss of consciousness. The diagnosis is estab-
lished by withdrawing heavily blood-stained cerebrospinal
fluid through a lumbar puncture.

Cerebral hemorrhage is generally caused by rupture of
the thin-walled lenticulostriate artery, a branch of the
middle cerebral artery. The hemorrhage involves the vital
corticobulbar and corticospinal fibers in the internal cap-
sule and produces hemiplegia on the opposite side of the
body. The patient immediately loses consciousness, and the
paralysis is evident when consciousness is regained.

INTRACRANIAL HEMORRHAGE IN THE INFANT

Intracranial hemorrhage in the infant may occur during
birth and may result from excessive molding of the head.
Bleeding may occur from the cerebral veins or the venous si-
nuses. Excessive anteroposterior compression of the head
often tears the anterior attachment of the falx cerebri from
the tentorium cerebelli. Bleeding then takes place from the
great cerebral veins, the straight sinus, or the inferior
sagittal sinus.

CRANIAL NERVES

Systematic examination of the 12 cranial nerves is an im-
portant part of the examination of every neurologic patient.
It may reveal a lesion of a cranial nerve nucleus or its cen-
tral connections, or it may show an interruption of the lower
motor neurons.

Testing the Integrity of the Olfactory
Nerve

The olfactory nerve can be tested by applying substances
with different odors to each nostril in turn. It should be re-
membered that food flavors depend on the sense of smell
and not on the sense of taste. Fractures of the anterior cra-
nial fossa or cerebral tumors of the frontal lobes may pro-
duce lesions of the olfactory nerves, with consequent loss of
the sense of smell (anosmia).

Testing the Integrity of the Optic Nerve

The optic nerve is evaluated by first asking the patient
whether any changes in eyesight have been noted. The acu-
ity of vision is then tested by using charts with lines of print
of varying size. The retinas and optic discs should then be
examined with an ophthalmoscope. When examining the
optic disc, it should be remembered that the intracranial
subarachnoid space extends forward around the optic
nerve to the back of the eyeball. The retinal artery and vein
run in the optic nerve and cross the subarachnoid space of
the nerve sheath a short distance behind the eyeball. A rise
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in cerebrospinal fluid pressure in the subarachnoid space
will compress the thin walls of the retinal vein as it crosses
the space, resulting in congestion of the retinal veins, edema
of the retina, and bulging of the optic disc (papilledema).

The visual fields should then be tested. The patient is
asked to gaze straight ahead at a fixed object with the eye
under test, the opposite eye being covered. A small object is
then moved in an arc around the periphery of the field of vi-
sion, and the patient is asked whether he or she can see the
object. It is important not to miss loss or impairment of vi-
sion in the central area of the field (central scotoma).

Blindness in one-half of each visual field is called hemi-
anopia. Lesions of the optic tract and optic radiation pro-
duce the same hemianopia for both eyes, that is, homony-
mous hemianopia. Bitemporal hemianopia is a loss of
the lateral halves of the fields of vision of both eyes (i.e., loss
of function of the medial half of both retinas). This condi-
tion is most commonly produced by a tumor of the pituitary
gland exerting pressure on the optic chiasma.

Testing the Integrity of the Oculomotor,
Trochlear, and Abducent Nerves

The oculomotor, trochlear, and abducent nerves inner-
vate the muscles that move the eyeball. The oculomotor
nerve supplies all the orbital muscles except the superior
oblique and the lateral rectus. It also supplies the levator
palpebrae superioris and the smooth muscles concerned
with accommaodation, namely, the sphincter pupillae and
the ciliary muscle. The trochlear nerve supplies the superior
oblique muscle, and the abducent nerve supplies the lateral
rectus.

To examine the ocular muscles, the patient’s head is
fixed and he or she is asked to move the eyes in turn to the
left, to the right, upward, and downward, as far as possible
in each direction.

In complete third nerve paralysis the eye cannot be
moved upward, downward, or inward. At rest the eye looks
laterally (external strabismus) because of the activity of
the lateral rectus and downward because of the activity of
the superior oblique. The patient sees double (diplopia).
Drooping of the upper eyelid (ptosis) occurs because of
paralysis of the levator palpebrae superioris. The pupil is
widely dilated and nonreactive to light because of the paral-
ysis of the sphincter pupillae and the unopposed action of
the dilator pupillae (supplied by the sympathetic).
Accommodation of the eye is paralyzed.

In fourth nerve paralysis the patient complains of dou-
ble vision on looking straight downward. This is because the
superior oblique is paralyzed and the eye turns medially as
well as downward.

In sixth nerve paralysis the patient cannot turn the eye-
ball laterally. When looking straight ahead, the lateral rectus
is paralyzed, and the unopposed medial rectus pulls the eye-
ball medially, causing internal strabismus.

Testing the Integrity of the Trigeminal
Nerve

The trigeminal nerve has sensory and motor roots. The sen-
sory root passes to the trigeminal ganglion, from which
emerge the ophthalmic (V1), maxillary (V2), and mandibular
(V3) divisions. The motor root joins the mandibular division.
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The sensory function can be tested by using a cotton.

wisp over each area of the face supplied by the divisions of
the trigeminal nerve (Fig. 11-104).

The motor function can be tested by asking the patient to
clench the teeth. The masseter and the temporalis muscles,
which are innervated by the mandibular division of the
trigeminal nerve, can be palpated and felt to harden as they
contract.

Testing the Integrity of the Facial Nerve

The facial nerve supplies the muscles of facial expres-
sion; supplies the anterior two-thirds of the tongue with taste
fibers; and is secretomotor to the lacrimal, submandibular,
and sublingual glands.

The anatomic relationship of this nerve to other struc-
tures enables a physician to localize lesions of the nerve ac-
curately. If the sixth and seventh nerves are not functioning,
this would suggest a lesion within the pons of the brain. If
the eighth and seventh nerves are not functioning, this
would suggest a lesion in the internal acoustic meatus. If the
patient is excessively sensitive to sound in one ear, the le-
sion probably involves the nerve to the stapedius. Loss of
taste over the anterior two-thirds of the tongue implies that
the seventh nerve is damaged proximal to the point where it
gives off the chorda tympani.

To test the facial nerve, the patient is asked to show the
teeth by separating the lips with the teeth clenched, and
then to close the eyes. Taste on each half of the anterior two-
thirds of the tongue can be tested with sugar, salt, vinegar,
and quinine for the sweet, salt, sour, and bitter sensations,
respectively.

It should be remembered that the part of the facial nerve
nucleus that controls the muscles of the upper part of the
face receives corticobulbar fibers from both cerebral cor-
tices. Therefore, in patients with an upper motor neuron le-
sion, only the muscles of the lower part of the face will be
paralyzed. However, in patients with a lower motor neuron
lesion, all the muscles on the affected side of the face will be
paralyzed. The lower eyelid will droop, and the angle of the
mouth will sag. Tears will flow over the lower eyelid, and
saliva will dribble from the corner of the mouth. The patient
will be unable to close the eye and cannot expose the teeth
fully on the affected side.

Testing the Integrity of the
Vestibulocochlear Nerve

The vestibulocochlear nerve innervates the utricle and
saccule, which are sensitive to static changes in equilib-
rium; the semicircular canals, which are sensitive to
changes in dynamic equilibrium; and the cochlea, which is
sensitive to sound.

Disturbances of vestibular function include dizziness
(vertigo) and nystagmus. The latter is an uncontrollable
pendular movement of the eyes. Disturbances of cochlear
function reveal themselves as deafness and ringing in the
ears (tinnitus). The patient’s ability to hear a voice or a tun-
ing fork should be tested, with each ear tested separately.

Testing the Integrity of the
Glossopharyngeal Nerve

The glossopharyngeal nerve supplies the stylopharyngeus
muscle and sends secretomotor fibers to the parotid gland.
Sensory fibers innervate the posterior one-third of the tongue.

The integrity of this nerve may be evaluated by testing the
patient’s general sensation and that of taste on the posterior
third of the tongue.
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Figure 11-104 The facial cutaneous distribution of the ophthalmic (V1), maxillary (V2), and
mandibular (V3) divisions of the trigeminal nerve. Note that the skin over the angle of the jaw is
supplied by the great auricular nerve (C2 and 3 segments of the spinal cord).
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Testing the Integrity of the Vagus Nerve | cuaad! dedl Hle | e

The vagus nerve innervates many important organs, but L 3 _aal 1l LA datmy Sy dals clael due r_‘Tl1 ——any
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right hypoglossal nerve S oL e E el

Figure 11-105 Diagrammatic repre-
sentation of the action of the right
and left genioglossus muscles of
the tongue. A. The right and left
muscles contract equally together
and as a result (B) the tip of the
tongue is protruded in the midline.
C. The right hypoglossal nerve
(which innervates the genioglos-
sus muscle and the intrinsic

tongue muscles on the same side) A B
is cut and as a result the right side ¢ sais J;y Sl e f aall f bl cf )
of the tongue is atrophied and cut right hypo Iossal

wrinkled. D. When the patient is / nerveg ¥pog ’r?:?:; hypuglossal

asked to protrude the tongue, the
tip points to the side of the nerve
lesion. E. The origin and insertion
and direction of pull of the ge-
nioglossus muscle.

Juad skt Jai :(105-11) J2
. "n " -.w '_:1 3 .—.! |
JlEy e (lialiia Mo 3ad  righthal
i ‘u . ¢ N - - oftongue
5908 Ju8 (B) 1 Ay (AlSSe  trophied
s cikalll bdd) e el Jcﬁn |
) Gadt) Gl ial quanll (C) Az ol
'E‘-:J"a m" .ﬂrn*l. “ y 4
g sk (Agad ol Atadal ludd
Ol quilall ) gada Giaay AN daily
) Gl Saady Gled]

Sum o Gl Ga Gl S (D) L) 3501 alaal
Aga ) ohalll 59,3 diadi Adlud genioglossus muscle

sladl g 3isi ) g Lide (E). quandl 4lal
Al 4,83 Al i

Testing the Integrity of the Accessory
Nerve

The accessory nerve supplies the sternocleidomastoid
and the trapezius muscles by means of its spinal part. The
patient should be asked to rotate the head to one side
against resistance, causing the sternocleidomastoid of the
opposite side to come into action. Then the patient should
be asked to shrug the shoulders, causing the trapezius mus-
cles to come into action.
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The hypoglossal nerve supplies the muscles of the
tongue. The patient is asked to put out the tongue, and if a
lesion of the nerve is present, it will be noted that the tongue
deviates toward the paralyzed side (Fig. 11-105). This can be
explained as follows. One of the genioglossus muscles,
which pull the tongue forward, is paralyzed on the affected
side. The other, normal genioglossus muscle pulls the unaf-
fected side of the tongue forward, leaving the paralyzed side
of the tongue stationary. The result is the tip of the tongue's
deviation toward the paralyzed side. In patients with long-
standing paralysis, the muscles on the affected side are
wasted, and the tongue is wrinkled on that side.

k.
FEIEREES

Although the eyeball is well protected by the surround-
ing bony orbit, it is protected anteriorly only from large ob-
jects, such as tennis balls, which tend to strike the orbital
margin but not the globe. The bony orbit provides no pro-
tection from small objects, such as golf balls, which can
cause severe damage to the eye. Careful examination of the
eyeball relative to the orbital margins shows that it is least
protected from the lateral side.

Blow-out fractures of the orbital floor involving the
maxillary sinus commonly occur as a result of blunt force to
the face. If the force is applied to the eye, the orbital fat ex-
plodes inferiorly into the maxillary sinus, fracturing the or-
bital floor. Not only can blow-out fractures cause displace-
ment of the eyeball, with resulting symptoms of double
vision (diplopia), but also the fracture can injure the in-
fraorbital nerve, producing loss of sensation of the skin of
the cheek and the gum on that side. Entrapment of the infe-
rior rectus muscle in the fracture may limit upward gaze.

Many cases of strabismus are nonparalytic and are
caused by an imbalance in the action of opposing muscles.
This type of strabismus is known as concomitant strabis-
mus and is common in infancy.

The pupillary reflexes. that is, the reaction of the pupils to
light and accommodation, depend on the integrity of ner-
vous pathways. In the direct light reflex, the normal pupil
reflexly contracts when a light is shone into the patient's
eye. The nervous impulses pass from the retina along the op-
tic nerve to the optic chiasma and then along the optic tract.
Before reaching the lateral geniculate body, the fibers con-
cerned with this reflex leave the tract and pass to the oculo-
motor nuclei on both sides via the pretectal nuclei. From the
parasympathetic part of the nucleus, efferent fibers leave
the midbrain in the oculomotor nerve and reach the ciliary
ganglion via the nerve to the inferior oblique. Postgangli-
onic fibers pass to the constrictor pupillae muscles via the
short ciliary nerves.

The consensual light reflex is tested by shining the light
in one eye and noting the contraction of the pupil in the op-
posite eye. This reflex is possible because the afferent path-
way just described travels to the parasympathetic nuclei of
both oculomotor nerves.
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The accommodation reflex is the contraction of the
pupil that occurs when a person suddenly focuses on a near
object after having focused on a distant object. The nervous
impulses pass from the retina via the optic nerve, the optic
chiasma, the optic tract, the lateral geniculate body, the op-
tic radiation, and the cerebral cortex of the occipital lobe of
the brain. The visual cortex is connected to the eye field of
the frontal cortex. From here, efferent pathways pass to the
parasympathetic nucleus of the oculomotor nerve. From
there, the efferent impulses reach the constrictor pupillae
via the oculomotor nerve, the ciliary ganglion, and the short
ciliary nerves.

EAr

Tympanic Membrane Examination

Otoscopic examination of the tympanic membrane is fa-
cilitated by first straightening the external auditory meatus
by gently pulling the auricle upward and backward in the
adult, and straight backward or backward and downward in
the infant. Normally, the tympanic membrane is pearly gray
and concave.

Infections and Otitis Media

Pathogenic organisms can gain entrance to the middle
ear by ascending through the auditory tube from the nasal
part of the pharynx. Acute infection of the middle ear (oti-
tis media) produces bulging and redness of the tympanic
membrane.

COMPLICATIONS OF OTITIS MEDIA

Inadequate treatment of otitis media can result in the
spread of the infection into the mastoid antrum and the mas-
toid air cells (acute mastoiditis). Acute mastoiditis may be
followed by the further spread of the organisms beyond the
confines of the middle ear. The meninges and the temporal
lobe of the brain lie superiorly. A spread of the infection in
this direction could produce a meningitis and a cerebral ab-
scess in the temporal lobe. Beyond the medial wall of the
middle ear lie the facial nerve and the internal ear. A spread
of the infection in this direction can cause a facial nerve
palsy and labyrinthitis with vertigo. The posterior wall of
the mastoid antrum.is related to the sigmoid venous sinus. If
the infection spreads in this direction, a thrombosis in the
sigmoid sinus may well take place. These various complica-
tions emphasize the importance of knowing the anatomy of
this region.

MoutH

The mouth is one of the important areas of the body that
the physician is called on to examine. Needless to say, the
physician must be able to recognize all the structures visible
in the mouth and be familiar with the normal variations in
the color of the mucous membrane covering underlying
structures. The sensory nerve supply and lymph drainage of
the mouth cavity should be known. The close relation of the
lingual nerve to the lower third molar tooth should be re-
membered. The close relation of the submandibular duct to
the floor of the mouth may enable one to palpate a calculus
in cases of periodic swelling of the submandibular salivary
gland.
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Laceration of the Tongue

A wound of the tongue is often caused by the patient’s
teeth following a blow on the chin when the tongue is partly
protruded from the mouth. It can also occur when a patient
accidentally bites the tongue while eating, during recovery
from an anesthetic, or during an epileptic attack. Bleeding is
halted by grasping the tongue between the finger and
thumb posterior to the laceration, thus occluding the
branches of the lingual artery.

PHARYNX

At the junction of the mouth with the oral part of the phar-
ynx, and the nose with the nasal part of the pharynx, are col-
lections of lymphoid tissue of considerable clinical impor-
tance. The palatine tonsils and the nasopharyngeal tonsils
are the most important.

Tonsils and Tonsillitis

The palatine tonsils reach their maximum normal size in
early childhood. After puberty, together with other lym-
phoid tissues in the body, they gradually atrophy. The pala-
tine tonsils are a common site of infection, producing the
characteristic sore throat and pyrexia. The deep cervical
lymph node situated below and behind the angle of the
mandible, which drains lymph from this organ, is uswally en-
larged and tender. Recurrent attacks of tonsillitis are best
treated by tonsillectomy. After tonsillectomy, the external
palatine vein, which lies lateral to the tonsil, may be the
source of troublesome postoperative bleeding.

A peritonsillar abscess (quinsy) is caused by spread of
infection from the palatine tonsil to the loose connective tis-
sue outside the capsulé (Fig. 11-106).

The nasopharyngeal tonsil or pharyngeal tonsil consists
of a collection of lymphoid tissue beneath the epithelium of
the roof of the nasal part of the pharynx. Like the palatine
tonsil, it is largest in early childhood and starts to atrophy af-
ter puberty. ’

Excessive hypertrophy of the lymphoid tissue, usually as-
sociated with infection, causes the pharyngeal tonsils to be-
come enlarged; they are then commonly referred to as ade-
noids. Marked hypertrophy blocks the posterior nasal
openings and causes the patient to snore loudly at night and
to breathe through the open mouth. The close relationship
of the infected lymphoid tissue to the auditory tube may be
the cause of deafness and recurrent otitis media.
Adenoidectomy is the treatment of choice for hypertro-
phied adenoids with infection.

The nasal part of the pharynx may be viewed clinically
by a mirror passed through the mouth (Fig. 11-62).

Piriform Fossa and Foreign Bodies

The piriform fossa is a recess of mucous membrane situ-
ated on either side of the entrance of the larynx. It is
bounded medially by the aryepiglottic folds and laterally by
the thyroid cartilage. Clinically it is important because itisa
common site for the lodging of sharp ingested bodies such
as fish bones. The presence of such a foreign body immedi-
ately causes the patient to gag violently. Once the objecthas
become jammed, it is difficult for the patient to remove it
without a physician’s assistance.
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Figure 11-106 Horizontal section through the mouth and the oral pharynx. On the left, the normal
palatine tonsil and its relationships are shown; on the right, the position of a peritonsillar abscess
is shown. Note the relationship of the abscess to the superior constrictor muscle and the carotid
sheath. The opening into the larynx can also be seen below and behind the tongue.
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It should be remembered that the nasal septum is rarely
situated in the midline. A severely deviated septum may in-
terfere with drainage of the nose and the paranasal sinuses.

Trauma

The walls of the nasal cavity are fully described on page
172. Fractures involving the nasal bones are common.
Blows directed from the front may cause one or both nasal
bones to be displaced downward and inward. Lateral frac-
tures also occur in which one nasal bone is driven inward
and the other outward; the nasal septum is usually involved.

Infection of the Nasal Cavity

Infection of the nasal cavity can spread in a variety of di-
rections. The paranasal sinuses are especially prone to in-
fection. Organisms may spread via the nasal part of the phar-
ynx and the auditory tube to the middle ear. It is possible for
organisms to ascend to the meninges of the anterior cranial
fossa, along the sheaths of the olfactory nerves through the
cribriform plate, and produce meningitis.

Foreign Bodies in the Nose

Foreign bodies in the nose are common in children. The
presence of the nasal septum and the existence of the
folded, shelflike conchae make impaction and retention of
balloons, peas, and small toys relatively easy.

Nose Bleeding

£pistaxis, or bleeding from the nose, is a frequent con-
dition. The most common cause is nose-picking. The bleed-
ing may be arterial or venous, and most episodes occur on
the anteroinferior portion of the septum and involve the sep-
tal branches of the sphenopalatine and facial vessels.

Sinusitis and the Examination of the
Paranasal Sinuses

Infection of the paranasal sinuses is a common compli-
cation of nasal infections. Rarely, the cause of maxillary si-
nusitis is extension from an apical dental abscess. The
frontal, ethmoidal, and maxillary sinuses can be palpated
clinically for areas of tenderness. The frontal sinus can be
examined by pressing the finger upward beneath the medial
end of the superior orbital margin. Here the floor of the
frontal sinus is closest to the surface.

The ethmoidal sinuses can be palpated by pressing the
finger medially against the medial wall of the orbit. The max-
illary sinus can be examined for tenderness by pressing the
finger against the anterior wall of the maxilla below the in-
ferior orbital margin; pressure over the infraorbital nerve
may reveal increased sensitivity.

Directing the beam of a flashlight either through the roof
of the mouth or through the cheek in a darkened room will
often enable a physician to determine whether the maxillary
sinus is full of inflammatory fluid rather than air. This
method of transillumination is simple and effective.
Radiologic examination of the sinuses is also most helpful in
making a diagnosis. One should always compare the clini-
cal findings of each sinus on the two sides of the body.
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The frontal sinus is innervated by the supraorbital nerve,
which also supplies the skin of the forehead and scalp as far
back as the vertex. It is therefore not surprising that patients
with frontal sinusitis have pain referred over this area. The
maxillary sinus is innervated by the infraorbital nerve and,
in this case, pain is referred to the upper jaw, including the
teeth.

The frontal sinus drains into the hiatus semilunaris, via
the infundibulum, close to the orifice of the maxillary sinus
on the lateral wall of the nose. It is thus not unexpected to
find that a patient with frontal sinusitis nearly always has a
maxillary sinusitis. The maxillary sinus is particularly prone
to infection because its drainage orifice through the hiatus
semilunaris is badly placed near the roof of the sinus. In
other words, the sinus has to fill up with fluid before it can
effectively drain with the person in the upright position. The
relation of the apices of the roots of the teeth in the maxilla
to the floor of the maxillary sinus has already been empha-
sized.

= LarRYNX
Lesions of the Laryngeal Nerves

The muscles of the larynx are innervated by the recurrent
laryngeal nerves, with the exception of the cricothyroid
muscle, which is supplied by the external laryngeal nerve.
Both these nerves are vulnerable during operations on the
thyroid gland because of the close relationship between
them and the arteries of the gland. The left recurrent laryn-
geal nerve may be involved in a bronchial or esophageal
carcinoma or in secondary metastatic deposits in the medi-
astinal lymph nodes. The right and left recurrent laryngeal
nerves may be damaged by malignant involvement of the
deep cervical lymph-nodes.

Section of the external laryngeal nerve produces
weakness of the voice because the vocal fold canpot be
tensed. The cricothyroid muscle is paralyzed (Fig. 11-107).

Unilateral complete section of the recurrent laryn-
geal nerve results in the vocal fold on the affected side as-
suming the position midway between abduction and ad-

duction. It lies just lateral to the midline. Speech is not
greatly affected because the other vocal fold compensates
to some extent and moves toward the affected vocal fold
(Fig. 11-107).

Bilateral complete section of the recurrent laryn-
geal nerve results in both vocal folds assuming the position
midway between abduction and adduction. Breathing is
impaired because the rima glottidis is partially closed, and
speech is lost (Fig. 11-107).

Unilateral partial section of the recurrent laryngeal
nerve results in a greater degree of paralysis of the abduc-
tor muscles than of the adductor muscles. The affected vo-
cal fold assumes the adducted midline position (Fig. 11-
108). This phenomenon has not been explained satisfacto-
rily. It must be assumed that the abductor muscles receive a
greater number of nerves than the adductor muscles, and
thus partial damage of the recurrent laryngeal nerve results
in damage to relatively more nerve fibers to the abductor
muscles. Another possibility is that the nerve fibers to the ab-
ductor muscles are traveling in a more exposed position in
the recurrent laryngeal nerve and are therefore more prone
to be damaged.
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Figure 11-107 The position of the vocal folds (cords) after damage to the external and recurrent laryngeal nerves.
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Bilateral partial section of the recurrent laryngeal
nerve results in bilateral paralysis of the abductor muscles
and the drawing together of the vocal folds (Fig. 11-107).
Acute breathlessness (dyspnea) and stridor follow, and
cricothyroidotomy or tracheostomy is necessary.

Edema of the Laryngeal Mucons
Membrane

The mucous membrane of the larynx is loosely attached
to the underlying structures by submucous connective tis-
sue. In the region of the vocal folds, however, the mucous
membrane is firmly attached to the vocal ligaments. This
fact is of clinical importance in cases of edema of the larynx.
The accumulation of tissue fluid causes the mucous mem-
brane above the rima glottidis to swell and encroach on the
airway. In severe cases a cricothyroidotomy or tra-
cheostomy may be necessary.

dlts allin sart ) 6 ) oall I G5 1 gl

Sy camd peall cpsdall Oyl g Saad) bl 3 L LS

Ladiey oy S (miS end) Sl S e oy (10711
BN B A Oy el s sl e e

1§ yind| alad ! slial) dedg e
ez il S A e ) (S0 6 ed) Bl Ll S5,
5555 x5 gl psall s 3 S0y bl o L i A
by SV 3 p o ol L 220 0y oyl 2oy Y1 s 35
el Bl sLaill 3 )5 ) el L oS5 (525 3 8 i
VL Gy ol el (52 oy 0] ) JUly (el gl

N A T Oy il aad s 6 L S

@

Baally Gul ! e Galdl Juadll ——



Laryngeal Mirror and Laryngoscope

The-interior of the larynx can be inspected indirectly
through a laryngeal mirror passed through the open mouth
into the oral pharynx (Fig. 11-108). A more satisfactory
method is the direct method using the laryngoscope. The
neck is brought forward on a pillow and the head is fully ex-
tended at the atlanto-occipital joints. The illuminated instru-
ment can then be introduced into the larynx over the back
of the tongue (Fig. 11-108). The valleculae, the piriform fos-
sae, the epiglottis, and the aryepiglottic folds are clearly
seen. The two elevations produced by the corniculate and
cuneiform cartilages can be recognized. Within the larynx,
the vestibular folds and the vocal folds can be seen. The for-
mer are fixed, widely separated, and reddish in color; the
latter move with respiration and are white in color. With
quiet breathing, the rima glottidis is triangular, with the apex
in front. With deep inspiration, the rima glottidis assumes a
diamond shape because of the lateral rotation of the ary-
tenoid cartilages.

If the patient is asked to breathe deeply, the vocal folds
become widely abducted, and the inside of the trachea can
be seen.

Important Anatomic Axes for
Endotracheal Intubation

The upper airway has three axes that have to be brought
into alignment if the glottis is to be viewed adequately
through a laryngoscope—the axis of the mouth, the axis of
the pharynx, and the axis of the trachea (Fig. 11-109).

The following procedures are necessary: (1) The head is
extended at the atlanto-occipital joints. This brings the axis
of the mouth into the correct position. (2) The neck is flexed
at cervical vertebrae C4 to C7 by elevating the back of the
head off the table, often with the help of a pillow. This brings

the axes of the pharynx and the trachea in line with the axis
of the mouth.
Reflex Activity Secondary to Endotracheal
Intubation

Stimulation of the mucous membrane of the upper ait-
way during the process of intubation may produce cardio-
vascular changes such as bradycardia and hypertension.
These changes are largely mediated through the branches
of the vagus nerves.
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Figure 11-108 Inspection of the vocal folds (cords) indirectly through a laryngeal mirror (A) and
through a laryngoscope (B). Note the orientation of the structures forming the laryngeal inlet.
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Figure 11-109 Anatomic axes for endotracheal intubation. A. With the head in the neutral position,
the axis of the mouth {M), the axis of the trachea (7), and the axis of the pharynx (P) are not
aligned with one another. B. If the head is extended at the atlanto-occipital joints, the axis of the
mouth is correctly placed. If the back of the head is raised off the table with a pillow, thus flexing
the cervical vertebral column, the axes of the trachea and pharynx are brought in line with the axis
of the mouth.
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Clinical Problem Solving

Study the following case histories and select the best an-

swer to the questions following them.

—_—

An 8-year-old girl was taken to a pediatrician be-
cause her mother had noticed a small painless
swelling below and behind the angle of the jaw
on the right side. On examination, the swelling
was superficial, cool to touch, and showed no
redness. Careful palpation of the neck revealed
two firm lumps matted together beneath the an-
terior border of the right sternocleidomastoid
muscle. Examination of the palatine tonsils
showed moderate hypertrophy on both sides
with a few pustules exuding from the tonsillar
crypts on the right side. The patient did not have
a pyrexia.

. The following facts concerning this case are consistent

with the patient having chronic cervical lymphadenitis

except:

A. The lymph drains from the tonsil into the superficial
cervical lymph nodes, which when enlarged produce
a swelling below and behind the angle of the jaw.

B. Tuberculous cervical lymphadenitis is a chronic in-
fection that can enter the tonsil and spread to the
lymph nodes.

C. The investing layer of deep cervical fascia can limit
the spread of infection in the neck.

D. Tuberculous infection of a lymph node commonly
spreads to other nodes in the group and they be-
come matted together. ]

E. Tuberculous infection results in the destruction of
the node with the formation of pus that later erodes
through the deep fascia, producing a large cold ab-
scess beneath the skin.

F. Secondary infection of a cold abscess causes the ab-
scess to break through the skin to form a discharging
sinus.

A 25-year-old woman complaining of a swelling
on the front of the neck and breathlessness vis-
ited her physician. On examination a small, soli-
tary swelling of firm consistency was found to
the left of the midline of the neck below the thy-
roid cartilage of the larynx. The swelling was not
attached to the skin but moved upward on swal-
lowing. About 2 weeks previously the swelling
had suddenly increased in size and become ten-
der to touch; following this increase in size the
patient became breathless.

. The following facts concerning this case would suggest

a diagnosis of adenoma of the thyroid gland except:

A. The pretracheal layer of deep cervical fascia binds
the thyroid gland to the larynx, which moves upward
on swallowing.

B. Each lobe of the thyroid gland is closely related to
the sides of the trachea.

C. The isthmus of the thyroid gland was found to cross
in front of the third, fourth, and fifth rings of the tra-
chea.

D. The sudden increase in the size of the swelling can
be explained by a hemorrhage into the adenoma.

E. The swelling was located superficial to the left ster-
nothyroid muscle.

F. The breathlessness was caused by the adenoma
pressing on the trachea, partially occluding the lu-
men.
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A 70-year-old man complaining of a small pain-
less swelling below his chin visited his physi-
cian. On questioning, he said that he had first no-
ticed the swelling 4 months earlier and that it
was gradually increasing in size. Because it had
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not caused any discomfort, he had chosen to ig-
nore it. On examination a single, small, hard
swelling could be palpated in the submental tri-
angle. It was mobile on the deep tissues and not
attached to the skin.
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3. The following facts suggest that the hard swelling was a
secondary malignant deposit in a lymph node except:
A. The submental lymph nodes are located in the sub-

mental triangle just below the chin.

B. The submental lymph nodes drain the tip of the
tongue, the floor of the mouth in the region of the
frenulum of the tongue, the gums and incisor teeth,
the middle third of the lower lip, and the skin over
the chin.

C. A small, hard-based carcinomatous ulcer was found
on the right side of the tongue near the tip.

D. The deep cervical group of lymph nodes beneath the
sternocleidomastoid muscle receive lymph from the
submental lymph nodes.

E. The submental lymph nodes lie deep to the superfi-
cial part of the submandibular salivary gland.

A 45-year-old man with extensive maxillofacial
injuries after an automobile accident was
brought to the emergency department. Evalu-
ation of the airway revealed partial obstruction.
Despite an obvious fractured mandible, an at-

tempt was made to move the tongue forward
from the posterior pharyngeal wall by pushing
the angles of the mandible forward. This maneu-
ver failed to move the tongue, and it became
necessary to hold the tongue forward directly to
pull it away from the posterior pharyngeal wall.
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4. The most likely reason the physician was unable to pull
the tongue forward in this patient was:

A. The hypoglossal nerves were damaged on both sides
of the neck.

B. Spasm of the styloglossus muscles.

C. The mandibular origin of the genioglossus muscles
was floating because of bilateral fractures of the
body of the mandible.

D. The presence of a blood clot in the mouth.

E. The resistance of the patient.

Having passed a laryngoscope into a patient, the
anesthetist viewed the following anatomic struc-
tures in order from the base of the tongue to the
trachea.

5. All the following structures were correctly recognized
except:

. The median glossoepiglottic fold and the valleculae.

. The two lateral glossoepiglottic folds.

. The upper edge of the epiglottis.

. The aryepiglottic folds.

. The rounded swellings of the cuneiform and cornic-

ulate cartilages.
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A 17-year-old boy was seen in the emergency
department after receiving a stab wound at the
front of the neck. The knife entrance wound was
located on the left side of the neck just lateral to
the tip of the greater cornu of the hyoid bone.
During the physical examination the patient was
asked to protrude his tongue, which deviated to
the left.

6. The following facts would explain the physical signs in

this patient except:

A. The genioglossus muscles are responsible for pro-

truding the tongue.

B.

The genioglossus muscle is supplied by the glos-
sopharyngeal nerve.

. Paralysis of the left genioglossus muscle permitted

the right genioglossus to pull the tongue forward and
turned the tip to the left side.

. The hypoglossal nerve descends in the neck be-

tween the internal carotid artery and the internal
jugular vein.

. Atabout the level of the tip of the greater cornu of the

hyoid bone the hypoglossal nerve turns forward and
crosses the internal and external carotid arteries and
the lingual artery to enter the tongue.

. The point of the knife blade severed the leit hy-

poglossal nerve.

A 43-year-old woman was seen in the emer-
gency department with a large abscess in the
middle of the right posterior triangle of the neck.
The abscess was red, hot, and fluctuant. The ab-
scess showed evidence that it was pointing and
about to rupture. The physician decided to incise
the abscess and insert a drain. Five days later the
patient returned to the department for the dress-
ings to be changed. She stated that she felt much
better and that her neck was no longer painful.
However, there was one thing that she could not
understand. She could no longer raise her right

hand above her head to brush her hair.

. The signs and symptoms in this case would suggest that

the spinal part of the accessory nerve had been incised
except:

A.

To raise the hand above the head, it is necessary for
the trapezius muscle, assisted by the serratus ante-
rior, to contract and rotate the scapula so that the
glenoid cavity faces upward.

. The trapezius muscle is innervated by the spinal part

of the accessory nerve.

. As the spinal part of the accessory nerve crosses the

posterior triangle of the neck, it is deeply placed, be-
ing covered by the skin, the superficial fascia, the in-
vesting layer of deep cervical fascia, and the levator
scapulae muscle.

. The surface marking of the spinal part of the acces-

sory nerve is as follows: Bisect at right angles a line
joining the angle of the jaw to the tip of the mastoid
process. Continue the second line downward and
backward across the posterior triangle.

. The knife opening the abscess had cut the accessory

nerve.
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A 3b-year-old woman had a partial thyroidec-
tomy for the treatment of thyrotoxicosis. During
the operation a ligature slipped off the right su-
perior thyroid artery. To stop the hemorrhage,
the surgeon blindly grabbed for the artery with
artery forceps. The operation was completed
without further incident. The following morning
the patient spoke with a husky voice.

8. The following facts in this patient would explain the
husky voice except:

A. Laryngoscopic examination revealed that the right
vocal cord was slack, causing the huskiness of the
voice,

B. The vocal cord is tensed by the contraction of the
cricothyroid muscle.

C. The cricothyroid muscle tilts back the cricoid carti-
lage and pulls forward the thyroid cartilage.

D. The cricothyroid muscle is innervated by the recur-
rent laryngeal nerve.

E. The superior thyroid artery is closely related to the
external laryngeal nerve.

A 46-year-old man was seen in the emergency

department after being knocked down in a street

brawl. He had received a blow on the head with
an empty bottle. On examination the patient was
conscious and had a large doughlike swelling
over the back of the head that was restricted to
the area over the occipital bone. The skin was in-
tact, and the swelling fluctuated on palpation.
. The following facts concerning this patient are correct

except:

A. The hematoma, although large, did not extend for-
ward to the orbital margins and did not extend later-
ally as far as the temporal lines.

B. The hematoma was located just beneath the epicra-
nial aponeurosis and was superficial to the perios-
teum of the occipital bone.

C. The swelling did not occupy the subcutaneous tissue
of the scalp.

D. The hematoma is restricted to one skull bone and is
situated beneath the periosteum.

E. The edge of the swelling is limited by the attachment
of the periosteum to the sutural ligaments.

A 17-year-old girl visited her dermatologist be-
cause of severe acne of the face. On examination
it was found that a small abscess was present on
the side of the nose. The patient was given an-
tibiotics and was warned not to press the ab-
scess.

10. The following facts concerning this patient emphasize

why it is important to adequately treat this condition ex-

cept:

A. The skin area between the eye, the upper lip, and the
side of the nose is a hazadrous area to have an in-
fection of the skin.

B. The danger area is drained by the facial vein.

C. Interference with a boil by squeezing or pricking it
can lead to spread of the infection and thrombosis of
the facial vein.

D. The facial vein communicates with the cavernous si-
nus via the superior and inferior ophthalmic veins.

E. Cavernous sinus thrombosis can occur by the spread
of infection by the venous blood.

F. The blood in the facial vein is unable to spread up-
ward because of valves.
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11.

A 7-year-old boy with right-sided otitis media
was treated with antibiotics. The organisms did
not respond to the treatment, and the infection
spread to the mastoid antrum and the mastoid
air cells. The surgeon decided to perform a radi-
cal mastoid operation. After the operation it was
noticed that the boy’s face was distorted.

eration except:

. The mouth was drawn upward to the right.

. He was unable to close his right eye.

. Saliva tended to accumulate in his right cheek.

Cowmwr

mouth.

m

alyzed.

A 43-year-old woman visited her physician com-
plaining of severe intermittent pain on the right
side of her face. The pain was precipitated by ex-
posing the right side of her face to a draft of cold
air. The pain was stabbing in nature and lasted
about 12 hours before finally disappearing.
When asked to point out on her face the area
where the pain was experienced, the patient
mapped out the skin area over the right side of
the lower jaw extending backward and upward
over the side of the head to the vertex.

12. The signs and symptoms in this patient strongly sug-

gested a diagnosis of trigeminal neuralgia except:

A. The skin area where the patient experienced the
pain was innervated by the mandibular division of

the trigeminal nerve.

B. The stabbing nature of the pain is characteristic of

the disease.

C. The trigger mechanism, stimulation of an area that
received its sensory innervation from the trigeminal

nerve, is characteristic of trigeminal neuralgia.

D. Examination of the actions of the masseter and th=
temporalis muscles showed evidence of weakness

on the right side.
E. The patient experienced hyperesthesia in the distri
bution of the right auriculotemporal nerve.

A 10-year-old boy was playing darts with his
friends. He bent down to pick up a fallen dart
when another dart fell from the dart board and
hit him on the side of his face. On examination in
the emergency department a small skin wound
was found over the right parotid salivary gland.
Six months later, the boy's mother noticed that
before mealtimes the boy began to sweat pro-
fusely on the facial skin close to the healed dart
wound.

13. The following facts can explain this phenomenon ex-

cept:

A. The point of the dart had entered the parotid salivary
gland and damaged the parasympathetic secreto-

motor fibers to the gland.

B. The secretomotor fibers to the parotid gland arise in

the otic ganglion.

C. The preganglionic parasympathetic fibers originate

The following signs and symptoms would suggest that
the right facial nerve had been damaged during the op-

. The saliva tended to dribble from the corner of his

. All the muscles of the right side of his face were par-
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in the superior salivatory nucleus of the facial nerve.

D. The skin over the parotid salivary gland is innervated
by the great auricular nerve, which was also dam-
aged by the dart.

E. On regeneration of the damaged nerves some of the
parasympathetic nerves to the parotid salivary gland
had crossed over and joined the sympathetic secre-
tomotor nerves to the sweat glands in the distal end
of the great auricular nerve.

F. The patient has Frey's syndrome. 265 s lids a1 Lo 3,531 o o
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A 26-year-old baseball player was struck on the
right side of the head with a ball. The player fell
to the ground but did not lose consciousness.
After resting for an hour and then getting up, he
was seen to be confused and irritable. Later, he
staggered and fell to the floor. On questioning,
he was seen to be drowsy, and twitching of the
lower left half of his face and left arm was noted. e R, . ) .
BILan (ol el Audlond) ylse (B35 pauds G5 auog @3 aat.14
tae Le 2L
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B. The posterior branch of the middle meningeal artery &) 54/ e

may be sectioned at the site of the fracture. oL o Lo gy Sl Ol s e 9,50 6 .B
C. Arterial hemorrhage outside the meningeal layer of i <
the dura mater may occur. ’
D. A large blood clot outside the dura_can exert pres-
sure on the lower end of the precentral gyrus.
E. The lower end of the precentral gyrus or motor area
supplies the facial muscles and the muscles of the
upper limb.

14. A diagnosis of extradural hemorrhage was made based
on the following facts except:

A. A minor blow on the side of the head can easily frac-

ture the thin anteroinferior part of the parietal bone.

.:,au_-trstmu‘_au,u@u Sus i m M el .C

e Ao Lo 13 7 )Lt 5.5 i pes 55 (i 6D
a5 Ll Caalel) 2l

ss.)md}luuul‘éf{}lrptwi,uwwwwl .E
(Sl O el ey A I Sanl) Lnani

A 49-yeat-old woman was found on ophthalmo-
scopic examination to have edema of both optic
discs {bilateral papilledema) and congestion of
both retinal veips. The cause of the condition
was found to be a rapidly expanding intracranial
tumor.
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15. The following facts concerning this patient are correct e Le doniouio Gl Aol A0 @iland JS - 15
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A. An intracranial tumor causes a rise in cerebrospinal S 5

fluid pressure. " "
B. The optic nerves are surrounded by sheaths derived ~ sLaally & 5! P e it sl 4 olaeY B2 B
A Wy 5 S

from the pia mater, arachnoid mater, and dura
mater.

C. The intracranial subarachnoid space extends for- ikl i) {.Lﬂu J_,.J el J—HJ uy_(_’ﬁ e oz .C
:g?]rgctlharound the optic nerve for about half its Lu‘* i ;o Fgdl i
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as the vein crosses the extension of the subarach-
noid space around the optic nerve.
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E. Because both subarachnoid extensions are continu-
ous with the intracranial subarachnoid space, both
eyes will exhibit papilledema and congestion of the
retinal veins.
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A 52-year-old man was eating his dinner in a
seafood restaurant when he suddenly choked on
a piece of fish. He gasped that he had a bone
stuck in his throat.

16. Assuming that the fish bone was stuck in the piriform
fossa, the following facts are correct except:

A. The piriform fossae lie on either side of the entrance
into the larynx.

B. The mucous membrane lining the piriform fossae is
sensitive and innervated by the recurrent laryngeal
nerve.

C. The piriform fossa is bounded laterally by the thyroid
cartilage and the thyrohyoid membrane.

D. The piriform fossa is bounded medially by the
aryepiglottic fold.

E. The piriform fossa leads inferiorly into the esopha-
gus.
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Answers to Clinical Problems

i

. A. The lymph drains from the tonsil into the jugulodi-

gastric member of the deep cervical lymph nodes.

E. The thyroid gland lies deep to the sternothyroid mus-

cles.

E. The submental lymph nodes are not covered by the

superficial parts of the submandibular salivary glands.

. C. The genioglossus muscles arise from the superior
mental spines behind the symphysis menti of the
mandible.

. F. The vestibular folds of the larynx are fixed and red-

dish and the vocal folds are mobile and whitish.

B. The genioglossus muscle is supplied by the hy-

poglossal nerve.

. C. The spinal part of the accessory nerve lies superficial
to the levator scapulae muscle in the posterior triangle
of the neck.

8. D.The cricothyroid muscle is innervated by the external

laryngeal nerve, which was damaged in this patient.

9. B. The hematoma was located deep to the periosteum

of the occipital bone.

10. F.The facial and ophthalmic veins do not possess valves
so that infected blood from the face can spread to the
cavernous sinus.

11. A. The facial muscles on the left side of the mouth on
contraction pull the mouth upward and to the left be-
cause the muscles on the right side were paralyzed.

12. D. The motor portion of the trigeminal nerve is unaf-

fected in patients with trigeminal neuralgia.
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13. C. The secretomotor fibers to the parotid salivary gland
originate in the inferior salivatory nucleus of the glos-
sopharyngeal nerve.

14. B. The anterior branch of the middle meningeal artery
may be sectioned at the site of the fracture.

15. C. The intracranial subarachnoid space extends for-
ward around the optic nerve as far as the back of the
eyeball.

16. B. The mucous membrane lining the piriform fossa is in-
nervated by the internal laryngeal branch of the supe-
rior laryngeal nerve from the vagus.
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National Board Type Questions

Multiple Choice:

1.
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The following muscles of the pharynx receive their
motor innervation from the pharyngeal plexus via the
cranial part of the accessory nefve except the:

A. Superior constrictor

B. Palatopharyngeus

C. Stylopharyngeus

D. Middle constrictor

E. Salpingopharyngeus

. Which of the following muscles elevate the soft palate

during swallowing?

A. Tensor veli palatini
B. Palatoglossus

C. Palatopharyngeus
D. Levator veli palatini
E. Salpingopharyngeus

. Which of the following muscles partially inserts on the

articular disc of the temporomandibular joint?
A. Medial pterygoid

B. Anterior fibers of temporalis

C. Masseter

D. Posterior fibers of temporalis

E. Lateral pterygoid

. Assuming the patient’s eyesight is normal, in which

cranial nerve is there likely to be a lesion when the di-
rect and consensual light reflexes are absent?

A. Trochlear nerve

B. Optic nerve

C. Abducent nerve

D. Oculomotor nerve

E. Trigeminal nerve

. A patient is unable to taste a piece of sugar placed on

the anterior part of the tongue. Which cranial nerve is
likely to have a lesion?

A. Hypoglossal

B. Vagus

C. Glossopharyngeal

D. Facial

E. Maxillary division of trigeminal

. On asking a patient to say “ah,” the uvula is seen to be

drawn upward to the right. Which cranial nerve is
likely to be damaged?

A. Left glossopharyngeal

B. Right hypoglossal

C. Left accessory

D. Right vagus

E. Right trigeminal

. When testing the sensory innervation of the face, it is

important to remember that the skin of the tip of the

nose is supplied by the:

A. Zygomatic branch of the facial nerve

B. Maxillary division of the trigeminal nerve

C. Ophthalmic division of the trigeminal nerve

D. External nasal branch of the facial nerve

E. Buccal branch of the mandibular division of the
trigeminal nerve
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Select the best response:

8. The following facts concerning the stellate ganglion

are true except:

A. It is formed from a fusion of the inferior cervical
ganglion with the first thoracic ganglion.

B. It has white and gray rami communicantes, which
pass to spinal nerves.

C. The large anterior tubercle of the transverse pro-
cess of the fifth cervical vertebra is an important
surface landmark when performing a stellate gan-
glion block.

D. ltliesin the interval between the transverse process
of the seventh cervical vertebra and the neck of the
first rib.

E. Itis located behind the vertebral artery.

. The following facts concerning the chorda tympani

are correct except:

A. It contains parasympathetic postganglionic fibers.

B. It contains special sensory (taste) fibers.

C. It joins the lingual nerve in the infratemporal fossa.

D. It is a branch of the facial nerve in the temporal
bone.

. It carries secretomotor fibers to the submandibular
and sublingual salivary glands.

&3]

. The following facts concerning the pituitary gland (hy-

pophysis cerebri) are true except:

A. It is separated from the optic chiasma by the di-
aphragma sellae.

B. The sphenoid sinus lies inferior to it.

C. It receives its arterial supply from the internal
carotid artery.

D. It is suspended from the floor of the third ventricle
by the pars anterior.

E. It is deeply placed within the sella turcica of the
skull.

. The following facts concerning the submandibular

lymph nodes are correct except:

. They drain into the deep cervical lymph nodes.

. They drain the tip of the tongue.

. They drain the skin of the forehead.

. They are situated on the superficial surface of the
submandibular salivary gland.

E. They drain the mucous membrane lining the

cheek.

oWy

. The following facts concerning the cervical part of the

esophagus are true except:

A. The sensory nerve supply is the recurrent laryngeal
nerve.

B. The lymph drains into the deep cervical lymph
nodes.

C. It is the site of an important portal-systemic anasto-
mosis.

D. The lumen is narrowed at the junction with the
pharynx.

E. It begins at the level of the cricoid cartilage, oppo-
site the body of the sixth cervical vertebra.

. The following statements concerning the parotid sali-

vary gland are true except:

A. The facial nerve passes through it, dividing the
gland into superficial and deep parts.

B. The secretomotor nerve supply is derived from the
facial nerve.

C. The parotid duct pierces the buccinator muscle
and opens into the mouth opposite the upper sec-
ond molar tooth.
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D. The external carotid artery divides within its sub- ol 28l s alll S Ol sy gl e D

stance to form the superficial temporal and maxil- ; ;
lary arteries. ) gl (Sdlly et
E. The retromandibular vein is formed within it by the =¥l 5LE1 oa il Glill Calos ) 0 ISC23 Wgisle mz B
};]nai%nvoefi;hesuperﬁcial temporal vein and the max- (Sl Sy e sl
14. The following facts concerning the head and neck are 4o AU GilGodl pten 3latlg il dly Glais Lous . 14
true except: Huele

A. The mastoid process of the temporal bone cannot " : . : SR
be palpated in the newbomn. BV Eye e i (daal) Jladl oW e SeY LA

B. The deep cervical lymph nodes are situated in the el ol Jyb e Gl 3 dheaal) 35 ) dialll i)l w5 . B
neck along a line that extends from the midpoint &Ll 4,415 Sl (510 55,5 o Aol ) BLA Caazia e

between the tip of the mastoid process and the an- z - N » A = ;
gle of the mandible down to the sternoclavicular i G g pad Jalll oy i
joint. Syl e Gl 3 JaeW i alall o ) 1 2. C
C. The external jugular vein runs down the neck from B ez )
the angle of the jaw to the middle of the clavicle. o gl . ol s
D. The parotid duct opens into the mouth opposite the Al U o I ol il e 2SN SRl 30 puzis D
upper second molar tooth. el Gocall o5l ey a2 ) e g"u{ﬁ gAY o S E
E. The anterior fontanelle can be palpated in a baby S hiall S CL’J*‘J S Akl H"—‘"J Eall

between the squamous part of the temporal bone, .~ U P i ] i
the parietal bone, and the greater wing of the sphe- a1 Gy sl G L 3 Bt § il i 5 F
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F. The roots of the brachial plexus emerge into the

posterior triangle of the neck between the scalenus e Lty Aoviono 2L Chliall ptes Olulily Blats Lesd .15

anterior and scalenus medius muscles. Ol e Candl p Ypand Lt 6Y2e dazd LA
15. The following statements concerning the tongue are  —andl ;1o L ani 2§ B ladol) CRPRUPREIIRY .
true except: et L)
A. The intrinsic muscles of the tongue are innervated ) ) W
by the hypoglossal nerve. el L1 bl e fe o QL il S0, . C
B. The taste buds of the vallate papillae are innervated (5 pedll
by the glossopharyngeal nerve, S e b ol X it
C. The posterior third of the tongue forms part of the Al g gl e il gl a5 D
anterior wall of the oral pharynx. oY) ntliaal Aty LWy ool L o2 E
D. Lymphoid tissueis found on the anterior two-thirds LaaS” pnsl il

of the dorsum of the tongue.
E. The tongue is pulled backward and upward by the (o Lg22lgs Le ) Jawii 2 A guiomti glowdi Odliac 331y L 4
two styloglossus muscles. N ¥ ’ ' sl laasi
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Match the muscles of the orbit listed below with the c@plalt (pas ) dadl,t1.16
appropriate nerve supply: T -

Jauland) Ad ity 17
16. Levator palpebrae superioris I I
17. Inferior oblique o o3} agiial |, 18

18. Lateral rectus Jdaglal) s, itf .19
19. Superior oblique . B .
20. Orbicularis oculi TRy WA 20
A. Facial nerve JPJ’“ —asll LA
B. Trochlear nerve S5 2 B

C. Trigeminal nerve

D. Oculomotor nerve g e aal .C

E. Abducent nerve gl 3 ad D
Adadl zall B
Match the cranial nerves listed below with the appropriate (e gl Lo pa Jawd| 2 A giand) Audmiall Cluac! 3019 ¢
openings in the skull, through which each nerve exits from the whaae¥i o | VY S ke (P DEPEN | 2 acwlil) Olaiad)
cranial cavity: ) E = §
T i | - |
21. Mandibular division of the trigeminal . . e I sl g
22 Vagus 35 Culie cuanll o] KAl pludiy .21
23. Abducent el 22
24. Ophthalmic division of the trigeminal ’
25. Maxillary division of the trigeminal -Hadl 23
26. Oculomotor gl e cuaall ualf aluwdiY) .24
3191 Culie uuaall (golall Al pludsy .25
il &yt .26
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. Superior orbital fissure
. Foramen rotundum

. Foramen ovale

. Jugular foramen

E. None of the above

== Mg Weaipn -2

Match the foramen in the skull below with the bone in which it
is located:

27,
28.
29.
30.
31
32
33.

Optic canal
Carotid canal
Foramen spinosum
Hypoglossal canal
Foramen rotundum
Facial nerve canal
Foramen magnum

A. Sphenoid

B. Occipital

C. Temporal

D. Frontal

E. None of the above

Match the muscles of the tongue listed below with the
appropriate chief action of the muscles; the lettered answers
may be used more than once:

34

. Genioglossus

35. Hyoglossus
36. Styloglossus

37. Palatoglossus
38. Transverse glossal

o

A. Retracts the tongue upward and backward
B. Protrudes the tongue

C. Depresses the tongue

D. None of the above
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1B Al 973 608
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RS g Auas .29
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s A
RPRE .B
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a1 Jaalt s Jaal| 2 A gl Gluall) G3biac (G2l +
ot | plinical (pSian) AL Didliaall (pe Alias JSI bl
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Aol A, Y136
Al Ay .37
A yadt A0Lalyf 38
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Answers to National Board Type Questions

A 31 C .21
C .32 D .22
B .33 A 23
B .34 A .24
€.35 B .25
A 36 A .26
A .37 A 27
D .38 C .28

A .29

B .30

B .11 G
G2 D.2
B .13 E 3
E .14 D 4
D :15 D5
D .16 €6
D .17 (&
E .18 C 3
B .19 A9
A .20 D.10
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