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How to Use This Text
Examinations are a means of strengthening our
intellect. This text is a tool to help prepare stu-
dents for taking the National Board Dental Exams
and to point out strengths and weaknesses so they
can better use their study time. This text is not
meant to replace years of professional training or
give away questions so that students may pass
exams if they memorize the answers. Instead, this
book will help direct students to the topic areas
that they may need to review and strengthen
knowledge and exam-taking skills.

Dental schools do well in preparing their students
for practice and for board exams. In addition, for
many colleges there is a good correlation between
students who do well in their dental courses and
those who score well on their board exams.
Therefore to best prepare for board exams, stu-
dents should focus on doing well in their courses. It
is also in the best interest of students to focus more
study time for their board exams on the areas in
which they have not scored as well in their dental
coursework. This is good news for students, since
most are aware of their areas of weakness and there-
fore have the opportunity to focus more resources
on these areas when studying for boards.

Board Examinations Are Like Marathons
Taking most board exams is similar to running a
marathon; they take both mental and physical
stamina, and one should prepare for them like one
would prepare to partake in a long-endurance
event. If one has never run a mile before, he or she
cannot expect to prepare adequately in only one
week for a 26-mile race. Therefore, preparation in
advance is essential.

Helpful Hints for Preparing to Take Your Board
Examinations
1. Know your weaknesses, and focus more of your

resources on strengthening these areas. Look
back at your grades from the courses that
relate to the exam topics. These will indicate
areas that need more attention. Also, use this
book as a trial run to help point to content
areas that may need more review.

2. Practice makes perfect. Just rereading old
course notes may not be enough. The skill of tak-
ing an exam is more about pulling information
from your brain, not stuffing more information
into it. Therefore, when practicing to take board
exams, practice retrieving information from your
brain by taking practice exams. You can do this
in several ways: study with others by asking
each other questions; test yourself with flash-
cards or notes that are partially covered from
view; or answer questions from this text. In each
case, be sure to check your answer to find out
whether you achieved the correct answer.

3. Practice answering examination questions in
the same environment in which the test will be
given. In other words, most board exams are
not given in your living room with the TV or
stereo blaring; therefore, do not practice in this
environment. Consider practicing in an envi-
ronment like the exam location and using the
exam questions from this text.

4. If possible, eat and sleep well during the weeks
before the exam. It is difficult to compete suc-
cessfully in a marathon if one is malnourished
or sleep deprived. Set regular bedtimes and
eating schedules so that your routine stays as
familiar and comfortable as possible.
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5. If you have a regular exercise routine, stick to it.
It will help you deal with the additional stress
and provide consistency in your life.

6. Block off time for practice examinations, such
as the review questions and sample exam in
this text. Try to use the same amount of time
and the same number of questions that will be
given during the actual exam. This will help pre-
pare you for the amount of pressure in the
exam environment.

7. Stay away from naysayers and people who cre-
ate hype around the board exams. Some of
these people may have their own interests in
mind. (Are they representing a board review
company? Are they the type of person who
makes themselves feel better by making others
feel worse?) Instead, find people who are posi-
tive and demonstrate good study behaviors.
Consider making a study group of people who
are able to help the other members in the group
stay positive.

8. If your school offers board reviews, consider
taking them. These may assist you with build-
ing your confidence with what material you
have already mastered and may help you focus
on material that you need to spend more time
studying.

Helpful Hints for Taking Practice Examinations
and Full Exams
1. It is important to note that questions that are

considered “good” questions by examination
standards will have incorrect choices in their
answer bank that are very close to the correct
answer. These wrong choices are called “dis-
tracters” for a reason; they are meant to distract
the test taker. Because of this, some test takers
do better by reading the question and trying to
guess the answer before looking at the answer
bank. Therefore, consider trying to answer
questions without looking at the answer bank.

2. Cross out answers that are obviously wrong.
This will allow a better chance of picking the
correct answer and reduce distraction from the
wrong answers.

3. Only go back and change an answer if you are
absolutely certain you were wrong with your pre-
vious choice, or a different question in the same
exam provides you with the correct answer.

4. Read questions carefully. Circle or underline
negative words in questions, such as “except,”
“not,” and “false.” If these words are missed
when reading the question, it is nearly impossi-
ble to get the correct answer; marking these
key words will make sure you do not miss them.

5. If you are stuck on one question, consider
treating the answer bank like a series of
true/false items relevant to the question. Most
people consider true/false questions easier
than multiple choice. At least if you can elimi-
nate a few choices, you will have a better
chance at selecting the correct answer from
whatever is left.

6. Never leave blanks, unless the specific exam
has a penalty for wrong answers. It is better to
guess wrong than leave an item blank. Check
with those giving the examination to find out
whether there are penalties for marking the
wrong answer.

7. Some people do better on exams by going
through the exam and answering known ques-
tions first, and then returning to the more dif-
ficult questions later. This helps to build
confidence during the exam. This also helps
the test taker avoid spending too much time
on a few questions and running out of time on
easy questions that may be at the end.

8. Pace yourself on the exam. Figure out ahead of
time how much time each question will take to
answer. Do not rush, but do not spend too
much time on one question. Sometimes it is
better to move to the next question and come
back to the difficult ones later, since a fresh
look is sometimes helpful.

9. Bring appropriate supplies to the exam. If you
get distracted by noise, consider bringing ear
plugs. It is inevitable that someone will take
the exam next to the guy in the squeaky chair,
or the one with the sniffling runny nose. Most
exams will provide you with instructions as to
what you may or may not bring to the exam.
Be sure to read these instructions in advance.

10. Some people find that they do better on exams
by marking all of their answers on the test
packet and then transferring answers to the
actual test sheet or exam program. If you do
this, be careful to fill in the answer that corre-
sponds with the question.

11. Make sure that once you have completed the
exam all questions are appropriately filled in.
Find out how many questions there are for
each section before taking the exam, to make
sure you answer the correct number of
questions.

Helpful Hints for the Post-Examination Period
It may be a good idea to think about what you will
be doing after the exam.
1. Most people are exhausted after taking board

exams. Some reasons for this exhaustion may
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be the number of hours, the mental focus, and
the anxiety that exams cause some people. Be
aware that you may be tired, so avoid planning
anything that one should not do when
exhausted, such as driving across the country,
operating heavy machinery or power tools, or
studying for final exams. Instead, plan a day or
two to recuperate before you tackle any heavier
physical or mental tasks.

2. Consider a debriefing or “detoxification” meet-
ing with your positive study partners after the
exam. Talking about the exam afterwards may

help reduce stress. However, remember that
the feelings one has after an exam may not
always match the exam score (e.g., someone
who feels he did poorly may have done well, or
someone who feels he did well may not have.)

3. Consider doing something nice for yourself.
After all, you will have just completed a major
exam. It is important to celebrate this accom-
plishment.

We wish you the very best with taking your
exams and hope that this text provides you with
an excellent training tool for your preparations.
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This review text is intended to aid the study and
retention of dental sciences in preparation for the
National Board Dental Examination. It is not
intended to be a substitute for a complete dental
education curriculum. For a truly comprehensive
understanding of the basic dental sciences, please
consult these supplemental texts.

Anatomical Basis of Dentistry, Second Edition
Bernard Liebgott

Anatomy of Orofacial Structures, Seventh Edition
Richard W. Brand, Donald E. Isselhard

Berne & Levy Princples of Physiology, Fourth
Edition
Matthew N. Levy, Bruce M. Koeppen, Bruce A.
Stanton

Biochemistry, Second Edition
David E. Metzler

Illustrated Anatomy of the Head and Neck, Third
Edition
Margaret J. Fehrenbach, Susan W. Herring

Illustrated Dental Embryology, Histology and
Anatomy, Second Edition
Mary Bath-Balough, Margaret J. Fehrenbach

Molecular Biology
David P. Clark

Oral Anatomy, Histology & Embryology, Third
Edition
B. K. Berkovitz, G. R. Holland, B. J. Moxham

Physiology, Third Edition
Linda S. Costanzo

Rapid Review Gross and Developmental Anatomy
N. Anthony Moore, William A. Roy

Wheeler’s Dental Anatomy, Physiology, and
Occlusion, Eighth Edition
Major M. Ash and Stanley J. Nelson

Additional Resources
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1
Anatomic Sciences

JEAN YANG, JOSEPH W. ROBERTSON

OUTLINE

1. GROSS ANATOMY

2. HISTOLOGY

3. ORAL HISTOLOGY

4. DEVELOPMENTAL BIOLOGY

The anatomic sciences portion of the National
Dental Boards tests the following: gross anatomy,
histology, and embryology. Gross anatomy encom-
passes a wide range of topics, including bones,
muscles, fasciae, nerves, circulation, spaces, and
cavities. Details and diagrams will focus on topics
emphasized on the National Dental Boards. Since
it is out of the scope of this book to cover every
detail, it is recommended that you refer to past
class notes, anatomy texts and atlases, and old
exams for a more thorough understanding of the
information discussed. Only a limited number of
figures and diagrams are included in this text. It
will be helpful to refer to other anatomy texts and
atlases for more figures and diagrams.

1.0 GROSS ANATOMY

1.1 Head and Neck

1.1.1 Oral Cavity

Vascular supply

The main blood supply to the head and neck is
from the subclavian and common carotid arteries.
The origins of these arteries differ for the right and
left sides. From the aorta, the brachiocephalic trunk
branch off and bifurcate into the right subclavian

and right common carotid artery. The left common
carotid artery and left subclavian artery branch off
separately from the arch of the aorta.

A. Subclavian artery
1. Origin: the right subclavian artery arises

from the brachiocephalic trunk. The left
subclavian artery arises directly from the
arch of the aorta.

2. Important divisions:
a. Vertebral artery—supplies the brain

(refer to Internal Carotid section).
b. Internal thoracic artery—descends to

supply the diaphragm and terminates
as the superior epigastric artery, which
helps supply the abdominal wall.

c. Thyrocervical or cervicothyroid trunk—
divides into three arteries: the trans-
verse cervical artery, suprascapular
artery, and the inferior thyroid artery.

d. Costocervical trunk—divides into two
branches: the superior intercostals and
deep cervical arteries, which supply
muscles of intercostal spaces.

e. Dorsal scapular artery—supplies the
muscles of the scapular region.

B. Common carotid artery
1. Origin: the right common carotid branches

from the brachiocephalic trunk. The left
common carotid branches from the arch of
the aorta.

2. The common carotid ascends within a
fibrous sheath in the neck, known as the
carotid sheath. This sheath also contains
the internal jugular vein and the vagus
nerve.

1
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3. Major branches:
a. Both the right and left common carotid

arteries bifurcate into the internal and
external carotid arteries.

b. Note: the carotid sinus baroreceptors
are located at this bifurcation. These
baroreceptors help monitor systemic
blood pressure and are innervated by
cranial nerve (CN) IX.

C. Internal carotid artery
1. Branches of the internal carotid artery, as

well as the vertebral arteries, serve as the
major blood supply for the brain.

2. Origin: the internal carotid divides from
the common carotid artery and continues
in the carotid sheath into the cranium.
Unlike the external carotid artery, it has
no branches in the neck.

3. Major branches:
a. Anterior and middle cerebral arteries:

the internal carotid terminates into
these two arteries. These arteries will
anastamose with the posterior and
anterior communicating arteries to
form the circle of Willis. The circle of
Willis also communicates with the ver-
tebral arteries via the basilar and pos-
terior cerebral arteries (Figure 1–1).

b. Pathology notes: berry aneurysms
most commonly occur in the circle of
Willis, particularly in the anterior com-
municating and anterior cerebral arter-
ies. Strokes often occur from a diseased
middle cerebral artery.

c. Opthalamic artery—supplies the orbital
area and lacrimal gland.

D. External carotid artery
1. Branches of the external carotid artery

supply tissues in the head and neck,
including the oral cavity.

2. Origin: the external carotid artery branches
from the common carotid artery.

3. Major branches (Figure 1–2):
a. Superior thyroid artery

(1) Origin: branches from the anterior
side of the external carotid artery,
just above the carotid bifurcation.

(2) Major branches:
(a) Infrahyoid artery—supplies the

infrahyoid muscles.
(b) Sternocleidomastoid artery—

supplies the sternocleidomas-
toid (SCM) muscle.

(c) Superior laryngeal artery—
pierces through the thyrohyoid
membrane, with the internal
laryngeal nerve, as it travels to
supply the muscles of the larynx.

(d) Cricothyroid artery—supplies
the thyroid gland.

b. Ascending pharyngeal artery
(1) Origin: branches from the anterior

side of the external carotid artery, just
above the superior thyroid artery.

(2) Its branches supply the pharynx,
soft palate, and meninges.

c. Lingual artery
(1) Origin: branches from the anterior

side of the external carotid artery,
near the hyoid bone. It often arises
along with the facial artery, forming
the lingualfacial trunk. It then travels

Anterior communicating
artery

Temporal lobe
Olfactory tract

Posterior
communicating
artery

Internal carotid
artery (cut)

Pons

Vertebral artery

Olfactory bulb

Anterior cerebral artery

Optic chiasm

Middle cerebral artery

Posterior cerebral artery

Anterior spinal artery

Basilar artery

Figure 1–1. Inferior view of the brain:
circle of Willis. (From Moore NA, Roy WA:
Gross and Developmental Anatomy, St.
Louis, Mosby, 2002.)



anteriorly between the hyoglossus
and middle pharyngeal constrictor
muscles.

(2) Major branches:
(a) Suprahyoid artery—supplies

the suprahyoid muscles.
(b) Dorsal lingual artery—supplies

the tongue, tonsils, and soft
palate.

(c) Sublingual artery—supplies the
floor of the mouth, mylohyoid
muscle, and sublingual gland.

(d) Deep lingual artery—supplies
the tongue.

d. Facial artery
(1) Origin: branches from the anterior

side, just above the lingual artery.
(2) Major branches and the structures

they supply are listed in Table 1–1.
e. Occipital artery

(1) Origin: branches from the posterior
side of the external carotid, close to
CN XII.

(2) Branches of the occipital artery
supply the sternocleidomastoid
and suprahyoid muscles, dura
mater, and meninges.

f. Posterior auricular artery
(1) Origin: branches from the posterior

side of the external carotid, near
the level of the styloid process and
superior to the stylohyoid muscle.

(2) Branches supply the mastoid air
cells, stapedius muscle, and internal
ear.

g. Maxillary artery
(1) Origin: branches from the external

carotid in the parotid gland and
travels between the mandibular
ramus and sphenomandibular liga-
ment before reaching the infratem-
poral and pterygopalatine fossa.
From there, the artery divides
around the lateral pterygoid mus-
cle into three major branches: the
mandibular, pterygoid, and ptery-
gopalatine divisions (Table 1–2).

Section 1 Anatomic Sciences ▼ 3

BRANCHES STRUCTURES SUPPLIED

Ascending palatine artery Soft palate, tonsils, pharynx
Tonsillar artery Tonsils, tongue
Glandular artery Submandibular gland
Submental artery Submandibular gland, 

mylohyoid and anterior 
digastric muscle

Inferior labial artery Lower lip
Superior labial artery Upper lip
Lateral nasal artery Nose
Angular artery Eyelids, nose

TABLE 1–1. MAJOR BRANCHES OF THE FACIAL

ARTERY AND THE STRUCTURES THEY SUPPLY

Superficial temporal artery

Transverse facial artery

Angular artery

Maxillary artery

Superior and
inferior labial arteries

Facial artery

Submental artery

Lingual artery
External carotid artery

Superior laryngeal artery
Superior thyroid artery

Inferior thyroid artery

Brachiocephalic trunk

Posterior
auricular
artery

Occipital
artery

Internal carotid
artery

Carotid sinus

Ascending cervical artery
Vertebral artery
Costocervical trunk
Transverse
cervical
artery

Suprascapular
artery

Subclavian
artery

Internal thoracic artery

Figure 1–2. Lateral view of arteries of the
neck and superficial head. (Modified from
Moore NA, Roy WA: Gross and
Developmental Anatomy, St. Louis, Mosby,
2002.)



(2) Branches of the mandibular division:
(a) Deep auricular artery and ante-

rior tympanic artery—supplies
the tympanic membrane.

(b) Inferior alveolar artery (IAA): the
IAA has the same branches and
anatomic pathway as its corre-
sponding nerve, the inferior
aleveolar nerve, a branch of CN
V3, (refer to the inferior alveolar
nerve [IAN] sensory pathway in
the Cranial Nerves section).

(c) Middle meningeal and accessory
arteries—the middle meningeal
artery will travel through the
foramen spinosum to supply the
meninges of the brain and dural
lining of bones in the skull.

(3) Branches of the pterygoid division:
(a) Deep temporal arteries—sup-

ply the temporalis muscle.
(b) Pterygoid arteries—supply the

pterygoid muscles.
(c) Masseteric artery—supplies

the masseter.
(d) Buccal artery—supplies the

buccinator and buccal mucosa.
(4) Branches of the pterygopalatine

division:
(a) The pterygopalatine division

will follow the pterygomaxillary
fissure into the pterygopalatine

fossa, where the artery divides.
Its major divisions include the
posterior superior alveolar
artery, the greater and lesser
palatine arteries, and the infra-
orbital artery. All of these
branches travel and divide with
their corresponding nerves to
the structures they vascularize.
For their anatomic pathways,
refer to the sensory pathways of
their corresponding nerves in
the Cranial Nerves section.

(b) Posterior superior alveolar artery
—supplies the maxillary sinus,
molar, and premolar teeth as well
as the neighboring gingiva.

(c) Sphenopalatine artery—branches
in the pterygopalatine fossa
and travels to the nasal cavity,
where it branches to supply
surrounding structures. Note: it
is most commonly associated
with serious nose bleeds in the
posterior nasal cavity.

(d) Infraorbital artery—the termi-
nation point of the maxillary
artery. Its branches supply the
orbital region, facial tissues, and
the maxillary sinus and maxil-
lary anterior teeth (via the ante-
rior superior alveolar artery).
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BRAN CHES OF THE THREE MAJOR DIVISIONS STRUCTURES SUPPLIED

Mandibular division
Inferior alveolar artery (IAA) branches
Deep auricular artery Tympanic membrane
Anterior tympanic artery Tympanic membrane
IAA (dental branches) Mandibular posterior teeth and surrounding tissues
Mylohyoid artery Mylohyoid muscle, floor of mouth
Incisive artery Anterior teeth and surrounding tissues
Mental artery Chin, lower lip
Middle meningeal artery Meninges of the brain, dura of bones in the skull

Pterygoid division
Deep temporal arteries Temporalis muscle
Pterygoid arteries Pterygoid muscles
Masseteric artery Masseter
Buccal artery Buccinator, buccal mucosa

Pterygopalatine division
Posterior superior alveolar artery Maxillary posterior teeth, maxillary sinus
Infraorbital artery, including anterior Maxillary anterior teeth, orbital area and lacrimal gland

and middle superior alveolar, 
orbital, and facial branches

Greater palatine artery Hard palate, lingual gingiva of maxillary posterior teeth
Lesser palatine artery Soft palate, tonsils
Sphenopalatine artery Nasal cavity

TABLE 1–2. BRANCHES OF THE THREE MAJOR DIVISIONS OF THE MAXILLARY ARTERY AND THE

STRUCTURES THEY SUPPLY



Venous drainage

Deoxygenated blood from the head and neck is
drained from the area by a network of veins that
eventually terminate in the jugular veins. The blood
from the jugular veins is ultimately returned to the
heart via the subclavian and brachiocephalic veins,
which join to form the superior vena cava.

A. Veins of the neck: jugular veins
1. Internal jugular vein

a. The internal jugular vein serves as the
major source of venous drainage of
deoxygenated blood from the head and
neck region. This region consists of
both extracranial tissues and intracra-
nial structures, including the brain.

b. Termination: the internal jugular vein
travels down within the carotid sheath
and joins the subclavian vein to form
the brachiocephalic vein. The brachio-
cephalic vein terminates in the supe-
rior vena cava, which empties into the
right atrium of the heart.

2. External jugular vein
a. The external jugular vein drains

extracranial tissues from the head and
face.

b. Termination: the external jugular vein
terminates into the subclavian vein.

B. Veins of the cranium: venous drainage of the
brain
1. Deoxygenated blood drains from the brain

through a series of dural sinuses.
2. Pathways of deoxygenated blood: blood

from the superior sagittal sinus, inferior
sagittal sinus (via the straight sinus), and

the occipital sinuses drains at the conflu-
ence of sinuses, which is located in the
posterior cranium. From here, the blood
flows through the transverse sinuses to
the sigmoid sinuses, which ultimately
empty into the internal jugular vein. This
pathway is illustrated in Figure 1–3.

3. Note: cerebral spinal fluid is drained via
reabsorption into the superior sagittal
sinus.

C. Veins of the face: venous drainage of the face
and oral cavity (Figure 1–4).
1. Facial vein

a. Serves as the major source of venous
drainage for superficial facial struc-
tures, or the same areas that are sup-
plied by the facial artery.

b. Termination: the facial vein will join
with the retromandibular vein to form
the common facial vein, which drains
into the internal jugular vein.

c. Tributaries: supratrochlear, supraor-
bital, nasal, superior and inferior labial,
muscular, submental, tonsillar, and sub-
mandibular veins.

d. Dental significance: since the facial vein
has no valves to maintain the direction
of blood flow and it communicates with
the cavernous sinus via the superior
ophthalmic and deep facial vein, infec-
tion from the facial vein can travel to
the cavernous sinus and cause severe
medical problems (refer to cavernous
sinus thrombosis, p. 6).

2. Superior and inferior ophthalmic veins
a. Drain tissues of the orbit.

Section 1 Anatomic Sciences ▼ 5

Cerebral veins

Falx
cerebri

Straight
sinus

Tentorium
cerebelli

Confluence of sinuses

Occipital sinus
Left transverse
sinus

Internal
jugular vein

Left
sigmoid
sinus

Great
cerebral
vein

Inferior
sagittal sinus

Superior
sagittal sinus

Ophthalmic
veins

A B

Sphenoparietal
sinus

Inferior
petrosal
sinus

Superior
petrosal
sinus

Sigmoid
sinus

Transverse
sinus

Confluence
of sinuses

Straight
sinus

Jugular
bulb

Basilar
plexus

Cavernous
sinus

Intercavernous
sinus

Figure 1–3. Dural venous sinuses. Arrows note the direction of blood flow. (From Moore NA, Roy WA: Gross and
Developmental Anatomy, St. Louis, Mosby, 2002.)



b. Communicate with the facial vein via
the supraorbital vein.

c. Termination: facial vein and cavernous
sinus.

3. Retromandibular veins
a. Formed by the joining of the maxillary

and superficial temporal veins in the
parotid gland.

b. Termination: the retromandibular vein
bifurcates into an anterior and poste-
rior division. The anterior division
descends and joins the facial vein to
become the common facial vein,
which terminates into the internal
jugular vein. The posterior division
terminates into the external jugular
vein.

4. Pterygoid plexus
a. A network of veins located at the level

of the pterygoid muscles that drains
deoxygenated blood from deep facial
tissues, including the intraoral cavity,
and the meninges.

b. Termination: drains into the retro-
mandibular vein via the maxillary veins.

c. Tributaries include middle meningeal,
infraorbital, sphenopalatine, muscular,
buccal, palatine, inferior alveolar, and
deep facial veins.

5. Cavernous sinuses
a. Located on both sides of the sella tur-

cica of the sphenoid bone. The right
and left cavernous sinuses are joined
by the intercavernous sinuses.

b. Tributaries include the ophthalmic and
external cerebral veins, the sphenopari-
etal sinuses, and the pterygoid plexuses.

c. Structures running through the cav-
ernous sinus include CN III, IV, V1, V2, VI,
and the internal carotid artery (Figure
1–5). Note: these nerves and the struc-
tures they innervate can be affected by a
cavernous sinus infection.

d. Termination: the superior and inferior
petrosal sinuses. The petrosal sinuses ulti-
mately drain into the internal jugular vein.
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Superficial temporal vein

Transverse facial vein

Supraorbital vein

Angular vein

Maxillary vein

Superior and
inferior labial
veins

Facial vein

Common facial vein

Internal jugular vein

Occipital
vein

Posterior
auricular vein

Retromandibular
vein

External jugular
vein

Subclavian vein

Anterior jugular vein

Jugular venous arch

Figure 1–4. Lateral view of veins of the
neck and superficial head. (From Moore NA,
Roy WA: Gross and Developmental Anatomy,
St. Louis, Mosby, 2002.)
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in the
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CN VI
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Figure 1–5. Coronal aspect of the
cavernous sinus with its contents
noted.



e. Cavernous sinus thrombosis: since
blood flow in the cavernous sinus is
slow-moving, dental or eye infections
that spread to the cavernous sinuses
can result in an infective blood clot,
called cavernous sinus thrombosis. This
can result in an urgent, and possibly
fatal, medical emergency. The infection
has the potential to spread as a result of
certain venous communications with
the cavernous sinus, including:
(1) Superior ophthalmic vein—drains

into the cavernous sinus. The supe-
rior ophthalmic vein can also act as
a passageway for infection to
spread from the facial vein to the
cavernous sinus, since they are
joined via the angular vein.

(2) Deep facial vein—drains into the
pterygoid plexus of veins, which in
turn drains into the cavernous
sinus. The deep facial vein is a trib-
utary of the facial vein.

Lymphatic drainage

A. Lymphatic drainage of the head and neck is
accomplished through a series of lymphatic
vessels and lymph nodes. Lymph from a
region is first drained into a primary lymph
node, then a secondary lymph node, and ulti-
mately ends up in the venous circulation.
1. Superficial lymph nodes

a. Submandibular nodes
(1) Located beneath the angle of the

mandible.
(2) Secondary node: the submandibular

nodes will drain into the deep cervi-
cal lymph nodes.

(3) Tissues drained include the lower
eyelids, nose, cheek, maxillary sinus,
upper lip, palate, sublingual and sub-
mandibular glands, tongue body, all
the maxillary teeth except the third
molar, and all the mandibular teeth
except the incisors.

b. Submental nodes
(1) Located beneath the chin.
(2) Secondary node: lymph from the

submental lymph nodes drains into
the submandibular or deep cervical
lymph nodes.

(3) Tissues drained include the lower lip,
mandibular incisors, floor of the
mouth, the tongue apex, and the chin.

c. Superficial parotid nodes
(1) Located on the surface of the

parotid gland.
(2) Secondary node: deep cervical

lymph nodes.
(3) Tissues drained include the scalp, eye-

lids, external ear, and lacrimal gland.
d. Retroauricular nodes

(1) Located adjacent to the mastoid
process.

(2) Secondary node: deep cervical nodes.
(3) Tissues drained include the scalp

and external ear.
e. Occipital nodes

(1) Located at the occipital region of the
skull.

(2) Secondary node: deep cervical nodes.
(3) Tissues drained include the scalp.

B. Deep lymph nodes
1. Retropharyngeal nodes

a. Located within the retropharyngeal
space.

b. Secondary node: superior deep cervi-
cal nodes.

c. Tissues drained include the hard and
soft palate, paranasal sinuses, nasophar-
ynx, and the nasal cavity.

2. Deep parotid nodes
a. Located within the parotid gland.
b. Secondary node: deep cervical nodes.
c. Tissues drained include the parotid

gland and middle ear.
C. Deep cervical nodes

1. The chain of deep cervical nodes extends
vertically down the entire length of the
neck. They receive lymph from both
superficial and deep lymph nodes.

2. Termination
a. The left deep cervical chains form the

left jugular lymph trunk, which termi-
nates in the thoracic duct.

b. The right deep cervical chains form the
right jugular lymph trunk, which termi-
nates in the right lymphatic duct.

1.1.2 Cranial Nerves

Basic principles and definitions

A. Basic principles and definitions
1. There are 12 cranial nerves; they are

listed in Table 1–5.
2. Function: cranial nerves function as sen-

sory and/or motor neurons. Four cranial
nerves (CN III, VII, IX, and X) also have
parasympathetic functions (Table 1–5).
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3. Foramen: a hole in bone. In this context, it
specifically refers to the opening where a
particular nerve passes through in the
skull.

4. Ganglion: group of nerve cell bodies
found outside the central nervous sys-
tem (CNS).

5. Reflexes: cranial nerves also serve as affer-
ent and efferent nerves for certain reflexes
associated with the head and neck. These
nerve reflexes are summarized in Table 1–6.

B. Cranial nerve pneumonics
1. Cranial nerves: “Oh, Oh, Oh, To Touch and

Feel Very Good, Very Awesome Humps.”
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STRUCTURES 
LOCATION DRAINED

Superior deep Inferior to the Maxillary third 
cervical lymph anterior border of the molars
nodes sternocleidomastoid Nasal cavity

muscles Palate
Tongue

Deep parotid Middle ear Deep cervical 
nodes Parotid gland nodes
Retropharyngeal Posterior pharynx, Nasal cavity
lymph nodes at the level of Palate

C1 vertebrae Sinuses
Pharynx

TABLE 1–4. DEEP LYMPH NODES

NERVE SENSORY MOTOR PARASYMPATHETIC

CN I Olfactory X — —
CN II Optic X — —
CN III Oculomotor — X X
CN IV Trochlear — X —
CN V Trigeminal X X —
CN VI Abducens — X —
CN VII Facial X X X
CN VIII Vestibulocochlear X — —
CN IX Glossopharyngeal X X X
CN X Vagus X X X
CN XI Accessory — X —
CN XII Hypoglossal — X —

TABLE 1–5. SUMMARY OF THE CRANIAL NERVES

PRIMARY NODE TISSUES DRAINED SECONDARY NODE

Submandibular nodes Lower eyelids Deep cervical nodes
Nose
Cheek
Maxillary sinus
Upper lip
Palate
Sublingual gland
Submandibular gland
Maxillary teeth, except third molar
Mandibular teeth, except incisors
Tongue body

Submental nodes Lower lip Submandibular or deep cervical nodes
Mandibular incisors
Floor of the mouth
Tip of the tongue
Chin

Superficial parotid nodes Scalp Deep cervical nodes
Eyelids
External ear
Lacrimal gland

Retroauricular nodes Scalp Deep cervical nodes
External ear

Occipital nodes Scalp Deep cervical nodes

TABLE 1–3. SUPERFICIAL LYMPH NODES
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2. Function: “Some Say Marry Money, But My
Brother Says Big Brains Matter More.” For
example: CN I is Sensory, CN II is Sensory,
CN III is Motor, CN IV is Motor, CN V is Both
sensory and motor, and so forth.

Cranial nerve nuclei

A. Cranial nerve nuclei
1. Nucleus: a group of nerve cell bodies in

the CNS.
2. Brainstem organization

a. The brainstem plays a major role in
transmitting information from the cra-
nial nerves to and from the brain. The
brainstem can be divided into three
parts: the midbrain, pons, and med-
ulla.

b. Cell bodies of cranial nerves that share
common functions are grouped into dif-
ferent clusters or nuclei. These motor
and sensory nuclei are scattered
throughout the brainstem and cervical
spinal cord.

c. The cranial nerve nuclei are listed in
Tables 1–7 and 1–8.

Cranial nerves

A. CN I: olfactory nerve
1. Foramen: cribriform plate of ethmoid bone.
2. Sensory function: smell.
3. Anatomic pathway: from the nasal epithe-

lium, olfactory nerves cross the cribriform
plate to join the olfactory bulb in the brain.

B. CN II: optic nerve
1. Foramen: optic canal.
2. Sensory distribution: vision.
3. Anatomic pathway: there are two optic

nerves. Each optic nerve consists of
medial (nasal) and lateral (temporal)
processes. When the right optic nerve
leaves the retina, its medial process
crosses over the midline at the optic chi-
asm and joins the lateral process from the
left side, forming the left optic tract. The
right lateral process remains on the right
side, and together with the left medial
process forms the right optic tract. The
optic tract continues to the lateral genicu-
late nucleus of the thalamus (Figure 1–6).

4. Note: the central artery of the retina, a
branch of the ophthalmic artery, courses
through the optic nerve.

C. CN III: oculomotor nerve
1. Foramen: superior orbital fissure.
2. Motor distribution: superior, medial, and

inferior rectus muscles, inferior oblique
muscle (Figure 1–7), and levator palpe-
brae superioris, which raises the eyelid.

3. Parasympathetic distribution: lacrimal
gland, sphincter pupillae, and ciliary lens
muscles. The last two control the papil-
lary light reflex (constricts pupil) and

AFFERENT EFFERENT

Corneal (blink) reflex CN V1 CN VII
Gag reflex CN IX CN X
Jaw jerk CN V3 CN V3
Oculocardiac relex CN V1 CN X

TABLE 1–6. REFLEXES

CRANIAL
LOCATION

NERVES MIDBRAIN PONS MEDULLA FUNCTION

Oculomotor nuclei CN III X — — Motor
Edinger-Westphal nucleus CN III X — — Autonomic (parasympathetic)
Trochlear nucleus CN IV X — — Motor
Trigeminal motor nucleus CN V — X — Motor
Abducens nucleus CN VI — X — Motor
Facial (motor) nucleus CN VII — X — Motor
Superior salivatory nucleus CN VII — X — Motor (secretory)
Nucleus ambiguus CN IX, X, — — X Motor

and XI
Dorsal motor nucleus of the vagus CN X — — X Motor and autonomic 

(parasympathetic)
Hypoglossal nucleus CN XII — — X Motor
Accessory nucleus CN XI Located in the cervical spinal cord Motor

TABLE 1–7. CRANIAL NERVE MOTOR NUCLEI
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shape of the lens (constricts for near
vision), respectively.

4. Motor pathway: oculomotor nerve fibers
run through the oculomotor nucleus in
the midbrain to the extrinsic eye muscles.

5. Parasympathetic pathway: preganglionic
nerve fibers originate at the Edinger-
Westphal nucleus in the midbrain and are
carried by the oculomotor nerve to the
ciliary ganglion, where postganglionic
neurons extend to the lacrimal gland and
eye (Figure 1–8).

Medial (nasal) retina

Lateral (temporal) retina

Optic "nerve"

Optic chiasma
(nasal fibers cross)

Optic tract

Lateral geniculate body

Optic radiations

Visual cortex

Figure 1–6. Optic pathway of CN II.
(Modified from Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St.
Louis, Mosby, 2001.)

Superior rectus
muscle (CN III)

Lateral rectus
muscle (CN VI)

Superior oblique
muscle (CN IV)Inferior rectus

muscle (CN III)

Medial rectus
muscle (CN III)

Inferior oblique
muscle (CN III)

Figure 1–7. Muscles and nerves involved in the coordi-
nation of eye movements.

CRANIAL
LOCATION

NERVES Midbrain Pons Medulla FUNCTION

Mesencephalic nucleus CN V X X — Proprioception, jaw jerk reflex, 
including periodontal ligament 
fibers involved in the reflex

Trigeminal main (chief) CN V — X — Sensory function of CN V, 
sensory nuclei, or descending including touch on the face
tract of CN V Blink reflex

Cochlear nucleus CN VIII — X — Sensory function of CN VIII, 
including hearing

Vestibular nucleus CN VIII — X X Sensory function of CN VIII, 
including body positioning and 
equilibrium

Spinal trigeminal nucleus CN V — X X Sensory of CN V, including pain 
and temperature 

Contains fibers of primary 
sensory neurons

Nucleus of solitary tract, CN VII, IX, — X X Sensory of CN VII, IX, and X, 
or solitary nucleus and X including taste

TABLE 1–8. CRANIAL NERVE SENSORY NUCLEI
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6. Pneumonic: all eye muscles are innervated
by CN III (oculomotor) except SO4LR6 (i.e.,
the superior oblique is innervated by CN
IV and lateral rectus is innervated by CN
VI).

D. CN IV: Trochlear nerve
1. Foramen: superior orbital fissure.
2. Motor distribution: superior oblique mus-

cle, which moves the eyeball laterally and
downward.

E. CN V: Trigeminal nerve
1. Three divisions:

a. V1—ophthalmic nerve.
b. V2—maxillary nerve.
c. V3—mandibular nerve.

2. V1—ophthalmic nerve
a. Foramen: superior orbital fissure.
b. Sensory distribution: cornea, eyes,

nose, forehead, and paranasal sinuses
(Figure 1–9).

c. Sensory pathway: the ophthalmic
nerve branches from the trigeminal
ganglion and exits the skull via the
superior orbital fissure. It then divides
into three major nerves: the frontal,
lacrimal, and nasociliary nerves.

3. V2—maxillary nerve
a. Foramen: foramen rotundum.

b. Sensory distribution: cheek, lower eye-
lid, upper lip, nasopharynx, tonsils,
palate, and maxillary teeth (Figure 1–9).

c. Sensory pathway: the maxillary nerve
branches from the trigeminal ganglion
and exits the skull through the foramen
rotundum. It then passes through the
pterygopalatine fossa, where it commu-
nicates with the pterygopalatine gan-
glion and terminates as the infraorbital
and zygomatic nerves (Figure 1–10,
Table 1–9).

d. Pterygopalatine ganglion: branches of
the pterygopalatine ganglion consist of
sensory, sympathetic, and parasympa-
thetic fibers and include nerves travel-
ing to the lacrimal gland, oral cavity,
upper pharynx, and nasal cavity.

e. Infraorbital nerve: the posterior supe-
rior alveolar nerve branches off the
infraorbital nerve in the pterygopala-
tine fossa. The infraorbital nerve then
passes through the inferior orbital fis-
sure to enter the orbit floor, coursing
along the infraorbital groove toward
the infraorbital canal. In the canal, the
middle superior and anterior superior
alveolar nerves branch off. The infraor-
bital nerve then exits the maxilla via
the infraorbital foramen.

f. Zygomatic nerve: after branching from
the maxillary nerve, the zygomatic
nerve passes through the orbit after
entering from the superior orbital fis-
sure. A nerve branches off to the
lacrimal gland, carrying with it
parasympathetic fibers from the ptery-
gopalatine ganglion (CN VII). The zygo-
matic nerve continues into the
zygomatic canal, where it divides into
the zygomaticofacial and zygomati-
cotemporal nerves. It also travels to
the lacrimal gland.

g. Greater and lesser palatine nerves: the
palatine nerves branch from the ptery-
gopalatine ganglion and descend down
the pterygopalatine canal toward the
posterior palate.

I

II

III

Figure 1–9. Sensory distribution for the three divisions
of the trigeminal nerve. (Modified from Fehrenbach M,
Herring S: Illustrated Anatomy of the Head and Neck, ed 2,
Philadelphia, WB Saunders, 2002.)

Preganglionic
Oculomotor nerve (CN III)

Postganglionic

Edinger-Westphal
nucleus

Ciliary ganglion

Lacrimal gland

Figure 1–8. Scheme of parasympathetic nerve fibers of CN III.
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Ganglionic brs.

&

Pterygopalatine
ganglion

Posterior superior
      alveolar n.

Zygomatic n.
Lacrimal n.

Infraorbital n.

Zygomaticofacial n.

Zygomaticotemporal n.

Palpebral n.

Middle superior
alveolar n.

Anterior superior
alveolar n.

Labial n.

Nasal n.N of pterygoid canal

Greater palatine n.

Lesser palatine n.

Figure 1–10. Branches of the maxillary nerve (CN V2). (Modified from Liebgott B: The Anatomic Basis of Dentistry, ed 2,
St. Louis, Mosby, 2001.)

h. Nasal branches: lateral nasal branches
divide from the pterygopalatine ganglion
toward the posterior nasal cavity. One of
these branches, the nasopalatine nerve,

extends past the septum, through the
nasopalatine canal, and enters through
the palate via the nasopalatine foramen.
It also connects with the greater palatine
nerve near the canine region.

4. V3—mandibular nerve
a. Foramen: foramen ovale.
b. Sensory distribution: lower cheek,

external auditory meatus, the temporo-
mandibular joint (TMJ), chin, lower lip,
tongue, floor of the mouth, and
mandibular teeth (see Figure 1–9).

c. Motor distribution: muscles of mastica-
tion (temporalis, masseter, internal and
external pterygoid muscles), anterior
belly of the digastric, tensor tympani,
tensor veli palatine, and mylohyoid
muscle.

d. Note: the mandibular nerve (V3) is the
largest division of the trigeminal nerve and
is the only one with motor function.

e. Anatomic pathway: both motor and
sensory fibers of the mandibular nerve
exit the skull through the foramen
ovale, where they form the mandibular
trunk. The trunk then divides into an
anterior and posterior division in the
infratemporal fossa. The anterior trunk

V2 BRANCH FUNCTION DISTRIBUTION

Posterior superior Sensory Maxillary second and 
alveolar nerve third molars

Maxillary first molar: 
palatal and 
distobuccal root

Maxillary sinus
Middle superior Sensory Maxillary first and 

alveolar nerve second premolars
Maxillary first molar: 

mesiobuccal root
Anterior superior Sensory Maxillary anterior 

alveolar nerve teeth
Greater palatine Sensory Posterior hard palate

nerve Lingual gingiva of 
maxillary posterior 
teeth

Lesser palatine Sensory Soft palate
nerve Tonsils

Nasopalatine Sensory Anterior hard palate
nerve Lingual gingiva of 

maxillary anterior 
teeth

TABLE 1–9. BRANCHES OF THE MAXILLARY

NERVE (CN V2)



Section 1 Anatomic Sciences ▼ 13

Figure 1–11. Branches of the mandibular division of the trigeminal nerve (CN V3). (Modified from Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)

Temporal branches

Articular branches
to TMJ
Auricular branches

Parasympathetic branches
to parotid gland from
otic ganglion

Auriculotemporal n.

Chorda tympani n.

N to mylohyoid

Inferior alveolar n.

Branches to muscles
of mastication

Ciliary ganglion

(Long) buccal n.

Lingual n.

Submandibular ganglion

Mental n.

further divides into the buccal (or long
buccal), masseteric, lateral pterygoid,
and deep temporal nerves. Divisions of
the posterior trunk include the lingual,
inferior alveolar, and auriculotemporal
nerves (Figure 1–11, Table 1–10).

f. Inferior alveolar nerve (IAN): the IAN
descends lateral to the lingual nerve
and medial pterygoid muscle toward
the mandibular foramen. It stays
medial to the sphenomandibular liga-
ment and lateral to the neck of the
mandible within the pterygomandibu-
lar space. Before entering the foramen,
the mylohyoid nerve branches off. The
IAN then passes through the mandibu-
lar foramen into the mandibular canal,
where it travels with the inferior alveo-
lar artery and vein and forms a dental
plexus, providing innervation to the
mandibular posterior teeth. The IAN
then divides into the mental nerve and
the incisive nerve. The mental nerve
exits the mandible via the mental
foramen, which is usually located
around the apex of the second
mandibular premolar. The incisive

V3 BRANCH FUNCTION DISTRIBUTION

Long buccal nerve Sensory Cheek
Buccal gingiva of 

posterior mandibular 
teeth

Posterior buccal 
mucosa

Lingual nerve Sensory Lingual gingiva of 
mandibular teeth

Floor of mouth
Inferior alveolar Sensory Mandibular posterior 

nerve teeth
Mental nerve Sensory Chin

Lower lip
Anterior labial 

mucosa
Incisive nerve Sensory Mandibular anterior 

teeth
Auriculotemporal Sensory TMJ

nerve External auditory 
meatus

Auricle
Deep temporal Motor Temporalis muscle

nerves, anterior 
and posterior

Masseteric nerve Motor Masseter muscle
Lateral pterygoid Motor Lateral pterygoid 

nerve muscle

TABLE 1–10. BRANCHES OF THE MANDIBULAR

DIVISION OF THE TRIGEMINAL NERVE (CN V3)
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nerve continues toward the mandibu-
lar anterior teeth.

g. Lingual nerve: the lingual nerve
descends toward the base of the
tongue, coursing between the medial
pterygoid muscle and the mandible. It
remains medial to the IAN. The chorda
tympani (a branch from CN VII, con-
taining parasympathetic fibers) joins it
before it meets the submandibular gan-
glion, where it continues toward the
submandibular and sublingual glands.
The lingual nerve continues toward the
tip of the tongue, crossing medially
under the submandibular duct.

h. Auriculotemporal nerve: the auricu-
lotemporal nerve travels posteriorly and
encircles the middle meningeal artery
remaining posterior and medial to the
condyle. It continues up toward the TMJ,
external ear, and temporal region, pass-
ing through the parotid gland and travel-
ing with the superficial temporal artery
and vein. Postganglionic parasympa-
thetic nervous system fibers from the
lesser petrosal branch, a branch from
CN IX, join the auriculotemporal nerve to
the parotid gland.

F. CN VI: Abducens nerve
1. Foramen: superior orbital fissure.
2. Motor distribution: lateral rectus muscle,

which moves the eyeball laterally (i.e.,
abducts the eye) (Figure 1–7).

G. CN VII: Facial nerve
1. Sensory distribution: taste for the ante-

rior two-thirds of the tongue.
2. Motor distribution: muscles of facial

expression.
3. Parasympathetic distribution: sublingual,

submandibular, and lacrimal glands.
4. Anatomic pathway: the facial nerve enters

the internal acoustic meatus, located in
the temporal bone. In the bone, the facial
nerve communicates with the geniculate
ganglion and the chorda tympani nerve
branches off. The facial nerve then contin-
ues and descends to exit the skull via the
stylomastoid foramen. The auricular
nerve and nerves to the posterior belly of
the digastric and stylohyoid muscles
branch off before the facial nerve divides
into five main branches: temporal, zygo-
matic, buccal, mandibular, and cervical
branches (Figure 1–12). These nerves
innervate the muscles of facial expression.

5. Greater petrosal nerve: the greater petrosal
nerve branches from the geniculate gan-
glion, carrying preganglionic parasympa-
thetic fibers in it, and travels through the
foramen lacerum. It is then joined by the
deep petrosal nerve (which contains sym-
pathetic fibers from the carotid plexus)
before it enters the pterygoid canal. It
emerges as the nerve of the pterygoid
canal. The nerve of the pterygoid canal
continues toward the pterygopalatine fossa
in the sphenoid bone, where it meets the
pterygopalantine ganglion (Figure 1–13).
Postganglionic parasympathetic fibers
emerge from the ganglion and continue
toward the lacrimal gland (along the zygo-
matic nerve, a branch of CN V2), and
smaller glands in the nasal cavity, upper
pharynx, and palate (Figure 1–14).

6. Chorda tympani: the chorda tympani
branches from the facial nerve, carrying
both sensory fibers for taste and pregan-
glionic parasympathetic fibers. It exits
from of the temporal bone via the
petrotympanic fissure and joins the lingual
nerve (a branch of CN V3) as it courses infe-
riorly toward the submandibular ganglion
(see Figure 1–13). Postganglionic parasym-
pathetic fibers emerge from the ganglion
and continue toward the sublingual and
submandibular glands (see Figure 1–14).
Sensory fibers also branch from the nerve
and provide taste sensation to the anterior
two thirds of the tongue.

Temporal branch

Zygomatic branch

Buccal branch

Mandibular branch

Cervical branch

CN VII

Figure 1–12. Facial nerve (CN VII): motor branches to
the muscles of facial expression. (Modified from
Fehrenbach M, Herring S: Illustrated Anatomy of the Head
and Neck, ed 2, Philadelphia, W. B. Saunders, 2002.)
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H. CN VIII: Vestibulocochlear nerve
1. Foramen: internal auditory meatus.
2. Sensory distribution: equilibrium, bal-

ance, and hearing.
I. CN IX: Glossopharyngeal nerve

1. Foramen: jugular foramen.
2. Sensory distribution: posterior one-third

of the tongue (taste), pharynx, tonsils,
middle ear, carotid sinus.

3. Parasympathetic distribution: parotid
gland.

4. Motor and sensory pathways: the glos-
sopharyngeal nerve exits the skull via the

jugular foramen. It descends to the supe-
rior and inferior ganglion of CN IX, where
the tympanic nerve of Jacobson (or tym-
panic nerve) branches off. Both ganglia
contain sensory and motor cell bodies. The
glossopharyngeal nerve then continues
inferiorly to provide sensory and motor
function to the posterior tongue, middle
ear, pharynx, stylopharyngeus muscle, and
carotid sinus.

5. Parasympathetic pathway: the tympanic
nerve carries preganglionic parasympa-
thetic fibers toward the tympanic cavity

Lacrimal gland

Pterygopalatine ganglion

Minor glands of nose
and palate

Special sensory taste to
ant. two thirds of tongue

Minor glands of
floor of mouth

Sublingual gland

Deep petrosal n.

Nerve of the
pterygoid canal

Greater petrosal n.

Chorda tympani

Lingual n.−−from V3

Facial nerve (CN VII)

Submandibular gland

Submandibular ganglion

Figure 1–13. Facial nerve (CN VII) branches: greater petrosal nerve and chorda tympani. (Modified from Liebgott B:
The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)

Preganglionic
Greater petrosal nerves
(CN VII)

Postganglionic

Superior salivatory
nucleus Pterygopalatine ganglion

Lacrimal gland

Chorda tympani

Submandibular ganglion

Sublingual and
submandibular glands

Figure 1–14. Scheme of parasympathetic nerve fibers of CN VII.
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and plexus. It continues from there as
the lesser petrosal nerve toward the otic
ganglion, located behind the mandibular
nerve (CN V3). Postganglionic parasympa-
thetic fibers emerge from the ganglion
and travel along the auriculotemporal
branch from CN V3 to the parotid gland
(Figure 1–15).

J. CN X: vagus nerve
1. Foramen: jugular foramen.
2. Motor distribution (with fibers from CN XI):

the laryngeal muscles (phonation, swallow-
ing), all muscles of the pharynx except the
stylopharyngeus, and all muscles of the
palate except the tensor veli palatine.

3. Sensory distribution: posterior one third of
the tongue (taste), heart, lungs, and
abdominal organs.

4. Parasympathetic distribution: heart,
lungs, abdominal organs.

5. Anatomic pathway: the vagus nerve exits
the skull via the jugular foramen at the
medulla. It descends through the superior
and inferior ganglion of the vagus nerve,
giving off branches in the pharynx and
larynx. The vagus nerve descends and is
accompanied by the carotid artery and
jugular vein within the carotid sheath as it
enters the thoracic area. In the thorax, the
right and left vagus nerves then give off the
right and left recurrent laryngeal nerves,
respectively, which both travel back up to
into the neck. The two vagus nerves meet
to form the esophageal plexus. Past the
diaphragm, the joined vagus nerves
(esophageal plexus) divide into the ante-
rior and posterior vagal trunks.

6. Pharyngeal branches: the pharyngeal
nerves branch from the inferior ganglion
of the vagus nerve and travel to provide
motor function to muscles of the pharynx.

7. Superior laryngeal branches: branch from
the vagus nerve just below the inferior

ganglion. They divide into external and
internal laryngeal branches.
a. The external laryngeal nerve provides

motor innervation to the cricothyroid
muscle and inferior pharyngeal con-
strictor muscles.

b. The internal laryngeal nerve travels with
the superior laryngeal artery and pierce
through the thyrohyoid membrane to
provide sensory innervation to mucous
membranes from the base of the tongue
to the vocal folds. The internal laryngeal
nerve also carries parasympathetic
fibers.

8. Recurrent laryngeal branches: the right
recurrent laryngeal nerve ascends back to
the neck around the subclavian artery.
The left recurrent laryngeal nerve passes
around the arch of the aorta or ligamen-
tum arteriosum, before traveling up
between the trachea and esophagus. As
they ascend, the nerves provide sensory
and parasympathetic innervation to
mucous membranes and structures up to
the vocal cords. The nerves then continue
as the inferior laryngeal nerves in the lar-
ynx, providing motor innervation to all
the muscles of the larynx, except the
cricothyroid muscle. A motor branch also
provides innervation to the inferior pha-
ryngeal constrictor muscle.

K. CN XI: Accessory nerve
1. Foramen: jugular foramen.
2. Sensory distribution: sternocleidomas-

toid and trapezius muscles. Also joins
with CN X in supplying motor function to
palatal, laryngeal, and pharyngeal mus-
cles.

L. CN XII: Hypoglossal nerve
1. Foramen: hypoglossal canal.
2. Motor distribution: intrinsic muscles of

the tongue, genioglossus, hyoglossus, and
styloglossus muscles.

Preganglionic

Tympanic and lesser
petrosal nerves (CN IX)

Postganglionic

Auriculotemporal
nerve (CNV3)

Inferior salivatory
nucleus

Otic ganglion

Parotid gland

Figure 1–15. Scheme of parasympathetic nerve fibers of CN IX.
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Spaces and cavities of the 
head and neck

Potential spaces, or fascial spaces, of the head
and neck region are important for a dentist to
know because many of these spaces communicate
with the oral cavity. Odontogenic infections can
therefore spread to these areas.

A. Spaces of the maxillary region
1. Vestibular space of the maxilla

a. Location: between the buccinator mus-
cle and oral mucosa. It is inferior to the
alveolar process.

b. Potential odontogenic source of infec-
tion: maxillary molars.

2. Canine fossa
a. Location: positioned just posteriorly

and superiorly to the roots of the maxil-
lary canines. It remains inferior to the
orbicularis oculi muscle, posterior to
the levator muscles, and anterior to the
buccinator muscle.

b. Potential odontogenic source of infec-
tion: maxillary canines and first premo-
lars.

3. Canine space
a. Location: situated within the superfi-

cial fascia over the canine fossa. It is
posterior to the orbicularis oris muscle
and anterior to the levator anguli oris
muscle.

b. Communications: buccal space.
4. Buccal space

a. Location: between the buccinator and
masseter muscles.

b. Consists of the buccal fat pad.
c. Communications: canine and pterygo-

mandibular spaces and space of the
body of the mandible.

B. Spaces of the mandibular region
1. Vestibular space of the mandible

a. Location: between the buccinator mus-
cle and oral mucosa. It is inferior to the
alveolar process.

b. Potential odontogenic source of infec-
tion: mandibular posterior teeth and
canines.

2. Space of the body of the mandible
a. Location: between the body of the

mandible and its periosteum.
b. Potential odontogenic source of infec-

tion: all mandibular teeth.
c. Communications: buccal, submental,

submandibular and sublingual spaces,
and the vestibular space of the mandible.

3. Masticator space—includes four spaces:
a. Temporal space

(1) Location: between the temporalis
muscle and its fascia.

(2) Communications: infratemporal
and submasseteric spaces.

b. Infratemporal space
(1) Location: laterally, it is bordered by

the mandible and temporalis mus-
cle. Medially, it is bordered by the
lateral pterygoid plate and phar-
ynx. It is inferior to the greater wing
of the sphenoid bone.

(2) Contents: maxillary artery and its
branches, mandibular nerve and its
branches, and the pterygoid plexus.

(3) Infections of the infratemporal
space are considered dangerous
due to the potential of spread of
infection to the cavernous sinus via
the pterygoid plexus.

(4) Potential odontogenic source of
infection: maxillary third molars
and infectious anesthetic needles.

c. Submasseteric space
(1) Location: between the masseter

muscle and mandibular ramus.
(2) Potential odontogenic source of

infection: mandibular third molars
(rare).

(3) Communications: temporal and
infratemporal spaces.

d. Pterygomandibular space
(1) Location: between the medial

pterygoid muscle and mandibular
ramus. It is inferior to the lateral
pterygoid muscle.

(2) Contains the inferior alveolar nerve
and artery, lingual nerve, and
chorda tympani.

(3) This is the site for the inferior alve-
olar nerve anesthetic block.

(4) Potential odontogenic source of
infection: mandibular second and
third molars. Also consider infec-
tious anesthetic needles.

4. Submental space
a. Location: between the anterior bellies

of the digastric muscles. It is superior
to the suprahyoid muscles and inferior
to the mylohyoid muscle.

b. Contains the submental lymph nodes
and anterior jugular vein.

c. Potential odontogenic source of infec-
tion: mandibular central incisor, if the
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apex of the incisor lies below the mylo-
hyoid line. Note: Infection in this space
causes swelling of the chin. If the infec-
tion spreads bilaterally to involve the
sublingual and submandibular spaces,
it is referred to as Ludwig’s angina.

d. Communications: space of the body of
the mandible, submandibular and sub-
lingual spaces.

5. Submandibular space
a. Location: between the mylohyoid and

platysma muscle. It is medial to the
mandible and lateral to the anterior
and posterior bellies of the digastric
muscles.

b. Contains the submandibular lymph
nodes, submandibular salivary gland,
and facial artery.

c. Potential odontogenic source of infec-
tion: mandibular second and third
molars.

d. Communications: infratemporal, sub-
mental, sublingual and parapharyngeal
spaces.

6. Sublingual space
a. Location: between the tongue and its

intrinsic muscles and the mandible. It is
superior to the mylohyoid muscle and
inferior to the sublingual oral mucosa.

b. Contains the sublingual salivary gland,
submandibular salivary gland duct, lin-
gual nerve and artery, and CN XII.

c. Potential odontogenic source of infec-
tion: mandibular anterior teeth, premo-
lars, and mesial roots of the first molars,
presuming that the apices of these teeth
lie above the mylohyoid line.

d. Communications: submental and sub-
mandibular spaces and the space of the
body of the mandible.

C. Spaces of the neck
1. Parapharyngeal space

a. Location: fascial space between the
pharynx and medial pterygoid muscle,
adjacent to the carotid sheath. It
extends to the pterygomandibular
raphe anteriorly, and around the phar-
ynx posteriorly.

b. Communications: masticator, subman-
dibular, retropharyngeal, and previs-
ceral spaces.

2. Retropharyngeal space
a. Location: between the vertebral and

visceral fasciae, just posterior to the
pharynx. It extends from the base of the

skull, posterior to the superior pharyn-
geal constrictor muscle, to the thorax.

b. Because odontogenic infections can
quickly spread down this space into the
thorax, it is known as the danger space.
For example, an untreated infection of a
mandibular incisor, with an apex above
the mylohyoid muscle, may spread
along the following pathway: sublingual
space → submandibular space → lat-
eral pharyngeal or parapharyngeal
space → retropharyngeal space → pos-
terior mediastinum → possible death.

3. Pterygomandibular space
a. Location: between the medial pterygoid

muscle and mandibular ramus. It is infe-
rior to the lateral pterygoid muscle.

b. Contains the inferior alveolar nerve
and artery, lingual nerve, and chorda
tympani.

c. This is the site for the inferior alveolar
nerve anesthetic block.

d. Potential odontogenic source of infec-
tion: mandibular third molars.

e. Communications: parapharyngeal space.

1.1.3 Extraoral Structures

Ear

A. External ear
1. Includes the auricle and external auditory

meatus (Figure 1–16).
2. The external auditory meatus (external

ear) and tympanic cavity (middle ear)
are separated by the tympanic mem-
brane.

3. Tympanic membrane (eardrum)
a. Its external surface is covered by epi-

dermis (skin); its internal surface con-
sists of a mucous membrane.

b. It is transversed by the chorda tympani.
c. Transfers sound vibrations from air to

auditory ossicles.
B. Middle ear

1. Three bones: malleus, incus, and stapes
(see Figure 1–16).

2. Loud sounds cause the tensor tympani
(which attaches to the malleus) to con-
tract, pulling the malleus and tympanic
membrane inward to reduce vibrations
and prevent damage.

C. Internal ear
1. Cochlea

a. Senses hearing.
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b. Receptors (hair cells) for hearing are
located in the organ of Corti. This spiral
organ lies along the cochlear duct, over
the basilar membrane.

2. Vestibule
a. Senses equilibrium.
b. Consists of the utricle and saccule.

3. Semicircular canals—sense balance and
body position (see Figure 1–16).

Eye

Concentric layers or coats (Figure 1–17) and the
lens

A. Fibrous layer
1. Sclera—fibrous covering of the posterior

five-sixths of the eyeball.
2. Cornea—transparent, avascular layer that

covers the center one sixth of the eyeball.

It is more convex than the sclera and
sticks out as a small lump.

B. Vascular coat
1. Lies just behind the fibrous layer.
2. Consists of the choroids, ciliary body, and

iris.
3. The center opening of the iris is the pupil.

The size of the pupil is controlled by two
muscles:
a. Constrictor pupillae muscle—con-

stricts the pupil. It is innervated by PNS
fibers from CN III via the ciliary gan-
glion.

b. Dilator pupillae muscle—dilates the
pupil. It is innervated by sympathetic
fibers.

C. Retina
1. The inner lining of the eyeball.
2. Photosensitive region.

MalleusAuricle

Stapes

Incus

Tensor
tympani

Cochlea
Tympanic
cavity

Auditory
tube

Opening
into
nasopharynx

Tympanic
membrane

External
acoustic
meatus

 
Semicircular canals

Figure 1–16. Right ear: external, middle, and inner
ear. (Modified from Moore NA, Roy WA: Gross and
Developmental Anatomy, St. Louis, Mosby, 2002.)

Anterior chamber

Posterior chamber

Scleral venous sinus

Ciliary zonule

Rectus muscle

Sclera

Central artery and vein of retina 
Optic nerve

Dural sheath
of nerve

Subarachnoid space

Choroid

Optic
retina

Ciliary process

Ciliary body

Iris, retracted

Cornea

Aqueous
humor

Vitreous body

Ora serrata

Optic disc

Macula

Figure 1–17. Right eyeball: superior
view. (Modified from Moore NA, Roy WA:
Gross and Developmental Anatomy, St.
Louis, Mosby, 2002.)



20 ▼ Section 1 Anatomic Sciences

a. Includes area posterior to the ora ser-
rata.

b. Optic disc
(1) Where the optic nerve exits.
(2) Is void of photoreceptors (blind

spot).
c. Fovea centralis

(1) Located approximately 2.5 millime-
ters lateral to the optic disc in a yel-
low-pigmented area (macula luna).

(2) Contains only cones. Vision is most
acute from this area.

(3) Note: as you move peripherally
from this area, there is a decreasing
number of cones and an increasing
number of rods (see Figure 1–17).

3. Cells of the retina
a. Epithelial cells

(1) Comprise the pigment epithelium.
(2) Change every 12 days.

b. Photoreceptors—two types:
(1) Rods

(a) For nondiscriminative vision
(low resolution). They are used
for seeing in the dark and
detecting motion.

(b) Are highly convergent, making
them very sensitive to light
(Figure 1–18).

(c) The density of rods increases
toward the periphery of the
eye. It decreases toward the
center of the eye (macula and
fovea centralis), where there
are a greater number of cones.

(2) Cones
(a) For acute vision (high resolu-

tion). They are also used for
color vision.

(b) Are less convergent, which gives
them higher resolution abilities.

(c) Three types of cones: red,
green, and blue.

(d) The greatest concentration of
cones is at the fovea. This area
only contains cones and is the
area with the highest visual
acuity.

CONES RODS

Photopigment Opsin Rhodopsin
Convergence Low High
Sensitivity to light Low High
Resolution High Low

(3) Photoreceptor membrane poten-
tials
(a) Low light (dark): a constant

amount of cyclic guanosine
monophosphate (cGMP) is
released, causing sodium chan-
nels to open. This causes depo-
larization of the photoreceptor
membrane, which results in the
release of glutamate.

(b) High light: causes decreased
release of cGMP. This results in
the closing of sodium channels,
and the photoreceptor mem-
brane hyperpolarizes.

c. Bipolar cells—synapse with rods and
cones.

d. Ganglion cells—the axons of ganglion
cells combine to form the optic nerve.

e. Amacrine cells
(1) Interneurons that connect bipolar

and ganglion cells. May contribute

Rods converge small 

signals, creating a larger 

response in bipolar 

cells–maximizing sensitivity 

to light, but decreasng visual 

acuity (i.e, low resolution).

RODS: highly convergent CONES: non-convergent

Cones read small signals 

directly–maximizing 

visual acuity (i.e, high 

spatial resolution)

Figure 1–18. Photoreceptors: convergence.
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to bidirectional communication
between these two cells.

(2) May also play a role in detecting
motion.

f. Horizontal cells
(1) Interneurons that connect rods and

cones with each other and with
bipolar cells.

(2) Axons aid in bidirectional commu-
nication between adjacent bipolar
cells.

(3) Communication is via changes in
membrane potential. No action
potential is created.

D. Lens
The lens, by virtue of its shape, controls focus-

ing for near or distant vision. The shape is con-
trolled by:

1. Ciliary muscles. Contraction of these mus-
cles leads to relaxation of:
a. Fibers that suspend the lens, allowing it

to become fatter and to focus for near
vision.

b. Stimulation of the parasympathetic
nerve to the eye leads to contraction of
the ciliary muscles and accommoda-
tion for near vision.

1.1.4 Osteology

Bones

A. The skull
1. There are a total of 22 cranial and facial

bones in the skull (Figure 1–19). Note:
some texts include the ossicles of the ears
(total of six bones) in the total bone count,
for a total of 28 bones in the skull.
a. Cranial bones: ethmoid (1), frontal (1),

occipital (1), parietal (2), sphenoid (1),
temporal (2).

b. Facial bones: inferior concha (2),
lacrimal (2), mandible (1), maxilla (2),
nasal (2), palatine (2), vomer (1),
zygoma (2).

c. Ossicles of the ears: malleus (2), incus
(2), stapes (2).

2. Cranial sutures
a. Coronal suture—joins the frontal and

parietal bones (see Figure 1–19).
b. Sagittal suture—joins the left and right

parietal bones.
c. Lambdoidal suture—joins the parietal

and occipital bones (Figure 1–19).
d. Squamosal suture—joins the parietal

and temporal bones (Figure 1–19).

Coronal
suture

Squamosal
suture

Parietal bone

Sphenoid
bone

Lamboidal
suture

Temporal
bone

Occipital
bone

Zygoma

Mandible

Maxilla

Lacrimal
bone

Nasal
bone

Ethmoid
bone

Frontal
bone

Figure 1–19. Lateral view of the skull: cranial bones and sutures. (Modified from Fehrenbach M, Herring S: Illustrated
Anatomy of the Head and Neck, ed 2, Philadelphia, WB Saunders, 2002.)
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e. Temporozygomatic suture—joins the
zygomatic and temporal bones.

f. Medial palatine suture—joins the left
and right palatine bones.

g. Transverse palatine suture—joins the
maxilla and palatine bones.

3. Sphenoid bone
a. The sphenoid bone is located along the

midline of the cranium. It articulates
with all the cranial bones and four
facial bones: the maxilla, palatine
bones, vomer, and zygoma.

b. The sphenoid bone consists of a body,
greater and lesser wings, and paired
pterygoid processes.
(1) The body contains the sphenoid

sinuses.
(2) The greater wing contributes to the

roof of the infratemporal fossa and
floor of the middle cranial fossa.

(3) The lesser wing contains the optic
canal, anterior clinoid process, and
part of the superior orbital fissure.

(4) The pterygoid process is composed
of two thin plates: the medial and
lateral pterygoid plates. The space
between these two plates is the
pterygoid fossa.

(5) There is a space that forms between
the pterygoid process and maxillae
that is inferior and posterior to the
orbit, called the pterygopalatine
fossa.

c. The sphenoid bone contains many
foramina and fissures. This includes
the foramen ovale, foramen rotundum
and foramen spinosum, and the supe-
rior orbital fissure.

d. Sella turcica—a cradle at the center of
the bone that houses the pituitary gland.

4. Ethmoid bone
a. The ethmoid bone is also located along

the midline of the cranium. It articu-
lates with the frontal, sphenoid, and
lacrimal bones and the maxilla and
vomer.

b. Its structures include the cribriform
plate, perpendicular plate, and the
crista galli.
(1) The cribriform plate serves as the

roof of the nasal cavity and is
pierced by olfactory nerves.

(2) The perpendicular plate, along with
the vomer and nasal septal carti-
lage, form the nasal septum.

c. The ethmoid bone houses the ethmoid
sinuses and forms the superior and
middle nasal conchae.

5. Temporal bone
a. The temporal bone forms the lateral

walls of the skull. It articulates with the
parietal, occipital, sphenoid, and zygo-
matic bones and the mandible.

b. The temporal bone consists of three
portions:
(1) Squamous portion—includes the

zygomatic process of the temporal
bone. The inferior surface of the
zygomatic process is the articular
fossa. Anterior to this fossa is the
articular eminence. This is where
the TMJ articulates.

(2) Petrous portion—includes the mas-
toid and styloid processes, the
jugular and mastoid notches, inner
and middle ear, and the carotid
canal. Foramina include the stylo-
mastoid foramen and the internal
acoustic meatus.

(3) Tympanic portion—includes the
floor and anterior wall of the exter-
nal acoustic meatus. It is separated
from the petrous portion of the
temporal bone via the petrotym-
panic fissure.

6. Maxilla
a. The left and right maxilla fuse to form the

maxillae. The maxillae articulates with
the frontal, lacrimal, nasal, inferior nasal
concha, vomer, zygoma, sphenoid, eth-
moid, and palatine bones (Figure 1–20).

b. Each maxilla consists of a body and
four processes: the frontal, zygomatic,
alveolar, and palatine processes.
(1) The body contains the maxillary

sinuses.
(2) The frontal process:

(a) Contains an orbital surface that
is part of the inferior wall or
floor of the orbit.

(b) It also forms the medial orbital
rim with the lacrimal bone.

(c) A groove, or the infraorbital sul-
cus, is present on the floor of
the orbit. It becomes the infra-
orbital canal and terminates at
the infraorbital foramen.

(d) The inferior orbital fissure sep-
arates the orbital surface from
the sphenoid bone.
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(3) The zygomatic process, along with
the zygoma, forms the infraorbital
rim.

(4) The alveolar process houses roots
of the maxillary teeth. A bony
prominence observed behind the
upper third molar is known as the
maxillary tuberosity.

(5) The right and left palatine processes,
along with the palatine bones, fuse
to form the hard palate (Figure 1–21).
These two processes are separated

by the median palatine suture.
Anterior to this suture is the incisive
foramen.

(6) Note: the posterior hard palate is
covered by a fibrous, tendinous
sheet called the palatine aponeuro-
sis. The midline forms a ridge that is
known as the median palatine
raphe.

7. Mandible
a. The mandible is a single bone that con-

sists of two vertical rami, a horizontal

Ethmoid bone

Lacrimal bone

Frontal process

of maxilla

Infraorbital foramen

Body of maxilla

Vomer

Alveolar process

of maxilla

Mental foramen
Body of mandible

Alveolar process

of mandible

Ramus of mandible

Location of

maxillary sinus

Zygomatic process

of maxilla

Inferior nasal

concha

Infraorbital sulcus

Nasal bone

Frontal bone

Figure 1–20. Anterior view of the skull: anterior aspect of the maxilla and mandible. (Modified from Fehrenbach M,
Herring S: Illustrated Anatomy of the Head and Neck, ed 2, Philadelphia, WB Saunders, 2002.)
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Figure 1–21. Inferior
view of the hard palate.
(Modified from Fehrenbach
M, Herring S: Illustrated
Anatomy of the Head and
Neck, ed 2, Philadelphia,
WB Saunders, 2002.)
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body, and an alveolar process (see Figure
1–20).
(1) Each ramus includes a:

(a) Condyle—articulates with the
mandibular fossa of the tempo-
ral bone to form the TMJ.

(b) Coronoid process—serves as
an attachment for the temporal
muscle.

(2) The anterior border of the ramus
descends from the coronoid
process to the external oblique line.

(3) The horizontal portion of the
mandible consists of the body and
alveolar process, which contain the
roots of the lower teeth. If an imagi-
nary horizontal line were drawn
around the level of the mental
foramen, it would separate the
body from the alveolar process.

b. The mandible provides many surface
landmarks.
(1) From the lateral aspect, important

landmarks include the mental pro-
tuberance, the mental foramen, the
external oblique line, the coronoid
process, and the condyle (Figure
1–22, A).

(2) From the medial aspect, important
landmarks include the mandibular
foramen, lingula, the mylohyoid
line and groove, the submandibular
and sublingual fossa, and the retro-
molar triangle (Figure 1–22, B).

c. Mandibular growth takes place in sev-
eral areas:
(1) The alveolar process and body

increase in width and height.
(2) The mandibular arch is lengthened

by adding bone to its posterior bor-
der of the ramus and removing
bone from its anterior border.

B. Cranial openings
1. Cranial openings include foramina, canals,

and meatus.
2. A summary of important cranial openings

is presented in Table 1–11.
C. The orbit

1. The orbit is the cavity in the skull that
houses and safeguards the eyeball.
Seven cranial and facial bones make up
the walls of each orbit, namely the
frontal, sphenoid, zygomatic, palatine,
ethmoid, maxilla, and lacrimal bones.
A summary of these bones is presented
in Table 1–12.

2. Bony openings of the orbit include the:
a. Optic canal—found at the apex of the

orbit.
b. Inferior orbital fissure—separates the

floor of the orbit from its lateral wall.
c. Superior orbital fissure—lies between

the greater and lesser wings of the
sphenoid bone.

D. The nasal cavity
1. The nasal cavity is divided into two parts

by the nasal septum. Each side contains
three conchae. The superior and middle

Coronoid process

Condylar process

Fovea for lateral pterygoid

Mandibular foramen

Lingula

Fossa for
submandibular
glandMylohyoid lineGenial tubercle

Fossa for
sublingual
gland

Incisor

Canine Premolars Molars

Mental foramen

Alveolar process

Mental symphysis
Body

Ramus

Angle

A

B

Figure 1–22. Landmarks of the mandible. A, Medial view. B, Lateral view. (Modified from Moore NA, Roy WA: Gross and
Developmental Anatomy, St. Louis, Mosby, 2002.)
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conchae are located in the ethmoid bone.
The inferior conchae is a separate bone.

2. Between the conchae are small slit-like
openings, or meatus, which allow commu-
nication between the nasal cavity and
paranasal sinuses or the nasolacrimal
duct. These openings include:

a. Superior meatus—opens into the pos-
terior ethmoid sinus.

b. Middle meatus—consists of several
openings, including the:
(1) Semilunar hiatus—opens into the

frontal, anterior ethmoid, and max-
illary sinuses.

(2) Ethmoid bulla—opens into the mid-
dle ethmoid sinus.

c. Inferior meatus—communicates with
the nasolacrimal duct, which drains
tears from the eye.

d. The sphenoid sinus directly communi-
cates with the nasal cavity.

e. Sphenopalatine foramen—opens into
the pterygopalatine fossa.

E. Fossa
1. Pterygopalatine fossa

a. Boundaries and communications of the
pterygopalatine fossa are listed in
Table 1–13.

b. Communicates with the infratemporal
fossa via the pterygomaxillary fissure.

c. Contents: branches of the maxillary
artery, branches of the maxillary nerve
(CN V2), and the pterygopalatine gan-
glion.

2. Infratemporal fossa
a. Boundaries and communications of the

infratemporal fossa are listed in Table
1–14.

b. Contents: branches of the mandibular
nerve (CN V3), the chorda tympani, the
otic ganglion, branches of the maxillary

FORAMEN BONE CONTENTS

Cribriform plate Ethmoid CN I
Foramen magnum Occipital CN XI and brainstem (medulla); vertebral and spinal arteries
Foramen ovale Sphenoid CN V3
Foramen rotundum Sphenoid CN V2
Foramen spinosum Sphenoid Middle meningeal vessels
Hypoglossal canal Occipital bone CN XII
Incisive foramen Maxilla Nasopalatine nerve
Inferior orbital fissure Sphenoid, maxilla CN V2 (or infraorbital nerve) and zygomatic nerve; infraorbital artery, 

ophthalmic vein
Internal acoustic meatus Temporal CN VII and VIII
Jugular foramen Occipital, temporal CN IX, X, and XI; internal jugular vein
Optic canal Sphenoid CN II; ophthalmic artery
Stylomastoid foramen Temporal CN VII
Superior orbital fissure Sphenoid CN III, IV, V1, and VI; ophthalmic veins

TABLE 1–11. CRANIAL OPENINGS, THEIR LOCATION, AND CONTENTS

ORBITAL 
STRUCTURE BONES COMMUNICATIONS

Roof or Frontal bone—
superior wall orbital plate

Sphenoid bone—
lesser wing

Medial wall Ethmoid bone—
orbital plate

Superior- Lacrimal bone
medial wall

Inferior- Frontal bone—
medial wall orbital plates

Maxilla—orbital 
plate

Lateral wall Zygomatic bone— Superior orbital 
frontal process fissure

Sphenoid bone—
greater wing

Floor or Maxilla—orbital Inferior orbital fissure
inferior wall plate

Zygomatic bone
Palatine bone—

orbital process
Apex Sphenoid bone— Optic canal

lesser wing
Palatine bone

TABLE 1–12. SUMMARY OF THE CRANIAL AND

FACIAL BONES THAT FORM THE ORBIT

CN, cranial nerve; V2 and V3, second and third branch of CN V, respectively.
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artery, the pterygoid venous plexus,
the temporalis, and the lateral and
medial pterygoid muscles.

1.1.5 Muscles

A. Muscles of facial expression: major muscles
and their actions.
1. Eyes and eyebrows

a. Epicranius (occipitofrontalis) muscle—
raises the eyebrows and forehead.

b. Orbicularis oculi—closes the eyelid,
blinking.

c. Corrugator—depresses the eyebrows.
2. Face

a. Buccinator muscle—compresses the
cheek against the teeth and aids in
chewing.

(1) Origin: buccal surface of the maxil-
lary and mandibular alveolar pro-
cesses and the pterygomandibular
raphe.

(2) Insertion: angle of the mouth/lip.
3. Mouth

a. Orbicularis oris—closes and protrudes
upper and lower lips.

b. Levator labii superioris—pulls lip up.
c. Levator labii superioris alaque nasi—

pulls lip up, flares nostrils.
d. Mentalis—protrudes lower lip, tightens

chin.
e. Levator anguli oris—lifts the corner of

the mouth.
f. Zygomaticus major and minor—lift the

corner of the mouth.
B. Muscles of mastication

1. There are four primary muscles of masti-
cation, including the temporalis, the mas-
seter, and the medial and lateral pterygoid
muscles.
a. In general, the temporalis, masseter,

and medial pterygoid muscles elevate
the mandible or close the mouth.

b. The lateral pterygoid muscle is
involved in protrusion, depression, and
lateral excursion of the mandible.

c. The origins and insertions of these
muscles are described in Table 1–15.

2. The hyoid muscles assist the muscles of
mastication in retruding and depressing
the mandible.

3. The muscles of mastication and hyoid
muscles are involved in coordinating
mandibular movements (Figure 1–23):
a. Closing the mouth

(1) Temporalis—anterior (vertical) and
posterior fibers.

(2) Masseter.
(3) Medial pterygoid.

b. Opening the mouth
(1) Lateral pterygoid.
(2) Assisting muscles:

(a) Infrahyoid muscles—these mus-
cles and the posterior belly of
the digastric muscle will aid
in depressing and stabilizing
the hyoid bone, allowing the
suprahyoid muscles to help pull
down the mandible.

(b) Suprahyoid muscles—especially
anterior belly of the digastric
muscle.

c. Protrusion
(1) Medial pterygoid.

AREA BONES COMMUNICATIONS

Roof Sphenoid bone —
—body

Floor Pterygopalatine —
canal

Anterior Maxilla—tuberosity Orbit via the inferior 
orbital fissure

Posterior Sphenoid bone— Pterygoid canal, 
pterygoid process foramen rotundum, 

and pharyngeal canal
Medial Palatine bone— Nasal cavity via the 

vertical plate sphenopalatine 
foramen

Lateral Pterygomaxillary Infratemporal fossa via 
fissure the pterygomaxillary 

fissure

TABLE 1–13. BOUNDARIES AND COMMUNI-
CATIONS OF THE PTERYGOPALATINE FOSSA

AREA BONES COMMUNICATIONS

Roof Sphenoid bone— Temporal fossa, 
greater wing foramen ovale, 

foramen spinosum
Floor Open —
Anterior Maxilla— Orbit via the inferior 

tuberosity orbital fissure
Posterior Open —
Medial Sphenoid bone— Pterygopalatine fossa 

lateral pterygoid via pterygomaxillary
plate fissure

Lateral Mandible—ramus, —
coronoid process

TABLE 1–14. BOUNDARIES AND COMMUNI-
CATIONS OF THE INFRATEMPORAL FOSSA
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(2) Lateral pterygoid—inferior head.
d. Retraction

(1) Temporalis—posterior fibers.
(2) Assisting muscles:

(a) Suprahyoid muscles—espe-
cially both bellies of the digas-
tric muscle.

(b) Lateral pterygoid.
e. Lateral excursion

(1) Lateral pterygoid—on the non-
working side (i.e., the opposite side
of the direction of movement).
Note: an injured lateral pterygoid
will cause the jaw to shift to the
same side of the injury.

(2) Assisting muscle: temporalis, which
acts as a stabilizer.

C. Hyoid muscles
1. The hyoid muscles are divided into two

groups, depending on their location
above or below the hyoid bone.
a. The suprahyoid muscles are superior

to the hyoid bone and include the ante-
rior and posterior digastric muscles,
the mylohyoid, geniohyoid, and stylo-
hyoid. The mylohyoid muscle forms
the floor of the mouth.

b. The infrahyoid muscles are inferior to
the hyoid bone and include the ster-
nothyroid, sternohyoid, omohyoid, and
thyrohyoid. A summary of these mus-
cles is presented in Table 1–16.

2. Infrahyoid muscles
a. Innervation: cervical nerves (C1–C3)

via branches of ansa cervicalis.
b. Major actions:

(1) Assist the muscles of mastication in
depressing or retruding the mandible.

(2) Steady the hyoid bone and larynx
when swallowing.

3. Suprahyoid muscles
a. Innervation: refer to Table 1–16.
b. Major actions:

(1) Assist in pulling the mandible down
during mouth opening.

(2) Raise the hyoid bone and larynx
when swallowing.

D. Neck muscles
1. The muscles in the neck include the

platysma, the sternocleidomastoid (SCM),
and the trapezius muscle. These muscles
are summarized in Table 1–17.

2. Platysma—a thin layer of muscle found in
the superficial fascia of the neck.

Temporalis

Elevates mandible

Depresses mandible

Medial
pterygoid

Masseter

Suprahyoid
muscles

Infrahyoid
muscles

Lateral
pterygoid

Figure 1–23. Role of muscles of mastication and hyoid
muscles in mandibular movement.

MUSCLE ORIGIN INSERTION

Temporalis Temporal fossa Coronoid process of mandible
Masseter

Superficial head Anterior two thirds of the inferior Angle of mandible—lateral surface
border of the zygomatic arch

Deep head Posterior one third of the inferior Ramus and body of mandible
border of the zygomatic arch

Medial pterygoid Pyramidal process of palatine bone, Angle of the mandible—medial surface
Superficial fibers the pterygoid fossa of sphenoid 

bone and maxillary tuberosity
Deep fibers Pyramidal process of palatine bone 

and the medial surface of the lateral 
pterygoid plate of sphenoid bone

Lateral pterygoid Infratemporal crest of the greater Condyle of mandible—anterior surface 
Superior head wing of sphenoid bone A few fibers insert into the anterior 
Inferior head Lateral pterygoid plate of portion of the TMJ articular capsule

sphenoid bone Condyle of the mandible—
anterior surface

TABLE 1–15. ORIGINS AND INSERTIONS OF THE MUSCLES OF MASTICATION



SternocleidomastoidSubmandibular
triangle

Digastric
muscle

Mylohyoid in
submental triangle

Carotid triangle

Sternohyoid in
muscular triangle

Subclavian triangle

Trapezius

Posterior cervical triangle

Omohyoid

Figure 1–24. Neck triangles as viewed from the left
side. (From Moore NA, Roy WA: Gross and
Developmental Anatomy, St. Louis, Mosby, 2002.)
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3. Sternocleidomastoid 
a. A major landmark in the neck, dividing

each side of the neck into anterior and
posterior triangles (Figure 1–24). The
anterior triangle can further be divided
into the submandibular triangle and
submental triangle. The posterior trian-
gle can be divided into the occipital
and subclavian triangle.

b. Actions: contraction of one SCM will tilt
the head laterally to that same side,
while turning the face toward the oppo-
site side. Contraction of both SCMs will
flex the neck.

c. The carotid pulse can be felt at the
anterior-superior border of the SCM
muscle, just posterior to the thyroid
cartilage.

INNERVATION ORIGIN INSERTION

Platysma CN VII Fascia of  Mandible
the deltoids 
and 
pectoralis

Sternocleido- CN XI Clavicle and Mastoid 
mastoid sternum process of 

temporal 
bone

Trapezius CN XI, Extends Clavicle and 
C3–C4 from the spine of the 

occipital scapula
bone to 
the cervical 
and thoracic
vertebral 
column

TABLE 1–17. ORIGINS, INSERTIONS, AND

INNERVATION OF THE NECK MUSCLES

INNERVATION ORIGIN INSERTION

Suprahyoid
Digastric muscle

Anterior belly CN V3 Digastric fossa Intermediate tendon
Posterior belly CN VII Mastoid notch of temporal bone Intermediate tendon

Mylohyoid CN V3 Mylohyoid line Hyoid bone
Geniohyoid C1* via CN XII Genial tubercles Hyoid bone
Stylohyoid CN VII Styloid process Hyoid bone

Infrahyoid
Omohyoid

Superior belly C1–C3 Intermediate tendon Hyoid bone
Inferior belly C1–C3 Scapula Intermediate tendon

Sternohyoid C1–C3 Sternum Hyoid bone
Sternothyroid C2–C3 Sternum Thyroid cartilage
Thyrohyoid C1 via CN XII Thyroid cartilage Hyoid bone

TABLE 1–16. ORIGINS, INSERTIONS AND INNERVATION OF THE HYOID MUSCLES

*C1, first cervical nerve.
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4. Trapezius
a. Action: contraction of the trapezius ele-

vates the clavicle and scapula (i.e,
shrugging shoulders).

E. Muscles of the soft palate
1. Muscles of the soft palate include the

palatoglossus, palatopharyngeus, levator
veli palatine, tensor veli palatine, and
uvula.
a. The palatoglossus forms the anterior

tonsillar pillar.
b. The palatopharyngeus forms the poste-

rior tonsillar pillar and also closes off
the nasopharynx and larynx during
swallowing.

c. The tensor veli palatine wraps around
the lateral side of the pterygoid hamu-
lus and tenses the soft palate.

d. A summary of these muscles is pre-
sented in Table 1–18.

2. Innvervation: refer to next page for inner-
vation of muscles of the pharynx.

F. Muscles of the pharynx
1. The muscles of the pharynx include the

superior, middle, and inferior constrictor
muscles; the stylopharyngeus; and the
salpingopharyngeus. The major action of
these muscles is to move the pharynx and
larynx during swallowing. A summary of
their origins, insertions, and actions is
presented in Table 1–19.

2. Innervation:
a. Muscles of the soft palate and pharynx

are all innervated via the pharyngeal
plexus (CN IX, X, and XI), with the fol-
lowing three exceptions:
(1) Tensor veli palatine—innervated by

CN V3.
(2) Stylopharyngeus—innervated by

CN IX.

ORIGIN INSERTION ACTION

Palatoglossus Fascia of the soft palate Tongue Raises tongue, depresses soft palate
Palatopharyngeus Soft palate Thyroid cartilage, lateral Moves palate down and back, moves 

wall of the pharynx pharynx up and forward, and raises 
and folds posterior wall of the larynx

Levator veli palatine Petrous portion of Palatine aponeurosis Raises soft palate
temporal bone

Tensor veli palatine Medial pterygoid plate Palatine aponeurosis Tenses soft palate, opens auditory tube
and eustachian tube

Uvula Posterior nasal spine Contracts uvula
of the palatine bone 
and palatine aponeurosis

TABLE 1–18. ORIGINS, INSERTIONS, AND ACTIONS OF THE MUSCLES OF THE SOFT PALATE

ORIGIN INSERTION ACTION

Superior constrictor Medial pterygoid plate, Median pharyngeal raphe Constricts pharynx to help push food 
pterygoid hamulus, down into the esophagus during 
pterygomandibular raphe, swallowing. It also raises the larynx
mylohyoid line

Middle constrictor Hyoid bone, stylohyoid 
ligament

Inferior constrictor Thyroid and cricoid cartilages
Stylopharyngeus Styloid process Thyroid cartilage, lateral Raise and dilates pharynx, helping food 

wall of the pharynx move through. It also raises the larynx
Salpingopharyngeus Eustachian tube Lateral wall of the pharynx Raise and dilates pharynx, helping food 

move through

TABLE 1–19. ORIGINS, INSERTIONS, AND ACTIONS OF THE MUSCLES OF THE PHARYNX
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(3) Mucous membranes of the phar-
ynx— innervated by CN V2.

b. Motor function: CN XI via CN X nerve
fibers.

c. Sensory function: CN IX.
G. Muscles of the larynx

1. The muscles of the larynx include the
cricothyroid, oblique and transverse ary-
tenoids, thyroarytenoid, and the lateral
and posterior cricoarytenoids. A sum-
mary of these muscles and their actions is
presented in Table 1–20.

2. Innervation: all muscles of the larynx are
innervated by CN X via the recurrent
laryngeal nerve except the cricothyroid,
which is innervated by CN X via the exter-
nal laryngeal nerve.

Tongue

A. Surface anatomy (Figure 1–25):
1. Dorsum of tongue—divided into two

parts: the anterior two thirds of the
tongue, which lies relatively freely in the
oral cavity, and the posterior one third of
the tongue, which covers the oral cavity
and lies in the pharynx.

2. Sulcus terminalis—a V-shaped depression
that divides the anterior two thirds from
the posterior one third of the tongue. It is
an embryologic remnant resulting from
the fusion between the first and second
pharyngeal arches.

3. Foramen cecum—a small pit located at
the tip of the V of the sulcus terminalis. It

Filiform papillae

Fungiform lingual papillae

Median lingual sulcus

Circumvallate lingual papillae

BASE

BODY

Sulcus terminalis

Foramen cecum

Palatine tonsilPosterior 1/3 tongue:
  CN IX: general and special
  sensory

Area around epiglottis:
  CN X: general and special
  sensory

Anterior 2/3 tongue:
  CN V3 – general sensory
  CN VII –  special sensory

Epiglottis

Figure 1–25. Dorsal aspect of the tongue: surface landmarks and sensory innervation. (Modified from Fehrenbach M,
Herring S: Illustrated Anatomy of the Head and Neck, ed 2, Philadelphia, WB Saunders, 2002.)

ORIGIN INSERTION ACTION

Cricothyroid Cricoid cartilage Thyroid cartilage Raises cricoid cartilage, 
tenses vocal cords

Oblique arytenoid Arytenoid cartilage Arytenoid cartilage on the opposite side Adducts vocal cords
Transverse arytenoid Arytenoid cartilage Arytenoid cartilage on the opposite side Adducts vocal cords
Thyroarytenoid Thyroid cartilage Arytenoid cartilage Adducts vocal cords
Lateral cricoarytenoid Cricoid cartilage Arytenoid cartilage Adducts vocal cords
Posterior cricoarytenoid Cricoid cartilage Arytenoid cartilage Adducts vocal cords

TABLE 1–20. ORIGINS, INSERTIONS, AND ACTIONS OF THE MUSCLES OF THE LARYNX
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is an embryologic remnant of the proxi-
mal opening of the thyroglossal duct.

4. Lingual papillae—elevated structures
found on the surface of the tongue. There
are four types:
a. Filiform papillae

(1) Thin, pointy projections that com-
prise the most numerous papillae
and give the tongue’s dorsal surface
its characteristic rough texture.

(2) Arrangement: in rows parallel with
the sulcus terminalis.

(3) Histologically show more kera-
tinization than the other papillae.

(4) Do not contain taste buds.
(5) Note: an overgrowth of these papil-

lae results in hairy tongue. A loss of
filiform papillae results in glossitus.

b. Fungiform papillae
(1) Round, red spots that are less

numerous than filiform papillae.
(2) Histologically, they have a charac-

teristic mushroom shape.
(3) Contain taste buds.

c. Circumvallate (vallate) papillae
(1) The largest papillae and are 12 to 13

in number.
(2) Arrangement: in a row parallel and

just anterior to the sulcus terminalis.
(3) Contain taste buds and small sali-

vary glands known as von Ebner’s
glands.

d. Foliate papillae
(1) Vertical folds found posteriorly on

the side of the tongue.
(2) Contain taste buds.

e. Note about taste buds: taste buds con-
tain neuroepithelial (taste) cells. They
can discriminate five taste sensations:
salty, sweet, sour, bitter, and the
recently described umami taste (taste
of L-glutamate).

B. Muscles of the tongue
1. Intrinsic muscles of the tongue—muscles

found entirely within the tongue.
Although they are not considered to be
separate muscles, they can be divided
into longitudinal, transverse, and vertical
muscles. Their main function is to change
the shape of the tongue.

2. Extrinsic muscles of the tongue—there
are three extrinsic muscles of the tongue,
including the genioglossus, styloglossus,
and hyoglossus (Note: some texts also
include the palatoglossus). Although they

all insert into the tongue, they originate
from surrounding structures. A summary
of their origins, insertions, and actions is
presented in Table 1–21.

3. Innervation:
a. Motor function: motor innervation for

all intrinsic and extrinsic muscles is
from CN XII.

b. Sensory function (see Figure 1–25):
(1) For the anterior two thirds of the

tongue:
(a) General sensory—CN V3 via the

lingual nerve.
(b) Special sensory (taste)—CN VII

via the chorda tympani.
(2) Posterior one third of the tongue:

general and special sensation is
innervated by CN IX.

(3) Area around the epiglottis: inner-
vated by CN X via the internal
laryngeal nerve.

4. Vascular supply—the blood supply is from
branches of the lingual artery, including its
terminal end, the deep lingual artery.

Triangles of the neck

The SCM divides each side of the neck into ante-
rior and posterior triangles. These triangles can
be subdivided into smaller triangles, as was
described in Figure 1-24.

A. Anterior triangle
1. Borders: anterior margin of the SCM, mid-

line of the neck, and inferior border of the
mandible.

2. Subdivisions:

ORIGIN INSERTION ACTION

Genioglossus Genial tubercles Tongue, Protrudes 
on mandible hyoid bone and 

depresses 
tongue

Styloglossus Styloid process Tongue Retracts 
of temporal tongue, 
bone curls up 

sides of 
tongue

Hyoglossus Greater horn Tongue Depresses 
and body of tongue
hyoid bone

TABLE 1–21. ORIGINS, INSERTIONS, AND

ACTIONS OF THE EXTRINSIC MUSCLES OF THE

TONGUE
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a. Submandibular (digastric) triangles
(1) Borders: upper margin of the ante-

rior and posterior bellies of the
digastric muscle, inferior border of
the mandible.

(2) Floor: mylohyoid and hyoglossus
muscles.

(3) Contents: submandibular gland, sub-
mandibular lymph nodes, lingual
and facial arteries, CN XII, lingual
nerve, and nerve to the mylohyoid
muscle.

b. Submental triangle
(1) Borders: between the right and left

anterior bellies of the digastric
muscle (beneath the chin) and
body of the hyoid bone.

(2) Floor: mylohyoid muscle.
(3) Contents: submental lymph nodes.

c. Muscular triangles
(1) Borders: inferior border of the

superior belly of the omohyoid
muscle, anterior border of the SCM,
and the anterior midline of the
neck.

(2) Floor: sternohyoid and sternothy-
roid (infrahyoid) muscles.

(3) Contents: anterior branches of the
ansa cervicalis, infrahyoid strap
muscles, and lymph nodes.

d. Carotid triangles
(1) Borders: superior border of the

superior belly of the omohyoid
muscle, inferior border of the pos-
terior belly of the digastric muscle,
and the anterior border of the SCM.

(2) Floor: inferior pharyngeal constric-
tor and thyrohyoid muscles.

(3) Contents: common carotid artery
(which bifurcates near the upper
border of the thyroid cartilage) and
its branches, the internal jugular
vein and its tributaries, vagus nerve
(CN X) including external and inter-
nal laryngeal nerves, CN IX (branch
to carotid sinus), CN XI, CN XII, and
branches of the cervical plexus.

B. Posterior triangle
1. Borders: posterior border of the SCM,

anterior border of the trapezius and the
clavicle.

2. Floor: splenius capitis, levator scapulae,
posterior and middle scalene muscles.

3. Contents: external jugular and subclavian
vein and their tributaries, subclavian

artery and its branches (C3, C4), branches
of the cervical plexus, CN XI, suprascapu-
lar artery and vein, nerves to the upper
limb and muscles of the triangle floor,
phrenic nerve, and the brachial plexus.

4. It is subdivided by the omohyoid muscle
into the occipital triangle (above the omo-
hyoid) and subclavian (supraclavicular)
triangle (below the omohyoid).
a. Subclavian (supraclavicular) triangle

(1) Borders: inferior border of the infe-
rior belly of the omohyoid, middle
one-third of the clavicle, and poste-
rior border of the SCM.

(2) Contents: subclavian artery and
vein, branchial plexus, cervical
artery and vein, external jugular
vein, scapular vein.

b. Occipital triangle
(1) Borders: superior border of the

inferior belly of the omohyoid, pos-
terior border of the SCM, and the
anterior border of the trapezius.

(2) Contents: accessory nerve.

1.2 Axilla, Shoulders, and Upper
Extremities

The axilla is a space described as a pyramid,
with a base composed of the skin and superficial
fascia of the armpit. The apex rises to the level of
the mid-clavicle. It contains the nerves and blood
vessels supplying the upper limbs.

A. Axilla
1. Boundaries: the axilla is bounded by three

skeletal and muscular walls.
a. Anterior wall

(1) Contains the clavicle superiorly
and the pectoralis major and pec-
toralis minor muscles.

b. Medial wall
(1) The lateral thoracic wall covered

by the serratus anterior muscle.
c. Posterior wall

(1) Formed primarily by the scapula
and subscapularis muscle.

(2) The teres major and latissimus
dorsi muscles contribute to the
inferior aspect of the posterior wall.

2. Contents:
a. The axilla contains portions of the:

(1) Brachial nerve plexus.
(2) Axillary artery.
(3) Axillary vein.
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b. The axillary sheath encloses the artery,
vein, and nerve as they pass through
the axilla from the posterior triangle of
the neck to the arm.

c. Axillary lymph nodes receiving lymph
from the arm and breast travel through
the axilla.

B. Shoulders and upper extremities
Limbs develop from outgrowths of the axial

skeleton. The upper limb develops from body wall
segments of the lower four cervical and first tho-
racic levels. Muscle, nerve, blood vessels, and
lymphatic drainage arise concomitantly. The
upper limb has four skeletal components: shoul-
der girdle, arm, forearm, and hand. Additional
components include muscles, nerves, arterial sup-
ply and venous return, and lymphatic drainage.

1. The shoulder girdle consists of the
scapula and clavicle.
a. The scapula is a broad, flat, thin, trian-

gular-shaped bone (Figure 1–26).
(1) The concave anterior surface is

anchored by muscles to the posterior
surface of ribs two through seven.

(2) Three sides:
(a) A vertebral medial border par-

alleling the vertebral column.
(b) An axillary lateral border facing

the axilla.

(c) A suprascapular superior border.
(3) The spine of the scapula runs hori-

zontally across the convex poste-
rior surface and divides it into two
fossae for muscle attachments.
(a) The supraspinous fossa above

the spine.
(b) The infraspinous fossa below

the spine.
(4) The acromion articulates with the

clavicle at the acromioclavicular
joint. The suprascapular notch, on
the superior border of the spine, is
the site of transmission of the
suprascapular nerve and vessels.

(5) The coracoid process projects lat-
erally and anteriorly from the
superolateral border.

(6) The glenoid fossa, just below the
base of the coracoid process, artic-
ulates with the head of the humerus
at the joint of the shoulder.

(7) The subscapular fossa on the con-
cave anterior surface fits against
the convex surface of the adjacent
ribs.

b. The clavicle is an S-shaped bone com-
monly known as the collarbone (Figure
1–27).

Acromion

Glenoid fossa

Axillary border

Inferior angle

Coracoid
process

Suprascapular
notch

Vertebral
border

Spine
of scapula

Supraspinous
fossa

Infraspinous
fossa

Vertebral
border

Subscapular
fossa

Figure 1–26. Right scapula. Posterior view (left) and anterior view (right). (From Liebgott B: The Anatomic Basis of
Dentistry, ed 2, St. Louis, Mosby, 2001.)
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(1) The lateral end articulates at the
acromioclavicular joint with the
acromion of the scapula.

(2) The medial end articulates at the
sternoclavicular joint with the
manubrium.

(3) The medial half of the clavicle
bends anteriorly, and the lateral
half bends posteriorly.

(4) The inferior surface serves as the
attachment for two ligaments.
(a) The coraclavicular ligament

binds the clavicle to the cora-
coid process.

(b) The costoclavicular ligament
binds the clavicle to the first rib.

2. The arm consists of the humerus bone
(Figure 1–28).
a. The humerus is the only bone of the

arm.
(1) The humerus articulates superiorly

with the scapula and inferiorly with
the radius and ulna of the forearm.

(2) The rounded head on the supero-
medial aspect articulates with the
glenoid fossa of the scapula.

(3) The greater and lesser tubercles
are on the anterior surface just
below the head of the humerus and
serve as attachments for muscles.
(a) The greater tubercle is in the

more lateral position.
(b) The lesser tubercle is in the

more anterior position.
(4) The anatomical neck lies just below

the head; a surgical neck where the
shaft meets the upper portion of the

humerus is often the site of frac-
tures.

(5) The intertubercular sulcus is occu-
pied by the tendon of the long head
of the biceps muscle; other mus-
cles attach to the sides of the
groove.

(6) The deltoid tuberosity, an elevation
located anterolaterally on the mid-
shaft of the humerus, is the site of
attachment of the deltoid muscle.

(7) The trochlea, a spool-shaped pro-
cess on the inferior surface, artic-
ulates with the ulna of the forearm.

(8) The capitulum, a round area
located laterally to the trochlea,
articulates with the radius of the
forearm.

(9) The lateral epicondyle above the
capitulum, and medial epicondyle
above the trochlea, are promi-
nences that serve as attachment
sites for muscles.

(10) The medial and lateral supra-
condylar ridges are located above
the medial and lateral epicondyles
and are attachments for muscles.

(11) The coronoid fossa, on the ante-
rior surface just superior to the
trochlea, fits the coronoid process
of the ulna of the forearm.

(12) The olecranon fossa, on the poste-
rior surface just superior to the
trochlea, fits the olecranon of the
ulna of the forearm.

3. The forearm consists of the radius and
ulna (Figure 1–29).

Lateral end
(with acromion)

Medial end
(with sternum)

Lateral curvature

Medial curvature

For attachment of
acromioclavicular ligament

For attachment of
costoclavicular ligament

Figure 1–27. Right clavicle. Supe-
rior view (top) and inferior view
(bottom). (From Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St.
Louis, Mosby, 2001.)
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a. The radius is lateral to the ulna when in
the anatomical position with palms fac-
ing forward or in the supine position.
(1) The head of the radius is disc-shaped

at the proximal end; it articulates
superiorly with the capitulum of the
humerus, and medially with the
radial notch of the ulna.

(2) The radial tuberosity, a projection
just below the head on the medial
surface, is a site of muscle attach-
ment.

(3) The lateral styloid process is the
pointed, distal portion of the radius.

(4) The ulnar notch, a shallow depres-
sion on the inferomedial aspect of
the radius, serves as the articula-
tion with the distal end of the ulna.

b. The ulna is lateral to the radius when in
the pronated position with palms fac-
ing posteriorly.

(1) The trochlear notch on the proxi-
mal end of the ulna curves around
and articulates with the trochlea of
the humerus.

(2) The coronoid process extends in an
anteroinferior direction from the
trochlear notch.

(3) The olecranon is formed from the
superoposterior portion of the
trochlear notch.

(4) The medial styloid process is the
distal projection of the ulna.

4. The wrist and hand consist of carpal
bones, metacarpal bones, and phalanges.
a. Carpal bones

(1) There are eight short, cuboidal
carpal bones in the wrist, each
arranged in a proximal and distal
row with four bones in each row.
(a) Proximal bones—scaphoid, lun-

ate, triquetral, pisiform.

Head

Anatomical
neck

Surgical
neck

Greater tubercleGreater tubercle
Lesser tubercle

Intertubercular sulcus

Deltoid tuberosity

Capitulum

Trochlea

Lateral epicondyle Medial 
epicondyle

Shaft

Medial supracondylar
ridge

Lateral supracondylar
ridge

Coronoid fossa

Lateral epicondyle

Lateral supracondylar
ridge

Olecranon fossa

Figure 1–28. Right humerus. Anterior aspect (left) and posterior aspect (right). (From Liebgott B: The Anatomic Basis of
Dentistry, ed 2, St. Louis, Mosby, 2001.)
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(b) Distal bones—trapezium, trape-
zoid, capitate, hamate.

b. Metacarpal bones
(1) These bones form the skeleton of

the palm of the hand; each base
articulates superiorly with the distal
row of carpals and inferiorly with
the phalanges.

c. Phalanges
(1) Each finger has three phalanges:

proximal, middle, and distal.
(2) The thumb lacks a middle phalanx.

5. Muscles are grouped by region: pectoral,
superficial back, shoulder, arm, forearm,
and hand.
a. Pectoral (Figure 1–30).

(1) The pectoralis major muscle is a
large, triangular muscle on the ante-
rior chest wall arising from two
heads (one from the clavicle and
another from the sternum) and
inserting into the humerus.
(a) Can flex, medially rotate, and

adduct the arm.

(b) Supplied by the lateral and
medial pectoral nerves.

(2) The pectoralis minor muscle is a
small, triangular muscle arising
from the anterior chest wall deep to
the pectoralis major muscle and
inserting on the coracoid process
of the scapula.
(a) Protracts, depresses, and rotates

the scapula laterally.
(b) Supplied by the medial pectoral

nerve.
(3) The subclavius is a small muscle

located below the clavicle.
(a) Probably insignificant function.
(b) Supplied by the nerve to sub-

clavius.
(4) The serratus anterior originates from

the anterior chest wall and inserts into
the vertebral border of the scapula.
(a) Protracts the scapula and

rotates it medially.
(b) Supplied by the long thoracic

nerve.

Medial styloid
process

Olecranon

Radial
notch

Ulnar notch

Head of radius

Trochlear notch

Head of radius

Radial tuberosity

Lateral styloid
process

Lateral styloid
process

Coronoid
process

Figure 1–29. Ulna and radius of right forearm. Anterior view (left) and posterior view (right). (From Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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Trapezius

Deltoid

Biceps brachii

Pectoralis major
(clavicular head)

Pectoralis major
(sternal head)

Coracobrachialis

Biceps brachii
(short head-cut)

Biceps brachii
(long head-cut)

Pectoralis minor

Subscapularis

Latissimus dorsi

Serratus anterior

Brachialis

A

B

Figure 1–30. Muscles of pectoral region and anterior right arm. A, Superficial. B, Deep. (From Liebgott B: The Anatomic
Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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b. Superficial back (Figure 1–31, Table
1–22).
(1) The trapezius muscle is large, thin,

flat, and triangular; it covers the
back of the neck and upper half of
the trunk.
(a) Superior fibers elevate and lat-

erally rotate the scapula, infe-
rior fibers depress the scapula,
and middle fibers help to
retract the scapula.

(b) Supplied mainly by CN XI with a
small supply from branches of
the cervical plexus of nerves in
the neck.

(2) The latissimus dorsi is large, thin,
and flat; it covers the lower half of
the back, inserting into the humerus.
(a) Adducts, extends, and medially

rotates the arm.
(b) Supplied by the thoracodorsal

nerve.
(3) The levator scapulae originates

from the vertebrae to insert on the
superior border of the scapula.
(a) Elevates and medially rotates

the scapula.
(b) Supplied by the dorsal scapular

nerve.
(4) The major and minor rhomboid

muscles originate from the verte-
brae to insert into the vertebral
border of the scapula.
(a) Retracts and medially rotates

the scapula.
(b) Supplied by the dorsal scapular

nerve.
c. Shoulder (see Figures 1–30 and 1–31,

Table 1–23).
(1) The deltoid muscle originates from

bones of the pectoral girdle and
inserts into the humerus, wrapping
over the shoulder.
(a) Anterior fibers flex and medially

rotate the posterior fibers, and
extend and laterally rotate the
arm at the shoulder; middle
fibers abduct the arm.

(b) Supplied by the axillary nerve.
(2) The teres major muscle originates

from the scapula and inserts on the
humerus.
(a) Extends, medially rotates, and

adducts the arm.
(b) Supplied by the lower sub-

scapular nerve.

(3) The rotator cuff muscles are four
muscles (supraspinatus, infraspina-
tus, teres minor, and subscapularis)
that originate from the scapula and
insert into the upper humerus and
joint capsule to hold the head of
the humerus in the glenoid fossa.

Trapezius

Deltoid

Triceps brachii
Long head

Medial head
Lateral head

Teres major

Latissimus dorsi

Triceps brachii
Long head

Medial head
Lateral head

Supraspinatus

Infraspinatus
Teres minor

Levator scapulae

Rhomboid major

Rhomboid minor

Latissimus dorsi

A

B

Figure 1–31. Posterior muscles of the right shoulder
and arm. A, Superficial. B, Deep. (From Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 9–2, p. 439.
APR, Anterior primary rami.

MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Deltoid Clavicle: inferior Humerus: deltoid 1. Abducts arm Axillary
lateral third tuberosity 2. Flexes arm

Scapula: acromion 3. Rotates arm medially
and spine (anterior fibers)

4. Extends arm 
(posterior fibers)

5. Rotates arm laterally 
(posterior fibers)

Teres major Scapula: inferior angle Humerus: medial 1. Extends arm Lower subscapular
lip of intertubercular 2. Medially rotates arm
sulcus 3. Adducts arm

Rotator cuff muscles
Supraspinatus Scapula: Humerus: greater 1. Abducts arm Suprascapular

supraspinous fossa tubercle 2. Stabilizes shoulder 
joint

Infraspinatus Scapula: Humerus: greater 1. Rotates arm laterally Suprascapular
infraspinous fossa tubercle 2. Adduction (slight)

3. Stabilizes shoulder joint
Teres minor Scapula: inferior Humerus: greater 1. Rotates arm laterally Axillary

lateral border tubercle 2. Extends arm
3. Adducts arm
4. Stabilizes arm at shoulder

Subscapularis Scapula: Humerus: lesser 1. Rotates arm medially Upper and lower 
subscapular fossa tubercle 2. Stabilizes shoulder joint subscapular

TABLE 1-23. MUSCLES OF THE SHOULDER

MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Trapezius Vertebrae: all thoracic Scapula: spine and acromion 1. Upper fibers Cranial nerve XI: 
and cervical spines Clavicle: superior lateral third elevate scapula spinal accessory

Ligamentum nuchae 2. Lower fibers APR of C3-C4
(membranous depress scapula
extension of cervical 3. Middle fibers 
spines) retract scapula

Skull: superior nuchal 4. Rotates laterally 
line and inion (glenoid fossa 

points up)
Latissimus dorsi Vertebrae: spines Humerus: floor of 1. Adducts arm Thoracodorsal nerve

of T6 to T12 intertubercular sulcus 2. Extends arm
Os coxae: iliac crest 3. Rotates arm 
Lumbodorsal fascia medially
Ribs: lower three to four

Levator scapulae Vertebrae: transverse Scapula: superior aspect 1. Elevates scapula Dorsal scapular
processes of C1 to 4 of vertebral border 2. Rotates scapula

medially (glenoid 
fossa down)

Rhomboids Vertebrae: spinous Scapula: vertebral border 1. Retracts scapula Dorsal scapular
processes of C7 to T5 2. Rotates scapula 

medially 
(glenoid fossa 
down)

TABLE 1-22. MUSCLES OF THE SUPERFICIAL BACK

From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 9–3, p. 439. 
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(a) Supraspinatus muscle
(i) An abductor of the arm at

the shoulder.
(ii) Supplied by the supra-

scapular nerve.
(b) Infraspinatus muscle

(i) Laterally rotates and
slightly adducts the arm.

(ii) Supplied by the supra-
scapular nerve.

(c) Teres minor muscle
(i) Laterally rotates, extenses,

and adducts the arm.
(ii) Supplied by the axillary

nerve.
(d) Subscapularis muscle

(i) Medially rotates the arm.
(ii) Supplied by both the upper

and lower subscapular
nerves.

d. Arm muscles are divided into anterior
flexors (biceps brachii, coracobrachia-
lis, and brachialis) and posterior exten-
sors (triceps brachii and anconeus) (see
Figure 1–30, Table 1–24).
(1) Biceps brachii originates (the ten-

don of the long head) from the supra-
glenoid tubercle of the scapula and

from the coracoid process of the
scapula (the short head) and, along
with the coracobrachialis, inserts
into the upper forearm.
(a) Flexes the elbow.
(b) Supplied by the musculocuta-

neous nerve.
(2) Coracobrachialis originates from

the coracoid process of the scapula
and inserts on the humerus.
(a) Flexes and adducts the arm.
(b) Supplied by the musculocuta-

neous nerve.
(3) Brachialis originates from the

humerus and inserts on the coro-
noid process of the ulna.
(a) Flexes the elbow.
(b) Supplied by the musculocuta-

neous nerve.
(4) Triceps brachii originates from

three heads (one originates on the
scapula and the other two on the
humerus) and inserts into the ulna.
(a) Extends the arm.
(b) Supplied by the radial nerve.

(5) Anconeus arises from the lateral
epicondyle of the humerus and
inserts along with the triceps

MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Anterior (flexors)
Biceps brachii Scapula (short head): Radius: both heads 1. Major flexor of Musculocutaneous

coracoid process blend into common forearm at elbow
Scapula (long head): tendon that inserts 2. Strong supinator 

supraglenoid tubercle into radial tuberosity of forearm at 
superior radioulnar
joint

3. Weak flexor of arm 
at shoulder

Coracobrachialis Scapula: coracoid Humerus: medial 1. Flexes arm Musculocutaneous
process aspect of mid shaft 2. Adducts arm

Brachialis Humerus: anterior Ulna coronoid process 1. Major flexor of Musculocutaneous
distal aspect forearm at elbow

Posterior (extensors)
Triceps brachii Scapula (long head): Ulna: all three heads 1. Extends forearm Radial

infraglenoid tubercle blend into a single at elbow
Humerus (lateral head): tendon that inserts 

posterolateral surface into the olecranon
Humerus (medial head):

posterior surface below 
the radial groove

Anconeus Humerus: lateral Ulna: olecranon along 1. Extends forearm Radial
epicondyle with triceps at elbow

2. Aids in pronation 
of forearm

TABLE 1-24. MUSCLES OF THE ARM

From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 9–4, p. 440. 
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brachii on the olecranon of the
ulna.
(a) Considered by some to be a

portion of triceps brachii.
(b) Supplied by the radial nerve.

e. Forearm (and hand) muscles are
divided into anterior (Figure 1–32,

Table 1–25) and posterior (Figure 1–33,
Table 1–26) groups, and then subdi-
vided further into superficial, interme-
diate, and deep groups for anterior
muscles, and superficial and deep
groups for posterior muscles.
(1) Anterior superficial group

Brachioradialis

Pronator teres

Flexor carpi radialis
Palmaris longus

Flexor carpi ulnaris

Supinator

Flexor pollicis longus

Flexor digitorum
superficialis

Supinator

Flexor pollicis longus

Pronator quadratus

Flexor digitorum profundus

Flexor retinaculum

A B

C
Figure 1–32. Anterior muscles of the right forearm. A, Superficial. B, Intermediate. C, Deep. (From Liebgott B: The
Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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(a) Pronator teres originates from
the humerus and ulna to insert
on the radius.
(i) Pronates the forearm.

(ii) Supplied by the median
nerve.

(b) Palmaris longus originates from
the medial epicondyle of the
humerus and inserts into the
palmar aponeurosis of the hand.
(i) Flexes the hand at the

wrist.
(ii) Supplied by the median

nerve.
(c) Flexor carpi radialis originates

from the humerus and inserts
into the bases of the second
and third metacarpals.

(i) A flexor and abductor of
the wrist.

(ii) Supplied by the median
nerve.

(d) Flexor carpi ulnaris originates
from the humerus and inserts
into the fifth metacarpal, pisi-
form, and hamate bones.
(i) Flexes and adducts the

wrist.
(ii) Supplied by the ulnar nerve.

(2) Anterior intermediate group
(a) Flexor digitorum superficialis

originates from the common
flexor tendon of the medial epi-
condyle of the humerus and
the upper one half of the
radius, and inserts into the

MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Superficial
Palmaris longus Humerus: medial Palmar aponeurosis 1. Flexes hand at wrist Median

epicondyle via of hand 
common flexor Flexor retinaculum
tendon

Flexor carpi radialis Humerus: medial Metacarpals: bases 1. Flexes hand at wrist Median
epicondyle via of 2nd and 3rd 2. Abducts hand at wrist
common flexor
tendon

Flexor carpi ulnaris Humerus: medial 5th metacarpal, 1. Flexes hand at wrist Ulnar
epicondyle via pisiform, and hamate 2. Abducts hand at wrist
common flexor bones
tendon

Ulna: coronoid process
Pronator teres Humeral head: Radius: lateral 1. Pronates forearm Median

medial epicondyle aspect of midshaft
Ulnar head: coronoid 

process and medial 
aspect

Intermediate
Flexor digitorum Humerus: medial Middle phalanges of 1. Flexes middle phalanges Median

superficialis epicondyle via all digits except thumb: at proximal 
common flexor palmar aspects interphalangeal joints
tendon

Radius: upper half of 
anterior shaft

Deep
Flexor pollicis longus Ulna: coronoid process Distal phalanx of thumb: 1. Flexes thumb Median

Interosseous membrane palmar side of base
Radius: anterior surface 

of shaft
Pronator quadratus Ulna: anterior distal Radius: anterior 1. Pronates forearm Median

surface of shaft distal aspect and provides power 
when pronating 
against resistance

Flexor digitorum Ulna: medial and Distal phalanges of 2. Flexes distal  Ulnar and median
profundus anterior aspect and all digits except thumb: phalanges at distal 

adjacent interosseous bases interphalangeal joints
membrane

TABLE 1-25. MUSCLES OF THE ANTERIOR FOREARM COMPARTMENT

From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 9–5, p. 443. 
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MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Superficial
Brachioradialis Humerus: lateral Radius: styloid process Flexes forearm at elbow: Radial

epicondyle an exception
Extensor carpi Humerus: lateral 2nd metacarpal: base 1. Extends hand at wrist Radial

radialis longus supracondylar ridge 2. Abducts hand at wrist
and lateral epicondyle 
via common extensor 
tendon

Extensor carpi Humerus: lateral 3rd metacarpal: base 1. Extends hand at wrist Radial
radialis brevis epicondyle via common 2. Abducts hand at wrist

extensor tendon
Extensor carpi ulnaris Humerus: lateral 5th metacarpal: base 1. Extends hand at wrist Radial

epicondyle via common 2. Abducts hand at wrist
extensor tendon

Ulna: posterior border
Extensor digitorum Humerus: lateral Phalanges: lateral and 1. Extends the fingers Radial

epicondyle via common dorsal aspects via 2. Aids in extending wrist
extensor tendon extensor expansions

Extensor digiti minimi Humerus: lateral Proximal phalanx of Extends little finger Radial
epicondyle via common 5th (little) finger: 
extensor tendon dorsal aspect

Deep
Supinator Humerus: lateral Radius: lateral aspect Supinates forearm and Radial

epicondyle of proximal end turns palm forward in 
Ulna: proximal aspect anatomical position, or 

below the radial notch up, as in accepting 
change when shoulder 
and/or elbow are flexed

TABLE 1-26. MUSCLES OF THE POSTERIOR FOREARM COMPARTMENT

Extensor digitorum

Extensor digiti minimi

Extensor carpi ulnaris

Extensor retinaculum

Brachioradialis

Extensor carpi
radialis longus

Extensor carpi
radialis brevis

Abductor pollicis
longus

Anconeus

Supinator

Abductor pollicis
longus

Extensor pollicis
longus

Extensor pollicis brevis

Extensor indicis

A B

Figure 1–33. Posterior muscles of the right forearm. A, Superficial. B, Deep. (From Liebgott B: The Anatomic Basis of
Dentistry, ed 2, St. Louis, Mosby, 2001.)

(Continued)
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middle phalanges of all four
digits.
(i) It is a flexor of proximal

interphalangeal joints, meta-
carpophalangeal joints, and
the wrist joint.

(ii) Supplied by the median
nerve.

(3) Deep anterior group
(a) Flexor digitorum profundus

originates from the anterior of
the ulna and passes over the
wrist as four tendons that
insert into distal phalanges of
the fingers.
(i) Flexes the distal phalanges

and the wrist.
(ii) Supplied by the medial

nerve on the radial aspect
and the ulnar nerve on the
ulnar aspect.

(b) Flexor pollicis longus originates
both ulna and radius and
inserts into the distal phalanx
of the thumb.
(i) Flexes the thumb.

(ii) Supplied by the median
nerve.

(c) Pronator quadratus muscle
arises from the ulna and inserts
on the radius.
(i) Pronates the forearm.

(ii) Supplied by the median
nerve.

(4) Posterior superficial group
(a) Brachioradialis arises from the

lateral epicondyle of the hume-

rus and inserts into the styloid
process of the radius.
(i) Flexes the forearm at the

elbow.
(ii) Supplied by the radial

nerve.
(b) Extensor carpi radialis longus

muscle
(c) Extensor carpi radialis brevis

muscle
(d) Extensor digitorum muscles
(e) Extensor digiti minimi

(5) Posterior deep group
(a) Supinator
(b) Abductor pollicis longus
(c) Extensor pollicis longus
(d) Extensor pollicis brevis
(e) Extensor indicis

6. Nerve supply
a. The brachial plexus of nerves arises in

the neck.
(1) It passes downward over the

first rib and under the clavicle to
the axilla and then to the upper
limb.

b. The brachial plexus of nerves provides
the entire motor and sensory nerve
supply to the upper limb.
(1) The plexus arises from five roots

from the anterior primary rami of
spinal nerves C5, C6, C7, C8, and T1.

(2) The five roots unite to form three
trunks:
(a) The upper trunk forms from the

roots of C5 and C6.
(b) The middle trunk forms from

C7.

MUSCLE ORIGIN INSERTION ACTION(S) NERVE

Abductor pollicis Ulna: middle third 1st metacarpal: radial 1. Abducts thumb Radial
longus of posterior aspect side of base 2. Abducts wrist

Radius: middle third of 
posterior aspect

Interosseous membrane
Extensor pollicis Ulna: middle third of Distal phalanx of Extends distal phalanx Radial

longus posterior aspect thumb: base of thumb
Interosseous membrane

Extensor pollicis Radius: posterior aspect Proximal phalanx of Extends proximal Radial
brevis Interosseous membrane thumb: base phalanx of thumb

Extensor indicis Ulna: posterior aspect Proximal phalanx of Extends index finger Radial
Interosseous membrane 1st (index) finger: 

dorsal aspect

TABLE 1-26. MUSCLES OF THE POSTERIOR FOREARM COMPARTMENT—CONT’D

From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 9–6, p. 445. 
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(c) The lower trunk forms from C8
and T1.

(3) Each of the three trunks divides in
two to form six divisions.

(4) The divisions reunite to form three
cords:
(a) The lateral cord.
(b) The medial cord.
(c) The posterior cord.

(5) The cords divide to form five termi-
nal branches.

c. The roots, trunks, and cords of the
brachial plexus lead to several collat-
eral branches; these supply some of
the muscles of the neck, upper limb
girdle, and arm; there also is a cuta-
neous nerve supply to the arm and
forearm.
(1) The long thoracic nerve forms from

the three upper roots of the anterior
primary rami (C5, C6, and C7), runs
inferiorly along the rib cage, and
supplies the serratus anterior mus-
cle.

(2) The dorsal scapular nerve forms
from the most superior root of the
anterior primary rami (C5) to sup-
ply the rhomboid muscles.

(3) The suprascapular nerve forms
from the upper trunk, passes
through the suprascapular notch of
the scapula, supplies the subclav-
ius muscle and infraspinatus mus-
cle, and is sensory to the shoulder
joint.

(4) The lateral pectoral nerve forms
from the lateral cord and supplies
most of the pectoralis major mus-
cle.

(5) The medial pectoral nerve forms
from the medial cord, supplies the
pectoralis minor muscle, and helps
supply the pectoralis major muscle.

(6) Three motor branches leave the
posterior cord to supply muscles of
the pectoral girdle; the upper sub-
scapular nerve to the subscapularis
muscle, the lower subscapular
nerve to the subscapularis muscle
and teres major muscle, and the
thoracodorsal nerve to the latis-
simus dorsi muscle.

(7) The medial cutaneous nerves of the
arm and forearm leave the distal
end of the medial cord.

d. The six divisions of the brachial plexus
join to form five terminal branches.
(1) The musculoskeletal nerve supplies

the three large flexor muscles
located on the anterior arm (biceps
brachii, coracobrachialis, and bra-
chialis) and then continues into the
forearm as the lateral cutaneous
nerve of the forearm.

(2) The median nerve supplies the flex-
ors and pronators, which overlie
the anterior of the forearm, and
then ends as cutaneous fibers to
the lateral portion of the palm and
palmar aspects of the thumb, first
finger, second finger, and lateral
portion of the third finger.

(3) The ulnar nerve supplies smaller
intrinsic muscles of the hand respon-
sible for fine movement and also flex-
ors and ends as cutaneous branches
to the medial aspect of the hand.

(4) The radial nerve supplies all the
extensor muscles of the upper limb
and cutaneous branches to the skin
of the posterior aspect of the arm,
forearm, and the lateral aspect of
the dorsum of the hand.

(5) The axillary nerve supplies the
shoulder joint and the area of the
deltoid muscle.

e. Cutaneous nerves of the upper limb
form from both collateral and terminal
branches of the brachial plexus (Figure
1–34).

7. Arterial supply (Figure 1–35)
a. The subclavian artery supplies blood

to the entire upper limb.
(1) The right subclavian artery arises

from the brachiocephalic artery
and the left subclavian artery from
the aortic arch; both loop upward
and laterally through the root of the
neck and descend over the first rib
into the axilla.

(2) After crossing the first rib, the sub-
clavian artery becomes the axillary
artery.

(3) The axillary artery passes through
the axilla and provides several col-
lateral branches that follow collat-
eral branches of the brachial plexus
of nerves.
(a) The axillary artery crosses

over the tendon of teres major
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muscle and enters the arm; at
this point it is called the brachial
artery.

(4) The brachial artery is positioned
on the anterior aspect of the
humerus at midlength after enter-
ing the arm from the medial aspect.
(a) It provides several branches to

muscles of the upper arm.
(b) It descends to the cubital fossa

on the anterior aspect of the
elbow.

(5) The brachial artery splits into the
radial and ulnar arteries below the
elbow.

(6) The radial artery descends on the
lateral surface of the front of the

forearm; this is where the pulse is
located on the wrist.
(a) The radial artery enters the

hand and loops medially as the
deep palmar arch.

(b) The deep palmar arch anasto-
moses medially with a branch
of the ulnar artery.

(7) The ulnar artery descends on the
medial surface of the front of the
forearm.
(a) The ulnar artery enters the

hand and loops laterally as the
superficial palmar arch.

(b) The superficial palmar arch
anastomoses medially with a
branch of the radial artery.

Musculocutaneous n.

Axillary n.

Radial n.

Branches of 
medial cord

Median n.

Ulnar n.

Figure 1–34. Cutaneous innervation of the upper limb. (From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis,
Mosby, 2001.)
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(8) Digital arteries arise from the pal-
mar arches to supply the medial
and lateral aspects of each finger.

8. Venous return (Figure 1–36)
a. Deep veins

(1) Deep veins of the upper limb share
the names and parallel the deep
arteries.

(2) Deep veins collect as the axillary
vein.

(3) The axillary vein ascends over the
first rib and is then called the sub-
clavian vein.

b. Superficial veins
(1) The dorsal venous vein lies below

the skin of the dorsum of the hand

and receives tributaries from the
fingers.

(2) The cephalic vein drains the lateral
aspect of the dorsal venous arch,
spirals anteriorly at the wrist, and
ascends on the lateral side of the
arm and forearm.

(3) The basilic vein drains the medial
aspect of the dorsal venous arch
and ascends on the medial side of
the arm and forearm.
(a) As the basilic vein traverses the

cubital fossa, it receives blood
from the cephalic vein through
the median cubital vein and the
median antebrachial vein.

Ulnar a.

Deep palmar arch

Superficial palmar arch

Radial a.

Brachial a.

Axillary a.

Subclavian a.

Digital arteries

Figure 1–35. Arterial supply to the
right upper limb. (From Liebgott B:
The Anatomic Basis of Dentistry, ed 2,
St. Louis, Mosby, 2001.)
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(4) Near the midpoint of the arm, the
basilic vein curves deeply and joins
the axillary vein.

9. Lymphatic drainage (Figure 1–37)
a. Deep lymph vessels

(1) Deep lymph vessels follow radial,
ulnar, brachial, and axillary veins to
drain into axillary lymph nodes.

(2) The axillary lymph nodes merge as
the subclavian trunk.

(3) The subclavian trunk drains upper
limb lymph back into circulation at
the confluence of the internal jugu-
lar and subclavian veins.

Axillary v.

Brachial v. (cut)

Basilic v.

Cephalic v.

Median cubital v.

Median antebrachial v.

Subclavian v.

Figure 1–36. Venous return from the right upper limb. (From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis,
Mosby, 2001.)
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1.3 Thoracic Cavity

The thoracic cavity is surrounded by the tho-
rax, a wall of muscle and bone. It extends from just
superior to the first rib to the diaphragm. The
diaphragm separates the thoracic cavity from the
abdominal cavity.

A. The thoracic skeleton and its divisions: the
thoracic skeleton is a round, cage-like struc-
ture consisting of the sternum, 12 pairs of
ribs and associated costal cartilages, and 12
thoracic vertebrae.
1. Sternum—composed of three portions:

a. Manubrium
(1) The midline jugular or suprasternal

notch is palpated at the base of the
anterior neck.

(2) The lateral notches attach to the
clavicles.

(3) The lateral borders articulate with
the costal cartilages of the first ribs.

b. Body
(1) Joins the manubrium through a

symphysis at the sternal angle.
(2) Costal cartilages of the second ribs

articulate with the sternum at the
junction of the manubrium and body.

c. Xiphoid process
(1) A small, inferior portion.

2. Ribs—features:
a. Head, which articulates with the body

of a thoracic vertebra.
b. Neck
c. Tubercle, which articulates with the

transverse process of a thoracic vertebra.
d. Shaft
e. Angle where the rib turns inferiorly and

anteriorly.

Bronchomediastinal trunk

Axillary nodes

Cisterna chyli

Lymph flow from abdomen

Jugular (cervical) trunk

Termination of thoracic duct
into confluence of left
subclavian and internal
jugular veins

Subclavian trunk

Inguinal nodes

Flow from lower limb

Figure 1–37. Major groups of lymph nodes and trunks showing scheme of the lymphatic flow back to venous sys-
tem. (From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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f. Subcostal groove on the inferior inter-
nal surface that shelters the intercostal
nerve and vessels.

3. Ribs—types:
a. True ribs are the upper seven pairs that

attach to the sternum via costal carti-
lages.

b. False ribs are the lower five pairs of
ribs that attach to the sternum via
costal cartilages or, in the case of the
last pair, not at all.

c. The first rib has some unique features
on the superior aspect area:
(1) Groove for the subclavian vein.
(2) Scalene tubercle for attachment of

the scalenus anterior muscle.
(3) Roughened area for attachment of

the scalenus medius muscle.
4. Thoracic vertebrae—unique features

include:
a. Heart-shaped body.
b. Long, slender spinous processes.
c. The bodies and transverse processes

have facets for articulation with ribs.
d. Ribs 1, 10, 11, and 12 articulate with

only a single vertebra.
e. The others articulate with the body of

their own vertebra and that of the ver-
tebra above.

5. Joints
a. In addition to joints between thoracic

vertebrae, the remaining three types of
joints allow for movement during inspi-
ration.
(1) Costovertebral joints are synovial

joints between the heads of the
ribs and vertebral bodies and
between the tubercles of the ribs
and transverse processes. They
permit elevation and depression of
the ribs.

(2) Sternocostal joints are synovial
joints between the costal cartilages
of true ribs (exclusive of the costal
cartilage of the first rib, which joins
the first rib to the manubrium as a
synchondrosis).

(3) Costochondral joints are syncho-
droses between distal ends of ribs
and their corresponding costal car-
tilages.

B. The thoracic wall—the thoracic (chest) wall
includes surface features such as the breast
and skeletal landmarks, muscles, and inter-
costal blood vessels and nerves.

1. The breast
a. Arises as a modified sweat gland cov-

ered by skin within superficial fascia of
the anterior chest wall.

b. In women, the breast overlies the pec-
toralis muscle at the level of ribs 2
through 6. An axillary tail extends later-
ally and superiorly to the axillary region.

c. Within the breast are 15 to 20 lobules of
glandular tissue lying within fat of the
superficial fascia.

d. The ducts of the glands empty to the
surface through the nipple. The nipple
is surrounded by an areola containing
areolar glands.

e. The breast is supported through sus-
pensory ligaments (of Cooper) that
anchor it to underlying deep fascia.

f. Arterial blood is supplied by mammary
branches of the axillary artery, the
internal thoracic artery, and intercostal
arteries.

g. The breast may be divided into quad-
rants. The two lateral quadrants drain
to the superior nodes of the axilla. The
two medial quadrants drain to the axil-
lary nodes, the anterior chest wall, and
the interior abdominal wall. They may
even drain to the opposite breast
across the midline. Malignancies may
spread along lymphatic routes.

2. Skeletal landmarks
a. The suprasternal or jugular notch at

the base of the neck is important in
locating the trachea.

b. The costal margin, formed by the infe-
rior aspects of costal cartilages 7
through 10, meets in the midline at the
xiphoid process. This landmark may be
used to help determine the correct
position on the sternum for external
compressions during cardiopulmonary
resuscitation (CPR).

c. The sternal angle between the manu-
brium and sternum marks the position
of the second rib. From this location
ribs can be counted externally, because
the first rib cannot be palpated.

3. Muscles of the thorax—thoracic mus-
cles stabilize the upper and lower ribs
and elevate the remaining ribs during
quiet inspiration. During forced inspira-
tion, accessory muscles elevate the
upper ribs to further increase thoracic
volume.



a. The diaphragm is the most important
muscle of respiration. When it con-
tracts, it increases the size of the tho-
rax by pulling the central tendon
inferiorly. It is supplied by the right and
left phrenic nerves, which are the ante-
rior primary rami of C3, C4, and C5.

b. Extrinsic thoracic muscles are superfi-
cial muscles covering the chest wall
that belong to other regions.
(1) Upper limb muscles that originate

from the thoracic skeleton include
pectoralis major, pectoralis minor,
serratus anterior, latissimus dorsi,
rhomboid major, rhomboid minor,
levator scapulae, and trapezius.

(2) Muscles of the abdominal wall that
attach to the thoracic skeleton
include rectus abdominis, external
oblique, internal oblique, and trans-
versus abdominis.

(3) Posterior muscles that attach to the
thoracic skeleton include erector
spinae and muscles of the back.

c. Accessory extrinsic muscles of respira-
tion insert into the skeleton of the upper
thorax and elevate the sternum and ribs
during forced inspiration. These mus-
cles of the neck region include ster-
nomastoid, scalenus anterior, scalenus
medius, and scalenus posterior.

d. Intercostal muscles of the thorax extend
in several directions; from rib to rib, ster-
num to rib, and vertebra to rib. They are
listed from the surface inward and are
involved in the process of breathing.
Intercostal nerves supply these muscles.
(1) The external intercostal muscle

runs from rib to rib in an anteroin-
ferior direction. They elevate the
ribs during inspiration.

(2) The internal intercostal muscle
extends from rib to rib in a pos-
teroinferior direction perpendicular
to the external intercostal muscle. It
depresses the ribs during expiration.

(3) The innermost intercostal muscles
run parallel to the internal inter-
costal muscles. The intercostal
nerves and vessels course between
these two layers. Posterior fibers
are called subcostals, and anterior
fibers are called transverses thoracis.
They are thought to depress ribs
during expiration.

e. Levator costarum muscles are back mus-
cles that participate in respiration. They
originate from transverse processes C7
to T11, run down and laterally, and insert
into an area between the tubercle and
angle of the rib below. These muscles
elevate ribs during inspiration. They are
innervated by the posterior primary
rami of thoracic spinal nerves.

f. The serratus posterior superior and
inferior muscles are located on the pos-
terior thoracic wall.
(1) The superior muscle runs down-

ward and laterally from the lower
cervical and upper thoracic verte-
bral spines to the upper ribs. It ele-
vates the ribs during inspiration.

(2) The inferior muscle runs upward
and laterally from the upper lumbar
and lower thoracic vertebral spines
and inserts into the lower ribs. It
depresses or stabilizes the lower
ribs.

4. Intercostal blood vessels and nerves are
located between the internal and inner-
most intercostal muscles found between
pairs of ribs. They run under the subcostal
groove of the superior rib of the pair.
a. Posterior intercostal arteries arise from

the thoracic aorta in paired, segmented
branches. They run laterally and ante-
riorly and supply the body wall.

b. Anterior intercostal arteries arise from
the internal thoracic artery. These sup-
ply the anterior body wall and anasto-
mose with the posterior intercostal
arteries. The internal thoracic artery
divides into two terminal branches, the
superior epigastric artery of the ante-
rior abdominal wall and the muscu-
lophrenic artery of the diaphragm.

c. Intercostal veins parallel the arteries.
Anterior intercostal veins empty into
the internal thoracic veins. Posterior
intercostal veins empty into the azygos
and hemiazygos veins. The superior
intercostal veins empty into the bra-
chiocephalic veins.

d. Spinal nerves arise from the spinal cord
in a paired, segmented manner. The
anterior primary rami travel laterally
and anteriorly along with the intercostal
arteries and veins as intercostal nerves.
Lateral cutaneous branches are given
off laterally. As the nerves reach the
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midline, anterior cutaneous branches
are given off to the anterior chest wall.

C. The pleural cavities
The pleural cavities contain the lungs. The pleu-

ral cavity is lined with pleura, a serous membrane.
1. Parietal pleura lines the pleural cavity

itself. Parietal pleura is subdivided by
region.
a. Costal pleura lines the inner aspect of

the rib cage.
b. Diaphragmatic pleura lines the supe-

rior aspect of the diaphragm.
c. Mediastinal pleura covers the medi-

astinum.
d. Cervical pleura (cupola) extends into

the neck.
2. Visceral pleura lines the lungs.

a. Both parietal and visceral pleura are
continuous at the root of the lung.

D. Lungs
The pleural cavities contain the lungs. The func-

tional site of the lungs are the alveoli, where the
exchange of oxygen and carbon dioxide take
place. The alveoli are supported by elastic tissue
that tends to collapse and shrink the lung during
expiration.

1. Surfaces of the lung
a. The rounded, superior apex that bulges

up through the thoracic inlet.
b. The mediastinal surface that contacts

the mediastinum.
c. The convex costal surface that fits the

ribs.
d. The concave base or diaphragmatic

surface resting on the diaphragm.
2. Borders of the lung

a. The anterior border separates the costal
surface from the mediastinal surface.

b. The posterior border separates the
costal surface from the mediastinal sur-
face posteriorly.

c. The lower circumferential border sepa-
rates the diaphragmatic surface from
the costal and mediastinal surfaces.

3. Fissures and lobes of the lung
a. The lungs are divided into lobes by fis-

sures. The right lung has three lobes,
and the left lung has two. Although  both
lungs have an oblique fissure dividing
them into a upper and lower lobes, the
right lung has a second horizontal fissure
that creates an additional middle lobe.

b. The cardiac notch on the left lobe is a
feature substituting for the lack of a
third, middle lobe.

4. The hilum of the lung is the entrance and
exit for the air tubes and blood vessels.
a. The pulmonary artery carries unoxy-

genated blood from the right ventricle
to the lungs, and the pulmonary vein
carries oxygenated blood from the
lungs.

b. The bronchi arise from the midline tra-
chea. They carry air to the lung
through the hilum during inspiration
and from the lung during expiration.

c. The bronchial artery arises from the
thoracic descending aorta and travels
to the hilum to supply the lung.

d. Autonomic nerves enter the lungs
through the hilum.

e. Lymphatic vessels enter and leave the
lungs through the hilum.

E. Bronchi
The trachea is composed of cartilaginous rings

connected with fibroelastic tissue. The rings are
not complete; the posterior portion that lacks car-
tilage is covered with fibrous tissue and involun-
tary muscle.

The trachea descends along with but anterior to
the esophagus from the neck. The isthmus of the
thyroid gland crosses the second or third tracheal
ring. The trachea enters the inlet of the thorax,
deep to the sternum, and at vertebral level T5 it
bifurcates at a midline cartilaginous ring called
the carina into the right and left primary bronchus.
The right primary bronchus is wider, shorter, and
more directly in line with the trachea.

1. Right bronchus
a. The right primary bronchus divides

into three secondary bronchi, corre-
sponding to the three lobes of the right
lung. The secondary bronchus to the
upper lobe separates before the pri-
mary bronchus passes through the
hilum of the lung. The primary
bronchus within the lobe divides and
supplies secondary bronchi to the mid-
dle and lower lobes.

b. Each secondary bronchus further
divides into tertiary bronchi that con-
tinue to divide until they lose cartilagi-
nous support.

c. At this point the walls of the tubes are
lined with smooth muscle and are
called bronchioles. Bronchioles end as
terminal bronchioles, with ductules
that lead into alveoli.

d. Alveoli are blind sacs that are one cell
thick. They are the site of gas exchange.
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e. Surrounding each alveolus are capillar-
ies from arterioles supplied by pul-
monary arteries. These capillaries
anastomose with venules that course
and unite as pulmonary veins.

2. Left bronchus
a. The structure of the left bronchial tree

is similar to the right, with two excep-
tions. Because there are only two lobes
in the left lung, there are only two
rather than three bronchi that divide to
create tertiary bronchi.

F. Blood supply
1. Bronchial arteries supply blood to the

lungs. They branch from the descending
aorta and course along with the bronchi
and bronchioles to the parenchyma of the
lung. Lymph vessels parallel the arterial
vessels but drain in the opposite direction
to the bronchomediastinal trunk.

G. Nerve supply
1. The lungs are controlled by the sympa-

thetic and parasympathetic divisions of
the autonomic nervous system.
a. Pulmonary branches of the vagus

nerve (the tenth cranial nerve) func-
tion as parasympathetic efferent
nerves. They are bronchoconstrictors
and secretomotors.

b. Sympathetic efferents are derived
mainly from the second, third, and
fourth ganglia of the sympathetic trunk.
They function as bronchodilators.

2. Both divisions form a pulmonary nerve
plexus around the pulmonary vessels at the
hilum of the lung. They surround and follow
the vessels as they pass into the lung.

3. The phrenic nerve supplies pleura adjacent
to the diaphragm and mediastinum. Costal
pleura is supplied by intercostal nerves.

H. Mechanics of breathing
1. Air is inhaled during inspiration and

exhaled during expiration.
a. Inspiration: the muscles involved in

breathing enlarge the pleural cavity in
three planes to increase the volume and
decrease the pressure within the lungs.
(1) The transverse diameter increases

when intercostal muscles raise
the ribs at the costovertebral and
costosternal joints and move them
laterally.

(2) The anteroposterior diameter
increases when the right and left rib
pairs raise around the costoverte-

bral joints and move the sternum
anteriorly.

(3) The size of the vertical plane
increases when the diaphragm con-
tracts downward.

(4) During forced inspiration, additional
muscles are called into action:
(a) Scalene muscles of the neck

raise the first two ribs.
(b) The sternomastoid muscle

raises the manubrium.
(c) Extremely labored breathing

may include the pectoral mus-
cles and the serratus anterior
muscle.

b. Expiration: normal expiration is pas-
sive. Elastic recoil of the lungs forces
air out when the muscles of respiration
are relaxed.
(1) During forced expiration, abdomi-

nal muscles contract and raise
intra-abdominal pressure while the
diaphragm relaxes.

I. The mediastinum
The mediastinum separates the pleural cavities. It

is a group of midline structures covered on the left
and right surfaces with mediastinal pleura. The
mediastinum contains the heart and associated
great vessels, thoracic trachea and bronchi, the tho-
racic esophagus, the vagus nerves, phrenic nerves,
and the thoracic duct. The mediastinum is divided
into four areas, including the middle mediastinum,
anterior mediastinum, superior mediastinum, and
posterior mediastinum (Figure 1–38).

Middle mediastinum 
1. Contains the pericardial sac and enclosed

heart.
a. Pericardial sac

(1) Pericardium is composed of a
tough outer layer of fibrous tissue
and an inner layer of serous mem-
brane called visceral pericardium or
epicardium.

(2) The outer layer is adherent to the
diaphragm.

2. Heart
a. Shape and position—the heart is within

the thorax, behind the sternum, and
above the diaphragm. It is located
closer to the anterior chest wall than
the posterior chest wall.
(1) The superior border is at the level

of the sternal angle.
(2) The inferior border passes to the left

above the xiphoid process to a point
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10 centimeters left of the midline.
The inferior border ends to the left
as the apex of the heart, at the fifth
intercostal space or the sixth rib.

(3) The left border runs obliquely
upward toward the sternal angle.

(4) The right border runs parallel to the
right of the sternum inferiorly to the
level of the 5th intercostal space.

b. Chambers
(1) The right atrium forms the entire

right surface and border of the
heart and about one-quarter of the
anterior surface. The right auricle
is an extension of the right atrium;
it encircles the base of the aorta.

(2) The left atrium is on the posterior
surface of the heart. The left auricle

PARIETAL PLEURA

Costal pleura

Diaphragmatic
pleura

Mediastinal pleura

Cervical pleura
(cupola)

VISCERAL PLEURA

Pleural cavity

Costodiaphragmatic
recess

Parietal pericardium

Visceral pericardium

Pericardial space
Heart

PARIETAL PLEURA

Costal pleura

Mediastinal pleura

VISCERAL PLEURA

Pleural cavity

Parietal pericardium

Visceral pericardium

Pericardial spaceHeart

Costomediastinal recess
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B
Figure 1–38. Sections through thorax to show pleural cavities, mediastinum, and coverings. A, Coronal section. B,
Transverse section. (From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001.)
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encircles the base of the pulmonary
trunk.

(3) The right ventricle forms two-thirds
of the inferior border of the heart
and most of the anterior surface.

(4) The left ventricle forms almost all
of the left border of the heart and
the apex, which is a small piece of
the left inferior border.

c. Surface of the heart: the heart has three
surfaces and an apex.
(1) The sternocostal surface is on the

anterior surface of the heart. It is
almost completely overlapped by
the lungs.

(2) The diaphragmatic surface rests on
the diaphragm.

(3) The posterior surface consists
mostly of the left atrium and left
ventricle.

(4) The apex of the heart may be
observed beating in the left fifth
intercostal space, about 10 cm from
the midline.

d. Features of the heart—two grooves on
the surface of the heart delineate
underlying septa between chambers.
(1) The atrioventricular sulcus repre-

sents the septum separating the
atria from ventricles.

(2) The interventricular sulcus repre-
sents the septum separating the
right ventricle from left ventricle.

e. The heart wall—the heart consists of
three layers.
(1) The epicardium (visceral peri-

cardium) is a serous layer covering
the external heart.

(2) The myocardium, a layer of cardiac
involuntary muscle with the prop-
erty of automaticity.

(3) The endocardium, an inner endo-
thelial lining.

f. Entrances to and exits from the heart
(1) The superior and inferior venae

cavae enter the right atrium carry-
ing deoxygenated blood from the
system. The superior vena cava
carries returning blood from the
head, upper limb, and thorax. The
inferior vena cava carries returning
blood from the lower limbs and
abdomen.

g. Internal features of the right atrium—
the right atrium of the heart receives

blood from the superior and inferior
venae cavae.
(1) The orifice of the superior vena

cava lies superior to the orifice of
the inferior vena cava. It does not
have a valve.

(2) The orifice of the inferior vena
cava lies inferior to the orifice of
the superior vena cava. It has a
small, albeit rudimentary, crescent-
shaped valve.

(3) The crista terminalis is a ridge
that runs vertically between ori-
fices of the superior and inferior
venae cavae. It represents the
junction between the sinus veno-
sus and the heart in the develop-
ing heart of the embryo.

(4) The pectinate muscles radiate out
from the crista terminalis at right
angles.

(5) The fossa ovalis, an oval depres-
sion above the valve of the inferior
vena cava, represents the remnant
of foramen ovale, the prenatal
shunt from the right to the left
atrium.

(6) The right auricle is an appendage
of the right atrium.

(7) The left auricle is an appendage of
the left atrium.

(8) The right atrioventricular valve
leads to the right ventricle. It is
called the tricuspid valve because
it has three leaflets

(9) The coronary sinus opens into the
right atrium just above the atri-
oventricular orifice. It returns
blood from the heart walls.

(10) The sinoatrial and atrioventricular
nodes are not visible upon gross
inspection of the heart. The sinoa-
trial node is located at the junction
of the superior vena cava and the
right atrium. It is the pacemaker
of the heart. The atrioventricular
node is located above the opening
of the coronary sinus. It relays the
signal from the sinoatrial node.

h. Internal features of the left atrium—the
left atrium receives blood from pul-
monary veins from the lungs.
(1) Two right and two left pulmonary

veins enter the heart through four
separate orifices.
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(2) The left atrium is drained through
the left atrioventricular valve. This
valve is called the bicuspid or mitral
valve because it has two leaflets.

i. Internal features of the right ventricle—
the right ventricle receives blood from
the right atrium through the right atri-
oventricular valve. It has a thicker and
more muscular wall than the right
atrium because it is a pumping chamber.
(1) Ridges of cardiac muscle called

trabeculae carneae give the internal
surface a roughened appearance.

(2) The right atrioventricular or tricus-
pid valve has three leaflets. The
bases of these are anchored to a
tendinous ring around the orifice of
the valve.

(3) The chordae tendineae extend from
the free edges of the cusps of the tri-
cuspid valve to papillary muscles.

(4) Papillary muscles anchor the chor-
dae tendineae and cusps to the
heart wall. These muscles contract
as the ventricles contract, ensuring
that the cusps of the valve seal the
orifice but are not pushed back into
the right atrium.

(5) The pulmonary valve is a three-
pocket valve. After the right ventri-
cle contracts, the pockets of this
valve fill with blood and prevent
further backflow of blood into the
right ventricle.

(6) The septomarginal trabeculae con-
tains cardiac fibers that conduct
impulses from the interventricular
septum to the anterior papillary
muscle.

j. Internal features of the left ventricle—
the left ventricle pumps blood to the
whole body. The walls are thick and
muscular.
(1) The trabeculae carneae are ridges of

cardiac muscle that roughen the sur-
face as they do in the right ventricle.

(2) The left atrioventricular valve has
two valves. It is also known as the
mitral valve.

(3) The chordae tendinae prevent the
valves from extending into the left
atrium during ventricular contrac-
tion.

(4) The aortic valve has three pockets.
It prevents backflow of blood from

the aorta back into the left ventricle
following contraction.

k. Blood vessels—the right and left coro-
nary arteries supply the heart muscle
with oxygenated blood. They are the
first pair of arteries to leave the aorta.
They arise just above the aortic valve.
The various cardiac veins of the heart
drain into the coronary sinus, which is a
single, large vein that enters the right
atrium of the heart.
(1) The right coronary artery passes

inferiorly in the anterior atrioven-
tricular sulcus and supplies blood
to cardiac tissue. At the inferior
margin of the heart it gives off the
right marginal branch, then turns
posteriorly and ascends into the
posterior atrioventricular sulcus
until it reaches the posterior inter-
ventricular groove. It divides into
two branches, one of which contin-
ues posteriorly in the atrioventric-
ular sulcus to anastomose with the
circumflex artery. The other
branch turns down toward the
apex of the heart to anastomose
with the anterior interventricular
branch of the left coronary artery.

(2) The left coronary artery, traveling
between the left atrium and pul-
monary trunk, reaches the atrioven-
tricular or coronary sulcus. Here it
gives off two branches. The anterior
interventricular branch descends in
the sulcus toward the apex of the
heart. It curves posteriorly and
anastomoses with the posterior
interventricular branch of the right
coronary artery. The circumflex
branch travels around in the atri-
oventricular sulcus to the posterior
of the heart. It descends obliquely
to anastomose with the terminal
part of the right coronary artery.

(3) The great cardiac vein travels up
the anterior interventricular sulcus
and receives venous blood. It turns
posterior and to the right as the
coronary sinus. It receives two trib-
utaries, the oblique vein from the
left atrium and the posterior vein of
the left ventricle. As the coronary
sinus approaches the right atrium,
it receives the middle cardiac vein
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and small cardiac veins. Small car-
diac veins of the right ventricle
drain directly into the right atrium.
A small amount of blood passes to
and from the heart wall via small
venae cordis minimae.

l. Innervation—intrinsic control of heart-
beat. A specialized conduction system
initiates the heartbeat and conducts
the impulse to cardiac muscle.
(1) The sinoatrial node initiates the

heartbeat. It is located in the supe-
rior aspect of the crista terminalis
at the junction of the superior vena
cava and the right atrium. The ini-
tial impulse spreads out over atrial
walls and causes them to contract
and fill the ventricle.

(2) The atrioventricular node is
located in the atrioventricular sep-
tum just above the opening of the
coronary sinus. It relays impulses
from the atrial walls and relays
them to the interventricular sep-
tum via the bundle of His.

(3) The bundle of His divides into right
and left segments, which descend in
the interventricular septum to the
right and left ventricular walls and
cause them to contract.

m. Innervation—extrinsic modification of
heartbeat.
(1) Parasympathetic fibers from the

vagus nerve (CN X) slow the heart
rate.

(2) Sympathetic fibers from the sympa-
thetic trunk speed up the heart
rate.

(3) The cardiac plexus is found on the
inferior aortic arch border anterior
to the bifurcation of the trachea.
It receives preganglionic vagal fibers
and postganglionic sympathetic
fibers; thus, it has both parasympa-
thetic and sympathetic input.
Efferent fibers from the cardiac
plexus pass to the heart to modify
the heartbeat.

n. Innervation—afferent or sensory car-
diac nerves.
(1) Afferent nerve fibers accompany

sympathetic nerves and carry feed-
back from the viscera to the central
nervous system. When cardiac
muscle lacks oxygen, impulses may

rise to a conscious, painful level as
angina pectoris.

Anterior mediastinum

The anterior mediastinum contains connective
tissue and fat, a small portion of the thymus gland,
and a few lymph nodes.

Superior and posterior mediastinum

A. The trachea and bronchi are described in
previous material about the lung.

B. The esophagus extends from the pharynx at
vertebral level C6 to the abdomen at level
T11.
1. The esophagus has three components: a

cervical, thoracic, and abdominal portion.
2. The esophagus has four constrictions: the

origin or pharyngeal end; where it passes
the aortic arch; the superior mediastinum,
at the bifurcation of the trachea; and
where it passes through the diaphragm.

3. The esophagus has a sphincter at both
ends; the cricopharyngeus muscle pre-
vents swallowing air at the pharyngeal
end, and the cardiac sphincter prevents
regurgitation of stomach contents at the
abdominal end.

4. The esophagus enters the thorax and
superior mediastinum through the tho-
racic inlet. It is anterior to the vertebrae
and posterior to the trachea. It descends
into the posterior mediastinum. The aor-
tic arch and descending aorta intervene
between the vertebrae and the esopha-
gus below the level of the heart. The
esophagus turns anteriorly and slightly
to the left as it passes through the
diaphragm.

5. In the cervical region, the esophagus
receives branches from laryngeal arteries.
In the thorax, it receives visceral
branches from the aorta. In the abdomen,
it receives branches from the short and
left gastric arteries.

6. The esophagus acquires autonomic
nerves as it descends. In the cervical
region, it receives sympathetic fibers from
the cervical sympathetic ganglia and
parasympathetic fibers from recurrent
laryngeal branches of the vagus nerve. In
the thorax and abdomen, it picks up sym-
pathetic fibers from the sympathetic trunk.
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The parasympathetic supply is from the
vagus nerves. In the superior mediastinum,
the right and left vagus nerves form a
plexus around the esophagus and follow
the esophagus into the posterior medi-
astinum and through the diaphragm. In the
abdomen, the vagus nerves reconstitute as
anterior and posterior vagal trunks.

C. Within the thorax, the aorta is divided into
three parts: the ascending aorta, the aortic
arch, and the descending aorta.
1. The ascending aorta originates at the aor-

tic orifice. It passes superiorly to the level
of the second costal cartilage. Above the
aortic valves, the ascending aorta bulges
as the aortic sinus. The right and left coro-
nary arteries arise from the right and left
coronary sinuses.

2. The aortic arch begins at the level of the
second costal cartilage. It arches to the
left, and its superior border lies at about
the midpoint of the manubrium. It
descends to level T4 and continues inferi-
orly as the descending aorta.
a. The brachiocephalic artery is the first

branch arising from the aortic arch. It
arches up to the right sternoclavicular
joint. At this level it divides into the
right common carotid artery and the
right subclavian artery.

b. The left common carotid artery rises
from the apex of the aortic arch poste-
rior to the left sternoclavicular joint. It
ascends through the left side of the neck.

c. The left subclavian artery arises imme-
diately distal to the left common carotid
artery and passes to the left upper limb.

3. The descending aorta descends from ver-
tebral level T4. It descends through the
posterior mediastinum and provides
branches to thoracic viscera and the tho-
racic wall. It ends by passing through the
diaphragm to become the abdominal
aorta at vertebral level T12.
a. Visceral branches supply the lungs,

esophagus, pericardium, and diaphragm.
b. Somatic branches consist of the lower

nine posterior intercostal arteries and
the subcostal artery.

4. There are three main veins within the tho-
rax, the inferior vena cava, the superior
vena cava, and the azygos and hemiazy-
gos systems of veins.
a. The inferior vena cava drains the lower

limbs and the abdomen. It pierces the

diaphragm, rises in the thorax, and
ends in the inferior aspect of the right
atrium of the heart.

b. The superior vena cava is formed by
the right and left brachiocephalic veins
at the level of the first costal cartilage
behind the manubrium. It drains the
upper limbs and the head and neck.
The superior vena cava then descends
behind the sternum and enters the
right atrium of the heart at the level of
the third costal cartilage. The brachio-
cephalic veins are formed by a union of
the internal jugular veins and the sub-
clavian veins at the root of the neck
behind the sternoclavicular joints.

c. The azygos and hemiazygos system
of veins drains the thoracic wall. The
right and left ascending lumbar
veins ascend from the abdomen to the
thorax.
(1) The right ascending lumbar vein

passes through the diaphragm and
continues to rise as the azygos
vein. The azygos vein empties into
the superior vena cava.

(2) The left ascending lumbar vein con-
tinues up into the thorax as the
inferior hemiazygos vein and drains
the lower intercostal veins. It
ascends to approximately vertebral
level T8 and then crosses the mid-
line to join the azygos vein on the
right side.

(3) An accessory, or superior, hemiazy-
gos vein drains the fourth, fifth,
sixth, and seventh intercostal veins
as it descends to the level of T8. At
T8 it enters the azygos vein. The
upper three intercostal veins join to
form the superior intercostal vein,
which ascends to drain to the left
brachiocephalic vein.

5. The thoracic duct begins in the abdomen
as a small sac called cisterna chyli.
Lymphatics drain into it from the lower
extremities. Arising from cisterna chyli is
the thoracic duct. It enters the thorax
through the aortic opening in the
diaphragm. Within the thorax it acquires
lymphatic drainage through the broncho-
mediastinal trunk. As the duct approaches
the neck, it empties its contents into the
confluence of the left internal jugular and
left subclavian veins.
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6. Four types of nerves are found in the tho-
rax: intercostal nerves, the sympathetic
trunk and its branches, the phrenic nerve
and its branches, and the vagus nerve.
a. The intercostal nerves arise from the

spinal cord as anterior primary rami of
spinal nerves T1 through T12. These
nerves supply the musculature of the
thoracic walls and return cutaneous
sensation from the skin of the chest
wall and the upper abdominal wall.

b. The sympathetic trunk and its branches
run laterally to the thoracic vertebral
bodies. Incoming white rami commu-
nicantes run from intercostal nerves in
the ganglia of the sympathetic trunk.
Outgoing postganglionic gray rami com-
municantes pass back to the intercostal
nerves to be distributed along with the
intercostal nerves.
(1) Splanchnic nerves do not synapse

in the sympathetic chain of ganglia.
c. The phrenic nerve arises from the neck

from anterior primary rami of spinal
nerves C3, C4, and C5. It descends
along the anterior surface of the
scalenus anterior muscle, entering the
thoracic inlet anterior to the subcla-
vian artery. It descends along the lat-
eral mediastinum to the diaphragm. It
carries efferent and afferent fibers to
and from the diaphragm.

d. The vagus nerve exits the skull through
the jugular foramina. It descends and
enters the thoracic inlet anterior to the
subclavian arteries. The right vagus
nerve gives rise to the right recurrent
laryngeal nerve. The left vagus nerve
gives rise to the left recurrent laryngeal
nerve. Both vagus nerves descend pos-
teriorly to the root of the lung, where
they provide pulmonary branches to
the pulmonary plexus and branches to
the cardiac plexus. The nerves descend
through the thorax as a nerve plexus
surrounding the esophagus, and then
form again as anterior and posterior
vagal trunks within the abdomen.

e. The cardiac plexus is found below the
aortic arch and anterior to the tracheal
bifurcation. It receives sympathetic
postganglionic fibers from the cervical
sympathetic ganglia. It receives pregan-
glionic parasympathetic fibers from the
vagus nerves. Efferent fibers go to the
heart.

f. The pulmonary plexus surrounds pul-
monary vessels at the root of the lungs.
Sympathetic fibers come from the car-
diac plexus. Parasympathetic fibers
come from vagal nerves. Outgoing
fibers go to the lung.

g. The thymus gland is composed of lym-
phoid tissue. It produces T lympho-
cytes, shrinks following puberty, and is
replaced by adipose tissue.

1.4 Abdominopelvic Cavity

The abdominopelvic cavity extends from the
floor of the pelvis and rises to the level of the fifth
intercostal space within the thoracic cage. The
abdominal cavity is enclosed by the pelvic
diaphragm below, the muscular anterolateral
abdominal wall on the sides, and a muscular and
bony posterior wall and the thoracic diaphragm
above. The abdomen contains most of the diges-
tive tract and the viscera of the genitourinary sys-
tem.

A. Skeleton of the abdomen: the skeleton of the
abdomen is divided into thoracic, vertebral,
and pelvic components.
1. Thoracic component: the abdominal cav-

ity extends into the thoracic cage between
the fifth intercostal space above and the
costal margin below. The thoracic cavity
has been discussed in Section 1.3.

2. Vertebral component: the lower thoracic
vertebrae, lumbar vertebrae, the sacrum,
and the coccyx compose the vertebrae
located in the abdomen.
a. Thoracic vertebrae: there are 12 tho-

racic vertebrae. They have a number of
features that distinguish them from the
rest of the vertebrae in the spinal col-
umn.
(1) The body is heart-shaped.
(2) The body has an articulating facet

for the head of a rib.
(3) The transverse process has an

articulating facet for the tubercle of
a rib.

(4) The spinous process is long and
slender.

b. Lumbar vertebrae: there are five lum-
bar vertebrae, distinguished by four
features.
(1) The body is large and bean-shaped.
(2) There are no facets for ribs.
(3) Transverse processes do not have

transverse foramina.
(4) The spinous processes are square.
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c. The sacrum: the sacrum is a solid, trian-
gular mass formed from five elements.
(1) The posterior spinous processes

are represented by a median crest.
(2) Fused transverse processes form a

lateral mass that terminates laterally
as two ear-shaped articular surfaces.

(3) The sacral promontory projects
anteriorly.

(4) The sacral canal continues the ver-
tebral canal inferiorly from the lum-
bar region.

(5) Four anterior and posterior pelvic
foramina leave the sacral canal on
either side. These transmit sacral
anterior and posterior primary rami.

d. The coccyx: the coccyx is a triangular
mass formed by the fusion of four seg-
ments.
(1) Pelvic component

(a) Os coxae: the ilium, ischium,
and pubis bones fuse by about
age 16 to form the os coxae.
The right and left os coxae form
the lower hip girdle. They join
with the sacrum and coccyx to
form the pelvic cavity, which
surrounds and protects several
pelvic viscera.
(i) The ilium consists of a

flared, flattened plate with
a concave medial surface.
It ends superiorly as the
iliac crest. The iliac tuber-
cle is a small, bony eleva-
tion on the superior lateral
aspect of the iliac crest.
The anterior inferior and
anterior superior iliac
spines are two small eleva-
tions on the anterior sur-
face of the iliac crest.

(ii) The inferior surface of
the ischium (the ischial
tuberosity) supports a per-
son when sitting.

(iii) The pubis on each side
meets in the middle at the
symphysis pubis. The pubic
tubercle is lateral to the
symphysis. The inguinal lig-
ament connects the pubic
tubercle to the anterior
superior iliac spine.

(iv) The pubis and ischium
meet and form the obtura-
tor foramen.

(v) The acetabulum serves
as the receptacle for the
femur.

(vi) The ischial spine pro-
jects posteriorly from the
ischium. It divides the pos-
terior aspect of the bone
into the greater sciatic
notch above and the lesser
sciatic notch below.

(b) Pelvic cavity—is divided into an
upper pelvis within the iliac
crests, and a lower pelvis, which
is surrounded by the right and
left pubis, the ischium, and the
sacrum. The sacrum extends
into the lower pelvis as a pro-
montory.

B. Divisions of the abdomen—the abdomen
may be divided into regions according to two
systems.
1. One system divides the abdomen into

four quadrants, based on the median
sagittal plane in the abdomen intersecting
with a transverse plane.

2. The other system divides the abdomen into
nine regions based on two sagittal and two
transverse planes through the abdomen.
a. The sagittal planes are located by a line

joining the midclavicular point to the
midpoint of the inguinal ligament.

b. The transverse planes are located by a
line joining the most inferior points of
the costal margins, and a line joining
the right and left iliac tubercles on the
superior aspects of the iliac crests.

C. Abdominal walls—the abdominal cavity is
enclosed by four walls. They are the anterolat-
eral wall, the posterior wall, the superior wall
formed by the thoracic diaphragm, and the
inferior wall formed by the pelvic diaphragm.
1. The anterolateral abdominal wall

a. Surface features: several abdominal
landmarks may be palpated, including
the costal margins, xiphoid process,
iliac crests, superior and inferior iliac
spines, and pubic tubercles. The lateral
limit of the rectus abdominis muscle is
represented by linea semilunaris.
Transverse bands running from the
linea semilunaris and the midline repre-



Section 1 Anatomic Sciences ▼ 61

MUSCLE ORIGIN INSERTION ACTION NERVE

External oblique External aspects Iliac crest, aponeurosis Increase abdominal Segmented APR of 
of lower eight ribs of anterior abdominal pressure thoracic spinal 

wall at linea alba nerves
Internal oblique Lumbodorsal fascia, Costal cartilages of Increase abdominal Segmented APR of 

iliac crest, inguinal last three ribs, linea  pressure thoracic spinal 
ligament alba of abdominal nerves

aponeurosis
Transversus abdominis Internal aspects of Linea alba of Increase abdominal Segmented APR of 

lower six costal abdominal pressure thoracic spinal 
cartilages, lumbodorsal aponeurosis nerves
fascia, iliac crest, 
inguinal ligament

Rectus abdominis Pubic symphysis, Anterior aspect of Increase abdominal Segmented APR of 
pubic crest xiphoid process, pressure, flex  thoracic spinal 

anterior aspects vertebral column nerves
of costal 
cartilages 5, 6, and 7

TABLE 1-27. MUSCLES OF THE ANTERIOR ABDOMINAL WALL

APR, Anterior primary rami.
From Liebgott B: The Anatomic Basis of Dentistry, ed 2, St. Louis, Mosby, 2001, Table 4–1, p.103. 

sent underlying tendinous inserts of the
rectus abdominis muscle. A slight
crease from the anterior superior iliac
spine runs toward the pubic tubercle,
representing the position of the inguinal
ligament.

b. Layers: the layers that comprise the
anterolateral abdominal wall below the
skin from superficial to deep are, in
order: superficial fascia, deep fascia,
muscles and aponeurosis, transversalis
fascia, extraperitoneal layer, and the
peritoneum.
(1) Superficial fascia—also known as

the subcutaneous fatty layer, it is
usually divisible further into the
more superficial Camper’s fascia
and the deeper Scarpa’s fascia.

(2) Deep fascia—this layer is more
membranous than the more super-
ficial fascia.

(3) Muscles and aponeurosis (Table
1–27)—there are four pairs of bilat-
eral muscles in the anterolateral
abdominal wall. Three of the pairs
are flat: the external oblique mus-
cle, internal oblique muscle, and
transverse abdominis muscle. The
muscles are arranged in sheets with
the fibers running in different direc-
tions for strength.

(a) The external oblique muscle—
the outermost muscle, which
courses medially from the lower
ribs. When the muscles run
down and approach the midline,
they merge with a membranous
aponeurosis. Inferior fibers
attach to the iliac crest. These
fibers form a border called the
inguinal ligament.

(b) The internal oblique muscle—
originates from the iliac crest. It
runs upward and medially and
inserts into the costal margin,
the linea alba, and the pubis,
along with transverse abdo-
minis as a conjoint tendon.

(c) The transversus abdominis
muscle—originates from the
lumbodorsal fascia, iliac crest,
inguinal ligament, and lower
costal cartilages. It runs medi-
ally, in a transverse direction,
and inserts as an aponeurosis
into the linea alba in the midline.

(d) The rectus abdominis muscle—
runs inferiorly from the costal
margin and lower thoracic cage
to the pubis, and is more like a
belt or strap. This muscle is
enclosed in a membranous
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sheath formed by the aponeu-
rosis of the three flat muscles.
The muscle inserts into the
anterior wall of the membra-
nous sheath.

In lower levels of the rectus
sheath, all of the aponeuroses are
superficial to the muscle. The arcu-
ate line demarcates the limit of the
aponeurotic layer in the posterior
wall of the rectus sheath.

(4) Transversalis fascia—a layer of
deep fascia is located just deep to
the anterolateral abdominal mus-
cles and the rectus sheath. The
fibers run in a transverse direction.

(5) Extraperitoneal layer—located bet-
ween transversalis fascia and the
deeper peritoneum. It is a fatty
layer of connective tissue.

(6) Peritoneum—is composed of organ-
ized connective tissue, in contrast
to the extraperitoneal layer.

c. Blood and nerve supply
(1) The anterolateral abdominal wall is

supplied by the lower six intercostal
nerves of the thorax. From their ori-
gin, they stream downward and
medially to the abdomen. Inferiorly,
the abdominal wall is supplied by
two branches of the first lumbar
anterior primary ramus. 

These branches (the iliohypogas-
tric and ilioinguinal nerves) supply
the skin and muscle of the lower
portion of the anterolateral abdom-
inal wall.

(2) Segmented branches of the aorta
follow the spinal nerves in poste-
rior areas. Segmented branches
arise anteriorly from superior and
inferior epigastric arteries in the
bed of the rectus sheath.

2. Superior abdominal wall
The thoracic and abdominal cavities are sepa-

rated by the diaphragm. Because the diaphragm
projects upward as a dome, abdominal contents
may be found within the thoracic rib cage and yet
still be part of the abdominal cavity.

a. Origins of the thoracic diaphragm—
muscular slips of the diaphragm origi-
nate from three sites of attachment.
(1) Sternal slips originate from the pos-

terior aspect of the xiphoid process.

(2) Costal slips originate from internal
surfaces of the lower six costal car-
tilages and the twelfth rib.

(3) Lumbar attachments arise as a right
crus from the vertebral bodies and
discs of L1, L2, and L3, and a left
crus arising from the two vertebral
bodies and discs of L1 and L2. The
two crura cross to form the median
arcuate ligament, which enters
the abdominal aorta. Tendons from
the crura to the transverse pro-
cesses of L1 form medial arcuate
ligaments. Tendons from the trans-
verse processes of L1 to the mid-
points of the twelfth ribs form lateral
arcuate ligaments.

b. Insertion of the diaphragm
(1) Fibers of the diaphragm insert into

the central tendon.
c. Structures passing through the dia-

phragm—several structures pass through
the diaphragm on their way to or from
the abdomen. Others pass between the
diaphragm and the body wall.
(1) The aorta enters the abdomen

through the median arch.
(2) The inferior vena cava passes out

of the abdomen to the thorax
through its own opening in the
central tendon.

(3) The esophagus passes through its
own opening.

(4) The thoracic duct passes through
the median arch along with the
aorta.

(5) The azygos vein passes through
the right crus.

(6) The hemizygos vein passes through
the left crus.

(7) The posterior and anterior vagal
trunks pass into the abdomen,
along with the esophagus, through
the esophageal opening.

(8) The splanchnic nerves pass
through the crura of the diaphragm.

(9) The sympathetic trunks pass
behind the medial arcuate liga-
ment to enter the abdomen.

(10) The superior epigastric arteries
pass anteriorly between the sternal
and costal origins of the diaphragm.

d. Functions of the diaphragm
(1) The main function is respiration.
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(2) Another function is esophageal
constriction to prevent gastric
regurgitation during inspiration.

e. Nerve supply to the diaphragm
(1) The phrenic nerve is the motor and

sensory supply. It arises in the neck
from anterior primary rami of
spinal nerves C3, C4, and C5.

(2) The phrenic nerve descends
through the thoracic inlet and
travels inferiorly on either side of
the middle mediastinum to reach
the diaphragm.

f. Blood supply of the diaphragm
(1) From the internal thoracic artery

through the pericardiophrenic and
musculophrenic arteries and from
aortic branches through intercostal
and phrenic arteries.

3. Posterior abdominal wall—consists of
skin and fascia, bone, and three muscles.
a. The quadratus lumborum muscle is flat

and runs from the twelfth rib and all the
lumbar transverse processes down to
the iliac crest.

b. Psoas major and iliacus muscles.
4. Inferior abdominal wall—is funnel-shaped.

a. Muscles
(1) Levator ani muscles originate along

the internal aspects of the os coxae.
The fibers run medially and inferi-
orly toward the rectum to blend
with the longitudinal smooth mus-
cle of the rectum.

(2) The coccygeus muscle is a portion
of each levator ani muscle that runs
from ischial tuberosity to the coc-
cyx.

b. The perineum—is bound externally by
the thighs and buttocks. On a deeper
plane, it is bounded by the ischiopubic
rami, which converge upon the symph-
ysis pubis anteriorly, and sacrotuber-
ous ligaments converging on the
coccyx posteriorly.

D. Peritoneum and the peritoneal cavity
1. Nomenclature

a. Peritoneum is a lining tissue. Parietal
peritoneum lines the inner abdominal
body walls.

b. Visceral peritoneum covers viscera.
c. The peritoneal cavity is the space

between the parietal and visceral lay-
ers. This space contains serous fluid,
which lubricates the viscera.

d. Some abdominal organs in the peri-
toneal cavity are suspended by mesen-
tery, which is a double-layered fold.
Vessels and nerves pass to and from
the viscera through the mesentery.

e. Retroperitoneal viscera organs lie
within the extraperitoneal layer of the
abdominal wall and do not possess a
mesentery.

f. An omentum is a double-layered fold of
peritoneum. It joins viscera.

g. Ligaments are specifically named folds
of peritoneum that are parts of mesen-
teries or omenta.

E. Blood supply to the abdomen 
1. Arterial supply: the abdominal aorta. The

descending aorta of the thorax passes
through the diaphragm and becomes the
abdominal aorta. At vertebral level L4, it
divides into the right and left common
iliac arteries. These divide further into the
right and left external iliac arteries, which
descend to supply the lower limb and the
right and left internal iliac arteries. The
right and left internal iliac arteries supply
pelvic structures.
a. Somatic branches

(1) Inferior phrenic arteries—arise
from the aorta as it passes through
the diaphragm. The right and left
branches ascend to supply the infe-
rior aspect of the diaphragm.

(2) Lumbar arteries—there are five lum-
bar arteries. The first four pairs
arise from the aorta, but the fifth
pair arises from the internal iliac
arteries. The internal iliac arteries
turn laterally to supply the lower
abdominal wall. Anteriorly, seg-
mented lumbar arteries anastomose
with collateral branches of the supe-
rior and inferior epigastric arteries.

(3) Median sacral artery—the small
median sacral artery continues
from the bifurcation of the aorta
and supplies the anterior aspect of
the sacral area.

b. Unpaired branches to the gut and asso-
ciated glands—three unpaired branches
arise from the abdominal aorta to sup-
ply the gut and associated glands, the
liver, the pancreas, and the spleen.
(1) Celiac trunk—arises as a short

stem just below the diaphragm, at
vertebral level T12, L1, and breaks
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into three main branches. These
branches supply the abdominal
esophagus, stomach, duodenum,
liver and gallbladder, part of the
pancreas, and spleen.

(2) Superior mesenteric artery—arises
immediately below the celiac trunk
and supplies derivatives of the
midgut, including the distal half
of the duodenum, jejunum, ileum,
caecum and appendix, ascending
colon, and transverse colon.

(3) Inferior mesenteric artery—arises
at vertebral level L3 and supplies
derivatives of the hindgut distal to
the left colic flexure.

c. Paired branches to the glands of the
genitourinary system—three paired
branches supply the glands of the geni-
tourinary system; each originates from
the aorta.
(1) Suprarenal arteries—arise either

directly from the aorta or from the
renal arteries.

(2) Renal arteries—originate from the
aorta at vertebral level L1–L2. They
pass laterally to supply the right
and left kidneys.

(3) Testicular/ovarian arteries—travel
inferiorly to supply the gonads.

2. Venous return: the inferior vena cava
The external iliac veins, which drain the lower

limbs, and the internal iliac veins, which drain the
pelvis, unite within the pelvis to form the right and
left common iliac veins. These veins unite at ver-
tebral level L5 to form the inferior vena cava. The
vena cava acquires several tributaries as it passes
up through the diaphragm. The vena cava leaves
the abdomen when it passes through the
diaphragm, enters the thorax, and drains into the
right atrium.

a. Somatic branches
(1) Inferior phrenic veins—drain the

inferior aspect of the diaphragm.
They drain either to the superior
aspect of the inferior vena cava or to
the paired ascending lumbar veins.

(2) Lumbar veins—the body walls are
drained by five lumbar veins. The
first four drain to the inferior vena
cava and the fifth to the common
iliac vein. Ascending lumbar veins
parallel the inferior vena cava on
either side. These veins arise from
common iliac veins, ascend on the

posterior abdominal wall, and
travel through the diaphragm to the
thorax. Here they become the azy-
gos and hemiazygos veins.

(3) Median sacral vein—drains the
sacral region. It joins the left com-
mon iliac vein rather than the infe-
rior vena cava.

b. Tributaries of genitourinary glands—
the renal veins receive venous blood
from the right and left kidneys. The
suprarenal veins receive venous blood
from the right and left suprarenal
glands.

c. Tributaries of the gastrointestinal tract
and associated glands—veins returning
from the gut join to form the portal
vein. The portal vein enters the liver
and ultimately ends as a bed of capil-
laries. The portal capillary beds are
drained by hepatic veins, which enter
the vena cava as several hepatic veins.

F. Nerves of the abdomen
1. Somatic nerves

a. The anterior rami of the lower six tho-
racic spinal nerves and the first lumbar
nerve supply the various layers of the
anterolateral abdominal walls. Two
branches of the anterior primary rami
of L1, the iliohypogastric and ilioin-
guinal nerves, supply the lower portion
of the abdominal wall.

b. The anterior primary rami of lumbar
nerves L1 to L4 unite and divide within
the substance of the psoas muscle to
form the lumbar plexus.

c. The anterior primary rami of L4 and L5
and S1 through S4 unite to form the
sacral plexus, branches of which pro-
vide motor and sensory nerves to the
perineum and the remainder of the
lower limb.

2. Autonomic nerves
a. Sympathetic nerves

(1) Greater, lesser, and least splanchnic
nerves arise bilaterally from the
thoracic sympathetic trunks. With-
out synapsing in the sympathetic
trunk, they pass inferiorly through
the diaphragm to the abdomen.

(2) Lumbar splanchnic nerves arise
from the sympathetic portion of the
sympathetic trunk.

(3) Within the abdomen are collections
of secondary neurons. The largest
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collection is the celiac ganglion and
its plexus. The thoracic and lumbar
splanchnic nerves synapse within
these ganglia.

b. Parasympathetic nerves: parasympa-
thetic innervation of abdominal viscera
is shared by the vagus nerves and the
pelvic splanchnic nerves.
(1) Vagus nerves—the vagal plexus

within the thorax regroups as ante-
rior and posterior vagal trunks as
the vagus nerve passes through the
diaphragm. The anterior trunk sup-
plies the liver and biliary apparatus,
gastric pylorus, duodenum, and pan-
creas. The posterior vagal trunk sup-
plies the remainder of the stomach
and then joins the celiac plexus.
Vagal and celiac plexus fibers are dis-
tributed to the gut and derivatives
proximal to the left colic flexure.

(2) Pelvic splanchnic nerves—within
the pelvis, parasympathetic fibers
from S2 through S4 join the inferior
mesenteric plexus as pelvic splanch-
nic nerves and are distributed along
with branches of the plexus. They
supply the gut distal to the left colic
flexure and the pelvic viscera.

Parasympathetic fibers of the
abdomen travel to their sites of
innervation as preganglionic fibers
and synapse with secondary neu-
rons within the substance of the
organ they supply.

G. Abdominal viscera—the gut wall consists of
four layers—an outer layer of visceral peri-
toneum, a layer of smooth muscle, a submu-
cosal layer, and an inner lining of mucous
membrane.
1. The stomach—after passing through the

diaphragm, the esophagus widens to form
the stomach.
a. Position: the stomach lies within the

upper left quadrant. Its proximal end is
immediately below the left dome of the
diaphragm.

b. Features
(1) Cardiac portion—is adjacent to the

cardiac orifice. The cardiac orifice is
an area of circular muscle at the
entrance to the stomach. Left of the
cardiac orifice is the area where
the stomach bulges upward, called
the fundus.

(2) Pylorus—toward the right, the stom-
ach narrows, first to the pyloric
antrum, and then the pyloric sphinc-
ter. The pyloric sphincter controls
the release of gastric contents to the
duodenum.

(3) Body—the body of the stomach is
located between the pylorus and
cardiac portion.

(4) Curvatures—the smaller, curved
right superior border of the stom-
ach is called the lesser curvature,
and the larger, curved left infe-
rior border is called the greater
curvature.

(5) Rugae—the mucosa within the
stomach has a folded appearance
due to the presence of rugae.

c. Stomach wall—one important function
of the stomach is to break up and mix
ingested food. The stomach wall is
composed of a thick and strong muscu-
lar wall for that purpose.

d. Peritoneal coverings and attachments:
the stomach is covered with visceral
peritoneum. It is connected to other
viscera by the greater and lesser
omenta.
(1) Lesser omentum: connects the

lesser curvature of the stomach
and the proximal 3 cm of duode-
num to the liver above. The
common bile duct, portal vein,
and hepatic artery pass through
the lesser omentum in this area.
The lesser omentum ends as a free
edge. Immediately posterior to the
free edge is the epiploic foramen,
which connects the greater and
lesser sacs.

(2) Greater omentum: connects the
greater curvature of the stomach to
three structures. The gastrocolic lig-
ament, which runs down into the
abdomen and then curves back
upward and attaches to the trans-
verse colon; the gastrosplenic liga-
ment, which runs from the curvature
of the spleen; and the gastrophrenic
ligament, which becomes continu-
ous with the parietal peritoneum of
the diaphragm.

e. Arterial supply: the blood supply to the
stomach is derived from three
branches of the celiac trunk.
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(1) The left gastric artery passes to the
left and runs superiorly to the level
of the esophagus, and then turns
along the lesser curvature to sup-
ply the stomach.

(2) The splenic artery passes to the left
behind the stomach and the lesser
sac along the superior border of the
pancreas. It divides into the short
gastric artery and the left gastro-
omental artery. The short gastric
artery runs superiorly along the
greater curvature to the stomach.
The left gastro-omental artery
descends along the greater curva-
ture to supply the stomach and the
greater omentum.

(3) The common hepatic artery passes
to the right of the celiac trunk and
divides near the duodenum into two
branches, the hepatic artery and the
gastroduodenal artery. The hepatic
artery ascends and supplies the
liver with blood. On the way to the
liver, it gives off the right gastric
artery, which supplies the lesser
curvature of the stomach, and then
anatomoses with the left gastric
artery. The hepatic artery continues
superiorly, sends a cystic artery to
the gallbladder, and then divides
into right and left branches that sup-
ply the liver.

(4) The gastroduodenal artery passes
inferiorly posterior to the duode-
num and divides into two branches,
the superior pancreaticoduodenal
artery and the right gastro-omental
artery. The superior pancreatico-
duodenal artery supplies part of the
pancreas and duodenum. The right
gastro-omental artery runs to the
left along the greater curvature of
the stomach and anastomoses with
the left gastro-omental artery. It
supplies portions of the stomach
and greater omentum.

f. Venous return
(1) The veins of the stomach parallel

the arteries that supply the stom-
ach. The right and left gastric veins
drain directly into the portal vein.
The short gastric vein and the left
gastro-omental vein join the splenic
vein, which drains to the portal
vein. The right gastro-omental vein

drains to the superior mesenteric
vein, which joins the splenic vein to
form the portal vein.

2. Duodenum—the first section of the small
intestine.
a. Position: the duodenum has a semicir-

cular shape like a C. It lies in front of
the abdominal aorta and inferior vena
cava and surrounds the head and neck
of the pancreas.

b. Parts: the duodenum has four parts—a
superior first part, descending second
part, horizontal third part, and ascend-
ing fourth part.

c. Wall of the duodenum: the internal
mucous membrane lining has many cir-
cular folds, the plicae circulares.
Enzymes from the pancreas and bile
from the liver are added in the second
part at the major duodenal papilla.
Above the major duodenal papilla is
the minor duodenal papilla. It is the
entrance of the accessory pancreatic
duct into the duodenum.

d. Peritoneal attachments
(1) Most of the duodenum is retro-

peritoneal. As the fourth part of the
duodenum ascends and curves
anteriorly, the mesentery begins.

e. Arterial supply
(1) The blood supply to the duodenum

is derived from the celiac trunk and
the superior mesenteric artery. The
superior pancreaticoduodenal artery
arises indirectly from the celiac
trunk. It follows the inner curve of
the duodenum and supplies the
superior portion of the pancreas and
duodenum.

f. Venous return
(1) The superior and inferior pancreati-

coduodenal veins transport the
venous return from the duodenum
to the portal vein via the superior
mesenteric vein.

3. Jejunum and ileum
a. The fourth and ascending portion of

the duodenum becomes the jejunum.
The jejunum and ileum together form a
more mobile portion of the small intes-
tine because they have a mesentery.

b. The jejunum and ileum are located cen-
trally in the abdominopelvic cavity and
are framed by the large intestine. The
greater omentum is draped anteriorly
over the small intestine.
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c. Peritoneum attachments
(1) The root of the mesentery that

attaches the jejunum and ileum to
the posterior body wall runs diago-
nally from the duodenal to the ilio-
colic junction. Nerve and blood
supply to the small intestine travels
through the mesentery.

d. Small intestine wall
(1) The mucous membrane of the sur-

face of the small intestine has many
folds covered by fingerlike projec-
tions called villi.

e. Arterial supply
(1) The superior mesenteric artery

supplies blood to the small intes-
tine. This artery gives off intestinal
branches that travel through the
mesentery. At the small intestine,
the arteries join as arcades. Vasa
recti arise from the arcades and
supply the gut itself.

f. Venous drainage—venous return drains
to small intestinal tributaries of the
superior mesenteric vein. The superior
mesenteric vein joins the splenic vein to
form the portal vein.

4. Colon—extends from the ileocolic junc-
tion to the anus.
a. Position: the colon sits within the

periphery of the abdomen, around the
small intestine.

b. Features and parts: the longitudinal
muscle coat has three bands, called
teniae coli. Contractions in teniae coli
are called haustra. The outer peritoneal
surface of the colon has appendices
epiploicae, small bags of fat-filled peri-
toneum hanging from its surface. The
large intestine has the caecum and
appendix, ascending colon, transverse
colon, descending colon, sigmoid
colon, rectum, and anal canal.
(1) Caecum and appendix

(a) The ileum meets the colon at the
ileocaecal orifice. The iliocaecal
valve, located at the entrance to
the orifice, prevents regurgita-
tion back into the ileum. The
vermiform appendix opens into
the caecum below the ileocolic
orifice.

(2) Ascending colon
(a) The ascending colon is attached

to the posterior body wall. It is
retroperitoneal and ascends

and turns to the right as the
right colic or hepatic flexure.

(3) Transverse colon
(a) The transverse colon has a

mesentery. As it approaches
the left side, it ascends to the
level of the spleen and turns
inferiorly. The flexure is the left
colic or splenic flexure.

(4) Descending colon
(a) The descending colon is immo-

bile. At the level of the left iliac
crest, it turns medially as the
sigmoid colon.

(5) Sigmoid colon
(a) The sigmoid colon once again

acquires a mesentery and is
mobile. It is S-shaped and, once
in the middle of the sacrum,
extends inferiorly as the rectum.

(6) Rectum and anal canal
(a) At the pelvic diaphragm, the

rectum turns and becomes the
anal canal. The involuntary
internal sphincter ani and the
voluntary external sphincter
ani control the release of con-
tents.

c. Wall of the colon
(1) The mucous membrane lining of

the large gut does not contain any
villi. The surface is designed for
water absorption.

d. Arterial supply: the colon is supplied
by branches of superior and inferior
mesenteric arteries.
(1) Superior mesenteric artery

(a) The iliocolic artery arises from
the superior mesenteric artery
and travels through the mesen-
tery toward the iliocaecal junc-
tion. An ileal branch travels
back to the ileum to supply the
distal end of the ileum. An
appendicular branch travels
through the mesoappendix and
supplies the appendix. Caecal
branches supply the caecum,
and colic branches ascend to
supply the ascending colon.

(b) The right colic artery arises
from the superior mesenteric
artery. It supplies the superior
portion of the ascending colon.

(c) The middle colic artery travels
through the transverse meso-
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colon to supply the transverse
colon.

(2) Inferior mesenteric artery
(a) The inferior mesenteric artery

arises from the abdominal aorta.
It passes to the left and forms
three terminal branches—the
left colic artery; sigmoid arter-
ies; and rectal branches to
supply the descending colon,
sigmoid colon, and rectum.

e. Venous return
(1) The caecum and ascending and

transverse colon are drained by trib-
utaries of the superior mesenteric
vein. The descending colon, sigmoid
colon, and rectum are drained by
tributaries of the inferior mesenteric
vein, which drains to the splenic
vein. The superior and inferior
mesenteric veins unite to form the
portal vein.

H. The liver—sits under the diaphragm in the
upper right quadrant. It is sheltered by the
lower right ribs.
1. Surfaces and features

a. The liver has a smooth, diaphragmatic
upper surface and an inferior visceral
surface. It has four lobes. The right
lobe lies to the right of the inferior vena
cava and the gallbladder. The left lobe
lies to the left of the ligamentum teres
and the ligamentum venosum. The
quadrate lobe lies between the gall-
bladder, the ligamentum teres, and the
porta hepatis. The caudate lobe lies
between the inferior vena cava, the
ligamentum venosum, and the porta
hepatis.

2. Peritoneal attachments
a. Coronary ligament—the visceral peri-

toneum that covers the liver reflects
back onto the diaphragm as the
diaphragmatic peritoneum. This area
of reflection is called the coronary liga-
ment.

b. Falciform ligament—The falciform liga-
ment extends upward from the umbili-
cus to the liver. The free edge contains
a thick ligament that is the remnant of
the umbilical vein, called ligamentum
teres.

c. Ligamentum venosum—the ligamen-
tum venosum is the remnant of the duc-
tus venosus, or umbilical vein that was
the fetal bypass of the liver.

d. Lesser omentum—joins the liver to the
stomach. The common bile duct, hepa-
tic artery, and portal vein all course
through the lesser omentum.

3. Blood flow to the liver—the blood flow to
the liver is through the hepatic artery and
portal vein.
a. Hepatic artery—arises from the com-

mon hepatic artery. It passes upward in
the free edge of the lower omentum. It
divides into left and right branches that
supply the liver.

b. Portal vein—the inferior mesenteric
vein unites with the splenic vein. The
superior mesenteric vein joins the
splenic vein to form the portal vein. The
portal vein travels upward within the
lesser omentum and divides into right
and left branches to supply the liver.

4. Venous return—blood drains from the
liver via hepatic veins to the inferior vena
cava.

5. Structure
a. Liver tissue is separated into small func-

tional units called lobules by fibrous
septa. Each lobule consists of several
sheets of epithelial cells radiating out
from a central vein. Small branches of
the hepatic artery, portal vein, and
hepatic duct are located at the periph-
ery of each lobule. The vessels empty
their blood into spaces where exchange
takes place between the epithelial cells
and blood. The central vein of the lob-
ules come together to form the hepatic
vein.

6. Biliary apparatus
a. The bile canaliculi drain bile to inter-

lobular ducts. The interlobular ducts
form right and left hepatic ducts. These
ducts join to form the common hepatic
duct. The gallbladder arises from the
common hepatic duct. A cystic duct
joins the common hepatic duct to form
the common bile duct. Bile is trans-
ported to the duodenum through the
common bile duct.

I. Pancreas—lies transversely in the abdomen
against the posterior body wall.
1. Features and parts

a. The pancreas is divided into three
parts. The head is surrounded by the
duodenum at vertebral level L1–L2.
The body extends to the left and ends
as the tail, which touches the hilum of
the spleen.



2. Peritoneum—the pancreas is retroperi-
toneal. It is covered by the peritoneum
anteriorly and provides a base for attach-
ment of the transverse mesocolon.

3. Structure: the pancreas contains both an
exocrine and endocrine portion.
a. Exocrine portion

(1) The lobules of the pancreas are
drained by ductules, which drain
into a main pancreatic duct. It emp-
ties its secretions, along with the
common bile duct, into the ampulla
of the duodenum.

b. Endocrine portion
(1) The pancreas contains clusters of

cells called the islets of Langerhans,
which produce insulin.

4. Arterial supply: the pancreas is supplied
by branches of both the celiac trunk and
superior mesenteric artery. The splenic
artery arises from the celiac trunk and
supplies the pancreas.
a. The superior pancreaticoduodenal

artery arises from the gastroduodenal
branch and passes inferiorly to supply
both the pancreas and duodenum.

b. The inferior pancreaticoduodenal artery
arises from the superior mesenteric
artery and travels superiorly between
the pancreatic head and duodenum to
supply both structures.

5. Venous drainage—the splenic vein
receives tributaries from the superior sur-
face of the pancreas and courses to the
left and takes part in formation of the por-
tal vein. The superior and inferior pancre-
aticoduodenal veins drain directly to the
portal vein.

J. Spleen—lies in the upper left quadrant of the
abdomen, protected by ribs 9, 10, and 11.
1. Features

a. The hilum of the spleen is located on
the visceral surface. The tail of the pan-
creas contacts the hilum. Splenic ves-
sels run to and from the hilum.

2. Peritoneum
a. The spleen is attached to the stomach

by the gastrosplenic ligament. The
splenorenal ligament attaches the
spleen to the left kidney.

3. Structure
a. The spleen is divided by connective tis-

sue septa into many compartments.
Within the compartments are networks
of cells surrounded by blood sinusoids.

4. Blood supply
a. The spleen is supplied by the splenic

artery and is drained by the splenic
vein.

K. Kidneys—lie in the posterior body wall, with
the medial border more anterior than the lat-
eral border.
1. Features

a. The lateral border is rounded, and the
medial border is the concave hilum of
the kidney, which contains a vertical
slit called the renal sinus through which
the ureter and renal vessels pass to and
from the kidney.

2. Peritoneum
a. The kidneys are retroperitoneal. A

layer of fibrous renal fascia anchors the
kidney to the posterior body wall. The
left kidney is slightly higher than the
right kidney and is joined to the spleen
by the splenorenal ligament.

3. Structure
a. The cortex is the pale, outer layer of

the kidney. The medulla is the inner
layer, which appears striped due to
the renal pyramids. Medullary rays are
composed of medullary tissue extend-
ing into the cortex from the base of the
pyramids. The apex of a medullary
pyramid is called the renal papilla.
Minor calyces receive secretions from
the renal papillae. Several minor
calyces join to form a major calyx. The
approximately three major calyces
found in the kidney unite to form the
renal pelvis. The renal pelvis is
drained by the ureters to the bladder.

4. Blood supply
a. The renal artery arises from the

abdominal aorta, passes laterally, and
enters the hilum of the kidney behind
the inferior vena cava. The artery gives
off a branch that passes superiorly to
the suprarenal gland. Within the sinus
of the kidney, the renal arteries end
as interlobar arteries. They course
through the renal columns to reach the
cortex. In the cortex they bifurcate
at right angles as arcuate arteries and
anastomose with each other to form
arcades.

b. Veins leave the capillary beds and coa-
lesce as renal veins. The right and left
renal veins drain to the inferior vena
cava.

Section 1 Anatomic Sciences ▼ 69



L. Ureters—the ureter carries urine from the
kidneys to the bladder. The ureters travel
inferiorly just below the parietal peritoneum
of the posterior body wall. They pass ante-
rior to the common iliac arteries as they
enter the pelvis.
1. Blood supply

a. Proximally, they receive branches from
the renal arteries, midportions receive
branches from testicular/ovarian arter-
ies, and the distal portion receives
branches from vesicular arteries.

M. The bladder—a receiving chamber for urine.
The anterior border rests against the pubic
bones. The superior aspect is covered with
peritoneum.
1. Entrances and exit

a. The right and left ureters pass to the
posterior of the bladder, converge infe-
riorly, and then enter the bladder about
2.5 cm apart. Along with the exit of the
bladder, they form the trigone of the
bladder.

2. Structure
a. The lumen of the bladder is lined with

transitional epithelial mucosa. The walls
contain smooth muscle fibers that, col-
lectively, are called the detrusor muscle.

3. Blood supply
a. The superior and inferior vesical arter-

ies arise from the internal iliac artery to
supply the bladder. It is drained by
veins of the same name that empty to
the internal iliac vein.

N. Suprarenal glands—sit on top of the kidneys.
1. Structure: the suprarenal glands have an

outer cortex and inner medulla with dis-
tinct functions.
a. The cortex is involved with production

of steroid hormones.
b. The medulla secretes epinephrine.

1.5 Cental Nervous System and
Neuroanatomy

The human nervous system maintains home-
ostasis by regulating the internal environment. It
also interprets and reacts to external stimuli. The
response to external stimuli may be unconscious
or conscious.

The nervous system consists of two kinds of cells:
reactive cells called neurons, and supportive cells
called neuroglia. It may be divided into central and
peripheral components based on location, or
somatic and autonomic divisions based on function.

A. The neuron—consists of cytoplasm and a
nucleus surrounded by a plasma membrane.
Neurons have the ability to communicate with
one another at synapses through electrical
impulses. Motor neurons transmit information,
and sensory neurons receive information.
1. Motor neuron

a. The motor neuron consists of a cell
body containing a nucleus, numerous
dendrites that receive information, and
a single axon that transmits information.
(1) Dendrites are short, branching cellu-

lar extensions that conduct impulses
toward the body.

(2) Axons are long, cellular extensions
that conduct impulses away from
the body. Near its termination, each
axon branches. Each branch ends
as an axon terminal or bouton.
Axon terminals of motor neurons
synapse with muscle cells. Several
extensions arise from the cell body
of motor neurons; thus, they are
termed multipolar.

2. Sensory neuron
a. The body of a sensory neuron has only

one cellular extension and is classified
as unipolar. The process is short and
divides into two axons. One axon, called
the peripheral process, continues to the
periphery and either functions as a sen-
sory receptor or synapses with a sen-
sory receptor. Some authors refer to
the branching component as dendrites.
The other axon is called the central
process; it extends into the central
nervous system (CNS).

3. Synapses
a. Synapses are found either at the inter-

cellular junctions of nerve processes or
between nerve processes and the cells
of effector organs. The presynaptic and
postsynaptic cells membranes are sep-
arated by a synaptic cleft.

b. Electrical impulses travel along the
axon and cause the release of neuro-
transmitters from the terminus. The
neurotransmitters diffuse across the
synaptic cleft.

c. The neurotransmitter may be excitatory
or inhibitory. An excitatory transmitter
depolarizes the postsynaptic membrane,
and an inhibitory transmitter hyperpo-
larizes the postsynaptic membrane.
Inhibitory and excitatory synapses may
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be mixed; one site on the target neuron
may receive input from only a few to as
many as 1000 synapses with other neu-
rons.

d. The net depolarization of the membrane
will determine whether the target neu-
ron propagates the impulse.

4. Neuroglia
a. Neuroglia are supportive cells. They do

not transmit impulses.
(1) Neuroglia maintain homeostasis in

the extracellular environment.
(2) They electrically insulate nerve

processes from one another.
(3) They provide nutrition for neurons.

B. Definitions and terms
1. Gray matter

a. Neuronal bodies that are grouped
together are called gray matter. It is
located in the central part of the
spinal cord surrounding the central
canal; on the surfaces of the cerebrum
and cerebellum of the cortex of the
brain; and throughout the CNS as
discrete, scattered, internal patches
or nuclei.

2. White matter
a. Myelin speeds nerve conduction.

Myelin has a shiny, white appearance,
and myelinated nerves within the CNS
cause nerve tissue to appear white.

3. Peripheral nerve
a. A peripheral nerve is composed of a

bundle of myelinated axons traveling
outside the CNS.

4. Tract
a. A tract is a group of myelinated axons

traveling together in the CNS that share
a common origin, destination, and func-
tion. Tracts run entirely within the
brain and spinal cord.

5. Nucleus
a. A nucleus is a group of neuronal cell

bodies in the CNS that are located in the
same area and share the same function.

6. Ganglion
a. A ganglion is a collection of nerve cell

bodies outside the CNS. The dorsal root
ganglia and autonomic ganglia are
examples. An exception is the basal gan-
glia of the cerebral hemispheres; they
are nuclei by definition.

7. Afferent fibers
a. Afferent fibers are axons that carry

nerve impulses toward the CNS or

toward higher centers. They are also
known as sensory or ascending fibers.

8. Efferent fibers
a. Efferent fibers are axons that carry

impulses away from the CNS to muscles
and glands. They are also known as
motor or descending fibers.

C. Division based on location: the nervous sys-
tem may be divided into the central nervous
system containing the brain and spinal cord,
and the peripheral nervous system consist-
ing of the spinal and cranial nerves.
1. Central nervous system

a. Sensory component, in which incoming
data are received at a conscious or
unconscious level.

b. A motor component, which is the origin
of outgoing commands.

c. An association component, which con-
nects and coordinates various CNS
centers.

2. Peripheral nervous system: peripheral
nerves consist of bundles of axons that
convey information to and from the CNS.
a. 31 pairs of spinal nerves from the

spinal cord.
b. 12 pairs of cranial nerves from the brain.

D. Division based on function
1. Somatic nervous system

a. The somatic nervous system controls
the body’s voluntary and reflex activi-
ties through somatic sensory and
somatic motor components of both the
central and peripheral nervous system.

2. Autonomic nervous system
a. The autonomic nervous system con-

trols involuntary smooth muscle, car-
diac muscle, and glandular tissue. It is
not under voluntary or conscious con-
trol. It has a motor component that
controls smooth muscle contractions
of viscera and blood vessels and secre-
tions of glands. It has a sensory com-
ponent to provide feedback. The
autonomic nervous system is also
divided into a parasympathetic divi-
sion and a sympathetic division.
(1) The parasympathetic division of the

autonomic nervous system is con-
cerned with maintenance of day-
to-day activity, which is also known
as vegetative function. Examples of
vegetative function include peristal-
sis and digestion, slowing the heart,
and stimulating glandular secretions.
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(2) The sympathetic division of the
autonomic nervous system is antag-
onistic to the parasympathetic divi-
sion and takes precedence during
emergencies. It is also called the
fight-or-flight response. During an
emergency, blood is shunted to
core muscles, hair stands on end,
pupils dilate, the heart beats faster,
respiration increases, and bronchi-
oles dilate for more oxygenation of
blood.

E. Peripheral nerves—located outside the CNS.
Peripheral nerves share a common structure
and function similarly; however, some have a
somatic, voluntary function and others an
autonomic function.
1. Structure

a. The axon is the basic unit of a periph-
eral nerve. Each axon is covered by
myelin-containing neurilemma, a fatty
layer that acts as an insulator.

b. The fibrous endoneurium covers each
process and its coatings.

c. The perineurium covers each bundle of
processes.

d. The epineurium is the final coating of
the entire peripheral nerve.

2. Function
a. Skeletal muscles form for movement

and locomotion, and smooth muscle
develops for peristalsis and emptying
of contents.

b. Both types of muscle have a motor
(efferent) and sensory (afferent) nerve
supply.
(1) Somatic efferent to voluntary skele-

tal muscles.
(2) Somatic afferent from skin and pro-

prioception from endings in mus-
cles, tendons, and joints.

(3) Autonomic efferent to visceral
smooth muscles and glands.

(4) Autonomic afferent from organs
and glands.

c. Two additional modalities are found in
the head, the special senses and
branchial efferent nerves that supply
skeletal muscles of the head and neck
derived from branchial arches.
(1) Special sensory for smell, vision,

taste, hearing, and balance.
(2) Branchial efferent for skeletal mus-

cle in the head and neck that is
derived from branchial arches.

3. Somatic peripheral nerves (CNS origins)
a. Voluntary motor components (efferent

somatic and branchial): motor path-
ways comprise two groups of neurons,
upper and lower.
(1) Upper motor neurons are located in

the motor cortex of the cerebrum.
These axons descend in tracts that
cross the midline and synapse with
lower motor neurons.

(2) Lower motor neurons give rise to
motor components of peripheral
nerves.
(a) Cranial nerves

(i) Lower motor neurons are
located in cranial nerve
motor nuclei in the
brainstem. The axons of
these nerves leave the
brainstem as motor com-
ponents of cranial nerves.

(ii) Cranial nerves III, IV, VI,
and XII carry somatic effer-
ent fibers. These nerves
innervate skeletal muscle
of the head that is derived
from somites.

(iii) Cranial nerves V, VII, IX,
and X carry branchial effer-
ent fibers that supply cra-
nial muscles of branchial
arch origin.

(b) Spinal nerves
(i) Lower motor neurons are

located in the ventral horn
of the spinal cord. Axons
of these neurons leave the
spinal cord as ventral
roots that form the motor
component of each of the
31 pairs of spinal nerves.
These motor nerves sup-
ply all the skeletal muscles
of the trunk and limbs.

b. General sensory (sensory somatic)—
general sensory pathways have three
sets of neurons, which synapse with
neurons in the sensory cortex of the
brain.
(1) Cranial nerves

(a) Cell bodies of the primary neu-
rons of cranial nerves are
located near the brainstem
within sensory ganglia. Periph-
eral processes pick up stimuli



Section 1 Anatomic Sciences ▼ 73

from various regions of the
head. The stimuli pass through
the ganglia and central pro-
cesses to sensory nuclei con-
taining secondary neurons
within the brainstem. Their
axons cross the midline and rise
to synapse with tertiary neurons
in the thalamus. These, in turn,
send axons up to the sensory
cortex.

(2) Spinal nerves
(a) Cell bodies of the primary neu-

rons of spinal nerves are con-
tained in the dorsal root ganglia
adjacent to the spinal cord.
Their peripheral processes
transmit impulses from sensory
receptors in skin or proprio-
ceptive receptors in muscles,
tendons, and joints. Central
processes pass through dorsal
roots into the CNS and synapse
with secondary neurons within
the dorsal horn. Axons cross
the midline and ascend to
synapse with tertiary neurons
in the thalamus of the brain.
These neurons send axons up
to synapse with the final set of
neurons located in the sensory
cortex of the brain.

c. Origins of autonomic nerves in the cen-
tral nervous system—autonomic motor.
The autonomic pathway consists of a
two-neuron chain. The first neurons are
in the autonomic motor nuclei in the
CNS. Axons are sent that leave the CNS
and synapse with a second set within an
autonomic ganglia outside the CNS. The
second neurons send out axons to the
smooth muscle and glands of the vis-
cera. This pathway has sympathetic and
parasympathetic divisions.
(1) Parasympathetic division

(a) The parasympathetic division
of the autonomic nervous sys-
tem originates from the brain
and sacral region of the spinal
cord. The first neuron is found
within parasympathetic motor
nuclei.
(i) Cranial preganglionic fibers

arise from parasympa-
thetic motor nuclei within

the brainstem and leave
as components of cranial
nerves III, VII, IX, and X.
Cranial nerves III, VII, and
IX supply cranial visceral
elements. Cranial nerve X
supplies the respiratory
system, cardiac system,
most of the gut, and associ-
ated glands up to the left
colic flexure.

(ii) Sacral preganglionic fibers
arise from parasympathetic
motor nuclei in the ventral
horns of the spinal cord at
levels S2, S3, and S4 and
leave through the ventral
roots of pelvic spinal
nerves. They then form
pelvic splanchnic nerves
that supply the distal por-
tion of the gut and pelvic
viscera.

(2) Sympathetic division
(a) The sympathetic division of the

autonomic nervous system
leaves the spinal cord at levels
T1 to L2. The first neurons are
located within the intermedio-
lateral horns, which are found
only in this region of the spinal
cord. Preganglionic fibers leave
the spinal cord along with the
anterior spinal nerve roots.
The fibers leave the nerve as
myelinated white communicat-
ing rami.

(b) On either side of the vertebral
column are a chain of cervical
ganglia. These sympathetic
trunks run the entire length of
the vertebral column. Each ver-
tebral level has an associated
vertebral ganglia. The ganglia
at levels C1 through C4 fuse to
form the superior cervical gan-
glion. The ganglia at levels C5
and C6 fuse to form the middle
cervical ganglion, and the gan-
glia at levels C7 and C8 fuse to
form the inferior cervical gan-
glion. White communicating
rami emerge from spinal levels
T1 to L2 and run to the sympa-
thetic trunk.
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(c) Within the sympathetic trunk,
preganglionic fibers may syn-
apse with the neurons of the
ganglion at that level, travel up
or down to the sympathetic
trunk to synapse in a ganglion at
a higher or lower level, or leave
the sympathetic trunk as
splanchnic nerves. Splanchnic
nerves extend into the abdomen
and synapse in prevertebral
ganglia. Postganglionic fibers in
the first and second categories
rejoin spinal nerves as unmyeli-
nated gray communicating
rami. Fourteen pairs of white
communicating rami arise from
spinal levels T1 to L2. Leaving
the sympathetic trunk to join
spinal nerves are 31 pairs of
gray rami.

(3) Distribution of postganglionic sym-
pathetic fibers
(a) Trunk and limbs

(i) Gray rami leave the sympa-
thetic trunk at each spinal
cord level to join each pair
of spinal nerves. They are
distributed along with the
spinal nerves to the trunk
and limbs where they sup-
ply smooth muscle of
blood vessels. Sympathetic
fibers also pass to the skin
and supply sweat glands,
and the arrector pili mus-
cles that cause hair to
stand on end.

(b) Head and neck
(i) Preganglionic fibers of the

sympathetic trunk rise to
the superior cervical gan-
glion. Here, the ganglionic
fibers synapse with a sec-
ond set of neurons.

(ii) Postganglionic fibers leave
the ganglion and join the
carotid arteries as the caro-
tid periarterial plexus. The
sympathetic postganglionic
fibers are then distributed
to visceral effector organs
of the head by various
branches of the external and
internal carotid arteries.

(c) Thorax
(i) Postganglionic fibers of the

three cervical sympathetic
ganglia stream down the
thorax to form the cardiac
and pulmonary plexuses.
These supply the heart and
smooth muscle of the
bronchial tree.

(d) Abdominal and pelvic viscera
(i) Preganglionic fibers leave

the sympathetic trunk in the
thorax as splanchnic nerves.
These enter the abdomen
and synapse in remote pre-
vertebral ganglia.

(ii) Postganglionic fibers travel
via branches of the abdom-
inal aorta to the viscera
of the abdomen. Thoracic
splanchnic nerves supply
derivatives of the foregut
and midgut. Hindgut deriv-
atives and urogenital pelvic
viscera are supplied from
lumbar splanchnic nerves
from the sympathetic trunk
of the lumbar region.

d. Origins of autonomic nerves in the cen-
tral nervous system—autonomic sen-
sory
(1) Visceral receptors monitor smooth

muscle tone in viscera and vessels,
blood chemistry, blood pressure,
and the content volume in hollow
organs. This information is relayed
back to the CNS via sensory compo-
nents of autonomic nerves. Afferent
impulses carrying information such
as a feeling of fullness, hunger, or
nausea travel back to the CNS along
parasympathetic nerves. The path-
ways for visceral or autonomic sen-
sation within the CNS are the same
as those for the somatic afferent
nerve fibers. Feelings of pain or
cramps travel back to the CNS along
sympathetic nerves. The brain refers
the pain to somatic sites that share
the same spinal nerve innervation.
The primary cell bodies are found in
dorsal root ganglia of spinal nerves.
Within the CNS, axons follow the
same pathway as the somatic affer-
ent fibers.



e. Nomenclature
(1) Cranial nerves

(a) The 12 cranial nerves originate
from the brain. Each is assigned
a Roman numeral. Some have
one functional component, and
others have more than one.

(2) Spinal nerves
(a) Spinal nerves exit through

intervertebral foramina and
break into two main rami.
(i) Posterior primary rami sup-

ply mixed sensory and motor
nerves to structures of the
back, the back of the neck,
and the back of the head.

(ii) Anterior primary rami sup-
ply mixed sensory and
motor fibers to the lateral
and anterior aspects of the
trunk and all the upper and
lower limbs.

(3) Nerve plexus
(a) In certain areas of the spinal

cord, anterior primary rami tend
to join and divide in complex
patterns called nerve plexuses.

(i) The cervical plexus is
formed by the anterior pri-
mary rami of spinal nerves
C1 to C4. It supplies struc-
tures in the anterior and
lateral regions of the neck.

(ii) The brachial plexus is
formed from the anterior
primary rami of spinal
nerves C5 through T1. It
supplies all the structures
of the upper limb.

(iii) The lumbar plexus is
formed by the anterior pri-
mary rami of spinal nerves
L1 through L4 and sup-
plies the pelvis and entire
lower limb.

(iv) The sacral plexus is formed
by the anterior primary
rami of spinal nerves L4
through S4 and supplies the
perineum and lower limb.

(v) The coccygeal plexus is
formed by the anterior pri-
mary rami of spinal nerves
S4 to Co 1 and supplies
skin of the coccygeal area.

f. Cutaneous distribution
(1) Most of the skin of the body is

innervated by spinal nerves. The
face and anterior scalp are inner-
vated largely by cranial nerve V.

2.0 HISTOLOGY

2.1 Ultrastructure

2.1.1 The Cell

A. Cell (plasma) membrane
1. Consists of a phospholipid bilayer (Figure

1–39). This bilayer contains proteins that
are incorporated in the membrane (inte-
gral proteins) or attached to the inner or
outer surface (peripheral proteins). Some
of these proteins can move freely within
the phospholipids bilayer. This model of
the cell membrane was first described by
the Fluid Mosaic Model.*

2. Besides phospholipids, the membrane
also contains other lipids, including cho-
lesterols and glycolipids.

3. The membrane proteins and lipids are held
together via noncovalent interactions.

B. Cell organelles
1. Nucleus

a. Is surrounded by a nuclear envelope
that consists of two (an inner and
outer) membranes. This envelope con-
tains many holes, or nuclear pores, that
allow for the selective passage of mole-
cules through it (Figure 1–40).

b. Contains DNA and RNA.
(1) In the nucleus, DNA appears as

chromatin, which consists of a com-
plex of DNA, histones, and proteins.

(2) During cell division, chromatin con-
denses into chromosomes. Each
chromosome consists of two paral-
lel, spiral-like filaments (