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Orientation for C and DOrientation for A and B

A. Lateral View B. Lateral View C. Superior View

D. Superior View
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C. Right Segmental Bronchi, Right Lateral View
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Deoxygenated blood

KEY for C:
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Anterior View
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B. Anterior View
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Lines of incision:

Figure 1.56 A & C
Figure 1.57 A & C
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Left lung

Apex of heart

Spleen   

Outline of pancreas

Stomach

Transverse colon

Ileum

Descending colon

Urinary bladder

Anterior superior iliac spine

Cecum

Ascending colon

Outline of duodenum

Fundus of gallbladder

Liver

Outline of
diaphragm

Right lung

Jejunum

Small intestine

A. Anterior View

Pylorus of stomach

Outline of
esophagus

Outline of
parietal pleura
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Scapula

Outline of
parietal pleura

Outline of
diaphragm

Liver

Right suprarenal gland

Right kidney

Ascending colon

Right ureter

Cecum

Appendix

Rectum

Urinary bladder

Sigmoid colon

Small intestine

Descending colon

Outline of pancreas

Left kidney

Spleen
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esophagus

B. Posterior View

Right lungLeft lung

Outline of stomach

Outline of duodenum
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Linea semilunaris

Location of linea alba

Umbilicus

Location of linea alba

Serratus anterior

External oblique

Rectus abdominis

Location of
inguinal ligament

Anterior View

Tendinous intersections
of rectus abdominis

Location of
anterior superior

iliac spine 

Location of pubic symphysis

Location of xiphoid process
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Lateral View
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Thoraco-abdominal nerves:

Subcostal
nerve (T12)

Iliohypogastric
nerve (L1)

Anterior abdominal 
cutaneous branch

Lateral abdominal
cutaneous branches

Ilio-inguinal
nerve (L1)

Superior
epigastric artery

Posterior layer
of rectus sheath

External oblique

Internal oblique

Transversus abdominis

Inferior
epigastric artery

Deep circumflex
iliac artery

Superficial
epigastric artery

Superficial
circumflex iliac artery

External iliac artery

Femoral artery

Cremasteric artery

Transversalis fascia

Musculophrenic
artery
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intercostal artery

10th posterior
intercostal artery

Subcostal artery

Anterior view
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T10
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Intercostobrachial
nerves (T2)

Pectoralis major

Nipple

Serratus anterior

Anterior branches of 
lateral abdominal cutaneous 
branches (T6, T7, T8)

External oblique

Aponeurosis of external oblique
(part of anterior wall of rectus sheath)

Umbilicus

Anterior superior iliac spine

Lateral cutaneous branch of
subcostal nerve (T12)

Lateral cutaneous branch of
iliohypogastric nerve (L1)

Posterior branches of lateral
abdominal cutaneous branches

of thoraco-abdominal nerves

Latissimus dorsi

Long thoracic nerve

Lateral View
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Axillary vein

Subcutaneous tissue

Thoraco-epigastric vein

Superficial epigastric vein

Femoral vein

A. Anterior view

To parasternal lymph nodes

Axillary lymph nodes

To anterior diaphragmatic
lymph nodes

Transumbilical plane

Superficial inguinal
lymph nodes

Superficial epigastric
vein

Thoraco-epigastric
vein

B
Anterior View
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5th costal cartilage

Anterior layer 
of rectus sheath

Rectus abdominis

External oblique

Tendinous 
intersection

Serratus anterior

Anterior superior 
iliac spine

Aponeurosis of 
external oblique

Membranous deep layer
of subcutaneous tissue

Intercrural fibers

Medial and lateral crura

Ilio-inguinal nerve

Spermatic cord

Great saphenous vein

External pudendal artery

Superficial inguinal ring

Superficial epigastric
artery and vein

Superficial circumflex
iliac artery and vein

Fatty layer of
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cutaneous branches
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Anterior layer
of rectus sheath

Lateral abdominal   
cutaneous branches   

A. Anterior View
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Anterior layer of rectus sheath

Pectoralis major

Rectus abdominis

7th costal cartilage

Superior epigastric artery

Posterior wall of rectus sheath

Transversus abdominis

Anterior abdominal branches of
anterior rami

Internal oblique (cut edges)

Arcuate line

Inferior epigastric
artery

Rectus abdominis

Coverings of 
spermatic cord
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Saphenous opening

Ilio-inguinal nerve

Iliohypogastric nerve

Internal oblique

Linea alba

Serratus anterior
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Anterior superior
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Transversalis fascia

B. Anterior View
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External
oblique (A)

Aponeurosis of
external oblique
(contributing to
anterior layer of
rectus sheath)

Iliac
crest

Inguinal
ligament

Femur

Internal 
oblique (B)

Transversus
abdominis (C)

D

Tendinous
intersection
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9

8
7
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9

8
7

6
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9

8
7
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A
A

B

B

L1
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L3

9
8

7

Xiphoid process

Rectus abdominis (D)

Linea alba

Tendinous intersection

Inguinal ligament

Pubic crest

Rectus sheath (anterior
layer) removed

A

A

A

A

Pyramidalis

Pubic symphysis

4

5

D

D

Aponeurosis of
internal oblique
(contributing to
rectus sheath)

Aponeurosis of
transversus
abdominis
(contributing to
posterior layer
of rectus sheath)

Aponeurotic
origin of

transversus
abdominis

A. Lateral View B. Lateral View C. Lateral View

E. Lateral ViewD. Anterior View
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Aponeurosis of
external oblique

Membranous layer
of subcutaneous

tissue (Scarpa fascia)

Spermatic cord

Continuity with superficial
fascia of penis (cut)

Potential space deep
to membranous layer

Umbilicus

Continuity with dartos
tunic of scrotum (cut)

Attachment to posterior
edge of perineal membrane

Continuity with
fascia lata

Fascia lata

Saphenous
opening

Inguinal ligament

Plane of section
in part C

Anterior superior
iliac spine

External oblique

B. Anterior View C. Sagittal Section

Skin

Skin

Aponeurosis of external oblique

Spermatic cord

Inguinal ligament

“Gutter” (floor of inguinal canal)

Superior ramus of pubis

Fascia lata

Fatty layer of subcutaneous
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Intercrural fibers

Superficial
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Pubic symphysis

External oblique

Anterior superior
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Inguinal ligament

Acetabular labrum
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Reflected ligament

Pubic tubercle

Pubic crest

A. Anterior View

Medial crus
Lateral crus
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Investing fascia

Internal oblique

Aponeurosis of external oblique (cut edge)

Aponeurosis of internal oblique

Inferior epigastric artery and veins

Transversalis fascia

Conjoint tendon

Pubic tubercle

Internal spermatic
fascia covering

spermatic cord

Cremaster muscle

Aponeurosis of
external oblique

Transversalis fascia 

Internal oblique

Ilio-inguinal nerve

Transversus abdominis
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artery and vein

Iliohypogastric nerve
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Location of
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Anterior View
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Anterior superior
iliac spine

Fatty layer 
of subcutaneous
tissue

Membranous layer
of subcutaneous tissue     

Intercrural fibers       

Femoral branch of genitofemoral nerve

Superficial inguinal ring

Medial crus of aponeurosis of exterior oblique
Fat-pad

Pubic tubercle

Artery of round ligament

Pudendal cleft

Labium majus

Round ligament of uterus

Genital branch of genitofemoral nerve

Lateral crus of aponeurosis of exterior oblique

Site of inguinal ligament

A. Anterior View
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Inferior epigastric artery
12th thoracic nerve

Iliohypogastric nerve

Internal oblique

Transversus abdominis

Ascending branch of
deep circumflex iliac artery

Inferior epigastric artery

Deep inguinal ring

Femoral branch of
genitofemoral nerve

Cremasteric artery

Conjoint tendon

Internal spermatic fascia

Genital branch of
genitofemoral nerve
to cremaster

Great saphenous vein

Femoral sheath

Edge of
saphenous opening

Fascia lata

Femoral branches of
genitofemoral nerve

Ilio-inguinal nerve

Iliohypogastric nerve

Internal oblique

External oblique
(cut edges)

Cremaster

External spermatic fascia

Genital branch of
genitofemoral nerve

to scrotal wall

Posterior layer of
rectus sheath

A. Anterior View

B. Anterior View

Internal oblique (reflected)

Transversus abdominis

Arch of transversus
abdominis

Transversalis fascia 

Internal spermatic fascia

Cremaster muscle and fascia

External spermatic fascia

Internal spermatic fascia

Tunica vaginalis (parietal layer)

Epididymis (head)

Tunica vaginalis (visceral layer)
covering testis

Suspensory
ligament of penis
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Conjoint tendon
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Aponeurosis of external
oblique (cut edge)

Cremaster and fascia

Conjoint tendon
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Internal spermatic 
fascia

Efferent ductules 
of testis

Lobules of epididymis

External spermatic 
fascia

Cremaster muscle 
within cremasteric 
fascia

C. Lateral View

Ductus deferens

Spermatic cord

Ductus deferens

Cremaster muscle
and fascia

Tunica vaginalis
(parietal layer)

Testicular veins
Testicular artery

Tunica vaginalis
(visceral layer)
covering testis

Epididymis

D. Anterior View
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(superficial fascia)

Skin
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Epididymis

Spermatic cord
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Visceral

Layers of
tunica vaginalis

Ductus deferens

Testis

Testicular artery
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E. Schematic Illustration

Testicular vessels

External oblique
External spermatic fascia
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Cremaster muscle
& cremasteric fascia

Transversus abdominis

Transversalis fascia
Internal spermatic fascia

Peritoneum
Tunica vaginalis (parietal
and visceral layers)
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Kidney

Primordial testis
(in extraperitoneal
connective tissue)

Ureter

Ductus deferens

Gubernaculum

Pubic symphysis

Peritoneum

Site of deep
inguinal ring

Testis passing
through inguinal canal

Processus
vaginalis

Gubernaculum

Testicular vessels

Spermatic cord

Ductus deferens

Mesonephric
duct

Upper
gubernaculum
(becomes
ovarian ligament)

Primordial ovaries

Paramesonephric
duct

Developing
kidney Lower

gubernaculum
(becomes round
ligament of uterus)

Labia
majora

Peritoneum

Ovary

Ligament
of ovary

Kidney

Ureter

Round
ligament
of uterus

A. 7th week Anterior View

Male

Sagittal Section to
Right of MidlineB. 7th month

C. 9th month Anterior View

D. 2nd month

Anterior View

Female

E. 15th week

Anterior View

Agur_Chap02.indd   118Agur_Chap02.indd   118 11/15/2011   3:47:36 PM11/15/2011   3:47:36 PM



Peritoneum Direct (acquired) inguinal hernia Indirect (congenital) inguinal hernia

Transversalis fascia

Transversus abdominis muscle

Internal oblique muscle

External oblique muscle

Testicular vessels entering
spermatic cord

Median
umbilical
fold

Medial
umbilical
fold

Inguinal
triangle

Lateral
umbilical
fold

Femoral artery
and vein

Deep inguinal ring

Herniating bowel passes
MEDIAL to inferior epigastric

vessels, pushing through
peritoneum and transversalis

fascia in inguinal triangle to
enter inguinal canal.

Herniating bowel passes
LATERAL to inferior
epigastric vessels to enter
deep inguinal ring.  

Superficial inguinal
ring

Hernial sac
(parallels spermatic cord)

Loop of intestine inside cord

Ductus deferens

Ductus deferens

Inguinal falx (conjoint tendon)

Spermatic cord

Hernial sac (within spermatic cord)
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Lymphatic drainage of:

Scrotum

Testis

Cisterna chyli

Thoracic duct

Aorta

Left
testicular artery

Superficial 
inguinal nodes

Femoral  artery

Scrotum
Testis

Right common
iliac artery

Lumbar
(caval/aortic)

nodes

Right
testicular artery

Preaortic nodes

Cremasteric arteries

Testicular artery

Artery of ductus
deferens

Ductus deferens 

Epididymis

Tunica vaginalis 
(cut edges)

External iliac nodes

Common iliac nodes
A. Posterior View

C. Anterior View

Ductus deferens

Head of epididymis

Efferent ductules

Rete testis

Visceral
layer

Parietal
layer

Cavity of tunica
vaginalis

Seminiferous tubule

Tunica albugineaTail Body

of epididymis

Tunica
vaginalis

B. Longitinal Section of Tunica Vaginalis; 
     Testis Sectioned in Sagittal and Transverse Planes
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Round ligament
of liver

Umbilicus

Para-umbilical vein

Transversalis
fascia

Posterior rectus
sheath

Arcuate line

Rectus abdominis

Inferior epigastric
vessels

Deep inguinal ring

Deep circumflex
iliac vessels

Iliopubic tract

Testicular vessels

Femoral nerve

Ductus deferens

Urinary bladder

Obturator nerve and vessels

Ureter (cut end)

Seminal vesicle

Prostate

Anterior recess of ischio-anal fossa

Parietal peritoneum (cut edge)

Falciform ligament
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Costodiaphragmatic
recess

Parietal peritoneum

Internal oblique

Transversus abdominis

Transversalis fascia
(cut edge)

Parietal peritoneum
(cut edge)

Lateral umbilical fold

Medial umbilical fold

Lateral inguinal fossa

Median umbilical fold

Iliacus

Femoral artery

Femoral vein

Supravesical fossa

Seminal gland

Obturator internus

Levator aniPosterior View

 External oblique

Medial inguinal fossa
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 Tendinous arch of levator ani 

Umbilical artery (obliterated distally
as medial umbilical ligament)

***

*** Femoral ring/canal
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Omental bursa (lesser sac)

Greater sac

Superior recess of omental bursa

Coronary ligament

Celiac trunk

Pancreas

Superior mesenteric artery

Transverse mesocolon

Duodenum

Mesentery of small intestine

Parietal peritoneum

Uterus

Recto-uterine pouch

Bare area

Rectum

Pubic symphysis

Urinary bladder

Greater omentum

Inferior recess of omental bursa

Visceral peritoneum investing
transverse colon

Parietal peritoneum
lining abdominopelvic wall

Visceral peritoneum
investing stomach

Visceral peritoneum
investing liver

Lesser omentum

Diaphragm

Bare area of liver

Aorta

Omental bursa (lesser sac)

Omental (epiploic) foramen

Pancreas
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Liver
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Median Section
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Infracolic
compartment
(greater sac)

Omental
bursa
(lesser sac)

Supracolic
compartment
(greater sac)

Liver
Lesser omentum

Pancreas

Falciform ligament

Stomach

Duodenum
Transverse mesocolon

Transverse colon
Mesentery of

small intestine

Greater omentum

Jejunum

Ileum

Visceral peritoneum

Parietal peritoneum

Rectovesical
pouch

Urinary bladder

Rectum

Diaphragm

Superior recess of
omental bursa

Aorta

Inferior recess of 
omental bursa

Subhepatic space

Inferior recess
of omental bursa

Transverse
mesocolon

Superior recess
of omental bursa

Stomach

Pancreas

Duodenum

Greater omentum
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small intestine

Posterior
abdominal wall Posterior
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small intestine Ileum
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Liver LiverLesser 
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B. Infant C. Adult

Schematic Sagittal Sections, Lateral View

A. Right Lateral View
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Esophagus
Left triangular

ligament
Hepatic portal vein

Splenorenal ligament 
(cut edges)

Pancreas

Root of transverse
mesocolon (cut edges)

Middle colic artery

Left gastric artery

Left kidney

Superior mesenteric artery

Superior mesenteric vein

Duodenojejunal junction

Inferior mesenteric artery

Inferior mesenteric vein

Site of bare area of
descending colon

Root of sigmoid
mesocolon (cut edges)

Falciform ligament (cut edges)

Left paracolic gutter

Splenic vessels

Left ovary

Left round ligament of uterus

Left uterine tube

Diaphragm

Middle colic vein

Site of bare area of liver

Coronary ligament

Right triangular ligament

Right suprarenal gland

Bile duct

Hepatic artery proper

Duodenum

Right kidney

Root of mesentery
of small intestine (cut edges)

Site of bare area of
ascending colon

Right ureter

Rectum

Bladder

Inferior vena cava

Right paracolic gutter

Site of cecum

Uterus

A.

B.

Transverse
mesocolon

Left colic (splenic)
flexure

Transverse
colon

Right colic
(hepatic) flexure

Supracolic
compartment

Ascending
colon

Tenia coli

Descending
colon

Root of
mesentery of
small intestine

Left 
paracolic
gutter

Left 
infracolic
space

Right
paracolic
gutter

Right
infracolic
space

Phrenicocolic
ligament

Infracolic compartment

Anterior Views
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Omental bursa
(lesser sac)

Greater sac

Plane of section
(T12 vertebra)

in A & B

T12

A. Inferior View

Spleen

Spleen

Abdominal aorta

Caudate lobe
of liver

Rib

Hepatic portal vein

Inferior vena cava

Gastrosplenic ligament

Splenorenal ligament

Left sympathetic trunk

Left kidney

Latissimus dorsi

Diaphragm

Spinous process
of T12 vertebra

Azygos vein

Erector spinae muscles

Left suprarenal gland

Lesser omentum

Celiac trunk

Splenic artery

Abdominal aorta

Stomach

Stomach (filled with contrast medium)

Common hepatic artery

7th costal cartilage

7th costal cartilage

Rectus abdominis
8th costal cartilage

Falciform ligament

Falciform ligament

Round ligament of liver

Liver

External oblique

Omental (epiploic) foramen

Inferior vena cava

Hepatorenal recess

Cystic duct

Gallbladder (neck)

Gallbladder

Deep back
muscles

Costodiaphragmatic recess

Hepatic portal vein
Hepatic artery proper

Hepatic artery proper

Bile duct

Common
hepatic duct

Left lobe of liver

Right lobe of liver

Right kidney

Right
suprarenal gland

Portal triad

Azygos vein

Thoracic duct

Right kidney

T12 spinal nerve

Parietal pleura

Spinal cord

Right suprarenal gland

Right crus of diaphragm

Right crus
of diaphragm

Left crus of diaphragm

Renal fat

B. CT Scan Inferior View

T12T12
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Omental bursa
(lesser sac)

Greater sac

Gastrocolic ligament

Anastomosis between
right and left gastro-
omental (epiploic)
arteries

Transverse colon appearing
in an unusual gap in the

greater omentum

11th costal cartilage

10th rib

Costodiaphragmatic recess

Gallbladder

Duodenum

Omental (epiploic) foramen

Site of porta hepatis

7th rib

Lesser 
omentum

Esophagus

Outline of liver (bold line)

A. Anterior View

Lesser omentum
Stomach

Gastrosplenic ligament

Visceral peritoneum 
(covering spleen)

Parietal peritoneum

Spleen

Splenorenal ligament

Left kidney

AortaInferior vena cava

Right kidney

POSTERIOR

Parietal peritoneum

Omental (epiploic)
foramen

Hepatic portal vein

Bile duct

Hepatic artery

Portal
triad

ANTERIOR

B. Transverse Section

Lesser curvature of stomach

Stomach

Greater curvature
of stomach

Diaphragm

Right lobe of liver

Free edge of lesser omentum

Pyloric canal
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Left
suprarenal

gland

Left kidney

Spleen

Left dome of diaphragm

Costodiaphragmatic recess

Gastrosplenic ligament,
cut edge (part of greater
omentum)

Splenic vein and artery

Tail of pancreas

Transverse colon

Transverse mesocolon

Left triangular ligament 

Costodiaphragmatic recess

Phrenicocolic ligament

Left gastro-omental
(epiploic) artery

Splenic artery and vein

Left dome of diaphragm

Adhesions
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B. Transverse Section, Inferior View

C. Median Section, Right Lateral View
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198 PELVIC GIRDLE

Pubic symphysis

Sacrum

Coccyx

Iliac crest

Anterior superior iliac spine
(ASIS)

Inguinal fold (dashed line)

Pubic tubercle 

Ischial tuberosity

Sacrum

Coccyx

Iliac crest

Posterior superior iliac spine

Median sacral crest 

Sacral cornu

Inferolateral angle

Right hip bone

Left hip bone

B. Posterior View

A. Anterior View

3.1 SURFACE ANATOMY OF MALE PELVIC GIRDLE

The pelvic girdle (bony pelvis) is a basin-shaped ring of three bones (right 

and left hip bones and sacrum) that connects the vertebral column to the 

femora. Palpable features (green) should be symmetrical across the 

midline. A. The anterior third of the iliac crests are subcutaneous and 
usually easily palpable. The remainder of the crests may also be palpable, 
depending on the thickness of the overlying subcutaneous tissue (fat). 

The inguinal ligament spans between the palpable anterior superior iliac 
spine (ASIS) and pubic tubercle, located superior to the lateral and medial 
ends of the inguinal fold. B. The posterior superior iliac spine (PSIS) is 
usually palpable and often lies deep to a visible dimple, indicating the 
S2 vertebral level. The ischial tuberosities may be palpated when the hip 
joint is fl exed.
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PELVIC GIRDLE

A. Anterior View

Gluteal fold

Sacrum

Right hip bone

Pubic symphysis

Iliac crest

Anterior superior iliac spine

Inguinal fold (dashed line) 

Pubic tubercle

Sacrum

Left hip bone

Coccyx

Iliac crest

Posterior superior iliac spine

Median sacral crest 

Sacral cornu

Inferolateral angle

Ischial tuberosity

Sacro-iliac joint

Sacro-iliac joint

B. Posterior View

3.2 SURFACE ANATOMY OF FEMALE PELVIC GIRDLE

The female pelvic girdle is relatively wider and shallower than that of the male, related to its additional 
roles of bearing the weight of the gravid uterus in late pregnancy and allowing passage of the fetus 
through the pelvic outlet during childbirth (parturition). A. Palpable features (green): The hip bones are 

joined anteriorly at the pubic symphysis. The presence of a thick overlying pubic fat pad forming the mons 

pubis may interfere with palpation of the pubic tubercles and symphysis. B. Posteriorly the hip bones are 

joined to the sacrum at the sacro-iliac joints.
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A. Anterior View

Sacro-iliac joint

Ala of sacrum

Sacral promontory

Sacrum

Sacrococcygeal joint

Coccyx

Acetabulum

Pubic symphysis

Pubic tubercle

Ischial spine

Anterior superior
iliac spine

Anterior inferior iliac spine

Subpubic angle

Pubic arch

Iliac crest

Iliac fossa

Ilium

Pubis

Ischium

Hip bone

Obturator foramen

Hip bone

Sacrum

Gluteal region

Obturator
membrane

Pelvic
outlet

Perineal region

Lesser pelvis

Hip bone

Plane of
pelvic inlet

Greater pelvis

B. Coronal section C. Anterior View

Lesser (true) pelvis

Greater (false) pelvis

3.3 BONES AND DIVISIONS OF PELVIS

A. Bones of pelvis. The three bones composing the pelvis are the pubis, ischium, and ilium. B. and C. Lesser 

and greater pelvis, schematic illustrations. The plane of the pelvic inlet (double-headed arrow in B ) separates 

the greater pelvis (part of the abdominal cavity) from the lesser pelvis (pelvic cavity).

PELVIC GIRDLE
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Anterior superior 
iliac spine

Anterior aspect 
of pubis

Pubic tubercle

Pubis

Obturator foramen

Ischial spine

Coccyx

Sacrum

Acetabulum

B. Lateral View

Iliac crest

Anterior superior
iliac spine

Anterior inferior
iliac spine
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Pecten pubis
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ramus of pubis

Body of pubis
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C. Medial Aspect

A. Anterosuperior View

Sacro-iliac joint

Ala of sacrum

Body of sacrum

Sacral promontory

Sacrum

Anterior superior
iliac spine

Anterior inferior iliac spine

Coccyx

Pubic symphysis

Pubic tubercle

Ischial spine

Iliac crest

Sacral canal

Superior articular process

Iliopubic eminence

Pecten pubis

Superior ramus of pubis

Groove for iliopsoas

Iliac fossa

3.4 PELVIS, ANATOMICAL POSITION

A. Pelvic girdle. B. Placement of hip bone in anatomical position. In the anatomical position, (1) the anterior 

superior iliac spine and the anterior aspect of the pubis lie in the same vertical plane and (2) the sacrum is 

located superiorly, the coccyx posteriorly, and the pubic symphysis antero-inferiorly. C. Features of hip bone.

PELVIC GIRDLE
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Superior ramus of pubis

Sacrum

Hip bone

Acetabulum

Pubic arch

Ischiopubic ramus

Obturator foramen

Sacral canal

Coccyx

Sacro-iliac joint

Groove for iliopsoas

Superior ramus of pubis

Pubic tubercle
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Ala

Body
Sacrum

A. Anteroinferior View

B. Anterosuperior View

MALE PELVIC GIRDLE3.5

TABLE 3.1 DIFFERENCES BETWEEN MALE AND FEMALE PELVES

Bony Pelvis Male Female

General structure Thicker and heavier Thinner and lighter

Greater pelvis (pelvis major) Deeper Shallower

Lesser pelvis (pelvis minor) Narrower and deeper, tapering Wider and shallower, cylindrical

Pelvic inlet (superior pelvic aperture) Heart shaped, narrower More oval or rounded, wider

PELVIC GIRDLE
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Pubic arch

Promontory of sacrum

Sacro-iliac joint

Pubic symphysis
Pubic crest

Pecten pubis

Arcuate line of ilium

Anterior border of ala

Pubic tubercle

Inferior
ramus of pubis

Ischial ramus

Ischiopubic
ramus

B. Anterosuperior View

C. Subpubic angle
"U" shaped

A. Anteroinferior View

Acetabulum

Obturator foramen

Ischial spine

TABLE 3.1 DIFFERENCES BETWEEN MALE AND FEMALE PELVES (CONTINUED)

Bony Pelvis Male Female

Sacrum/coccyx More curved Less curved

Pelvic outlet (inferior pelvic aperture) Comparatively small Comparatively large

Pubic arch and subpubic angle Narrower Wider

Obturator foramen Round Oval

Acetabulum Large Small

PELVIC GIRDLE

FEMALE PELVIC GIRDLE3.6
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A. Anteroposterior View, Male Pelvis

B. Anteroposterior View, Female Pelvis

ASIS ASIS

Pelvic inlet

O O

PA

Pelvic inlet

O O

B

ASIS ASIS

PA

A

3.7 RADIOGRAPHS OF PELVIS

A. Male. B. Female. Some of the main differences of male and female pelves are listed in Table 3.1. The radio-

graphs highlight some of these differences. A, acetabulum; ASIS, anterior superior iliac spine; O, obturator 

foramen; PA, pubic arch.  

PELVIC GIRDLE
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LIGAMENTS OF PELVIC GIRDLE

A. Anterior View

Anterior longitudinal ligament

Iliolumbar ligament

Anterior sacro-iliac ligament

Anterior inferior iliac spine

Anterior sacrococcygeal
ligament

Pelvic brim (linea terminalis)

Pubic
symphysis

Obturator membrane

Inguinal ligament

Head of femur 

Pubic tubercle

Sacrospinous ligament

Greater sciatic foramen

Anterior superior iliac spine

Iliac crest

Transverse process of L5 vertebra

Anterior sacral foramina

Iliac fossa

Sacrotuberous ligament 

Femur

Iliofemoral ligament

Pubofemoral ligament

B. Posterior View

Posterior superior iliac spine

Iliolumbar ligament

Posterior sacro-iliac ligament

Posterior sacrococcygeal ligaments

Sacrospinous ligament

Lesser sciatic foramen

Ischial tuberosity

Supraspinous ligament

Sacrotuberous ligament

Greater sciatic foramen

Posterior sacral foramen

Femur

Ischiofemoral ligament

PELVIS AND PELVIC LIGAMENTS3.8
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206 FLOOR AND WALLS OF PELVIS

Direction of piriformis 
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Sacrospinous
ligament

Ischial spine

Sacrotuberous ligament
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External
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External
iliac vein

Ischium

Pubic symphysis

Inferior pubic ligament

Internal iliac artery

Lumbosacral trunk (anterior rami L4 and L5)

Sacrum (S1 segment)

Piriformis

Ureter

Compressor urethrae

External urethral sphincter
surrounding urethra

Anterior ramus S3

Anterior ramus S1

Anterior ramus S2

Coccygeus

Coccyx

Inferior rectal
(anal) nerve

Inferior rectal artery

Perineal nerve

Perineal membrane

Perineal artery

Dorsal nerve and
artery of penis

Pubococcygeus

Pubic symphysis

Obturator internus

Pectineal ligament

Lacunar ligament

Obturator nerve

External iliac vein

External iliac artery

A

B

C

Greater sciatic
foramen

Ischial spine

Obturator
foramen

O

Lesser
sciatic foramen

Sacrotuberous
ligament

Sacrospinous
ligament

Coccyx

P

Hip bone

Medial Views

Lesser sciatic notch

S1

S2

S3

S4

S5

L4L4

L5L5

S1S1

S2S2

S3S3 S4 segment

S5 segment

L4

L5

S1

S2

S3

S1

S2

S3

S4

3.9 OBTURATOR INTERNUS AND PIRIFORMIS

• On the lateral pelvic wall, the obturator foramen is closed by the obturator 

membrane; the obturator internus muscle attaches to the obturator mem-

brane and surrounding bone and exits the lesser pelvis through the lesser 

sciatic foramen; obturator fascia lies on the medial surface of the muscle.

• Piriformis lies on the posterolateral pelvic wall and leaves the lesser pelvis 

through the greater sciatic foramen.
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FLOOR AND WALLS OF PELVIS

Muscles of floor of pelvis*:

Pelvic diaphragm (PD) = Levator ani (LA) + Coccygeus (C)
(PD = LA + C)

(LA = PC + IC)

(PC = PR + PV     )

(PC = PR + PP     )

Levator ani (LA) = Pubococcygeus (PC) + Iliococcygeus (IC)

Pubococcygeus (PC    ) = Puborectalis (PR) + Pubovaginalis (PV)

Pubococcygeus (PC    ) = Puborectalis (PR) + Puboprostaticus (PP)

*Formulas: Dr. Larry M. Ross.
 The Univesity of Texas Medical School at Houston

    (Levator prostatae)

Internal iliac artery

Obturator fascia
covering

obturator internus

Obturator
artery and vein

Pubic symphysis

Urogenital hiatus (edge)

Rectum Puborectalis

Pubococcygeus (PC)

Iliococcygeus (IC)

Coccygeus (C)

Ischial
spine

Piriformis

Tendinous arch of levator ani

S1
S2

L5 
Anterior rami

Coccyx

Obturator nerve

Ductus deferens

Site of deep
inguinal ring

Inferior
epigastric

artery and vein

External iliac vein

L4 

A. Medial View

External iliac artery

Ureter

B. Anterosuperior View

Perineal body

Rectum

(    )
(     )

Anococcygeal
body

Pubic symphysis

Urogenital hiatus

Pubococcygeus (PC)

Obturator fascia
covering obturator

internus

Iliococcygeus (IC)

Puborectalis

Pubovaginalis (PV)
Puboprostaticus (PP)

Tendinous
arch of

levator ani

Coccygeus (C)

Sacrum

Greater sciatic
foramen

S1S1

S2S2

S3S3

S4S4

S5S5

S1

S2

S3

S4

S5

3.10 MUSCLES OF PELVIC DIAPHRAGM

A. The pelvic fl oor is formed by the funnel- or bowl-

shaped pelvic diaphragm. The funnel shape can be 

seen in a medial view of a median section. B. The 

bowl shape from a superior view.

TABLE 3.2 MUSCLES OF PELVIC WALLS AND FLOOR

Boundary Muscle Proximal Attachment Distal Attachment Innervation Main Action

Lateral wall Obturator internus Pelvic surfaces of ilium 
and ischium, obturator 
membrane

Greater trochanter of femur

Nerve to obturator internus 
(L5, S1, S2)

Rotates hip joint laterally; assists in 
holding head of femur in acetabulum

Posterolateral wall Piriformis Pelvic surface of S2–S4 
segments, superior margin 
of greater sciatic notch, 
 sacrotuberous ligament

Anterior rami of S1 and S2 Rotates hip joint laterally; abducts 
hip joint; assists in holding head of 
femur in acetabulum

Floor Levator ani (pubococcy-
geus, puborectalis, and 
iliococcygeus)

Body of pubis, tendinous 
arch of obturator fascia, 
ischial spine

Perineal body, coccyx, 
 anococcygeal ligament, walls 
of prostate or vagina, rectum, 
and anal canal

Nerve to levator ani 
(branches of S4), inferior 
anal (rectal) nerve, and 
 coccygeal plexus

Forms most of pelvic diaphragm 
that helps support pelvic viscera and 
resists increases in intra-abdominal 
pressure

Coccygeus 
(ischiococcygeus)

Ischial spine Inferior end of sacrum and 
coccyx

Branches of S4 and S5 
spinal nerves

Forms small part of pelvic diaphragm 
that supports pelvic viscera; fl exes 
sacrococcygeal joints
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B. Superior View

Obturator canal

Compressor urethrae
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Puborectalis
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Rectum
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Puborectalis
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Inferior gluteal artery

Obturator vein
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A. Anterosuperior View
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rectum

Urogenital hiatus

SacrumSacrum

FLOOR AND WALLS OF MALE PELVIS, PELVIC DIAPHRAGM3.11

FLOOR AND WALLS OF PELVIS
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Pubic symphysis
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Lacunar ligament
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FLOOR AND WALLS OF FEMALE PELVIS3.12

FLOOR AND WALLS OF PELVIS
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Quadratus lumborum

Iliohypogastric nerve (L1)

Ilio-inguinal nerve (L1)

Obturator nerve 
(L2, L3, L4)

Lumbosacral trunk 
(L4, L5)

Lateral cutaneous nerve
of thigh (L2, L3)

Femoral branch of genitofemoral 
nerve (L1, L2)

Femoral
nerve  (L2, L3, L4)

 Branches
of obturator

nerve (L2, L3, L4)

Genital branch of
genitofemoral nerve

(L1, L2)

Pudendal nerve
(S2, S3, S4)

Common fibular nerve
(L4, L5, S1, S2)

Tibial nerve
(L4, L5, S1, S2, S3)

Sciatic nerve
(L4, L5, S1, S2, S3)

Sympathetic
trunk

Iliac crest

Ramus communicans

AnteriorPosterior

Ganglion impar

A. Anterior View

3.13 SACRAL AND COCCYGEAL NERVE PLEXUSES

A. Dissection

• The sympathetic trunk or its ganglia send rami communicantes to each sacral and coccygeal nerve.

• The anterior ramus from L4 joins that of L5 to form the lumbosacral trunk.

SACRAL AND COCCYGEAL PLEXUSES
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3.13 SACRAL AND COCCYGEAL NERVE PLEXUSES (CONTINUED)

B. and C. Schematic illustrations.

Posterior division

Anterior division

C
LA

PB

P

Coccygeus

Levator ani
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*
**

Sacral plexus

Coccygeal plexus

Lumbosacral trunk
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13

1 2

4

3

5

6
9 10

7

8

Co1

S5
11

S4

S3
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S2

S1

L5

L4

*

**

Iliolumbar a.

Sympathetic trunk 

Rami communicantes

Lateral sacral a.

Nn. to
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Pelvic splanchnic nn.

N. to obturator
internus (6)

Sciatic n. (1, 2)

N. to quadratus
femoris (4)

Internal
pudendal a.

Obturator a.

Superior
gluteal n. (3)

Obturator n.

Internal iliac v.

Sympathetic
ganglion

Internal iliac a.

External iliac a.

Common iliac a.

Inferior gluteal a.

Nn. to levator ani (12)

N. to
coccygeus (12)

S2S2

S1S1

S3S3

S2

S1

L4L4

L5L5

L4

L5

S3

PP

PP

PP

CC

LALA

LALA

P

P

P

C

LA

LA

PBPBPB

Anterior
ramus (S4)

Median sacral a.

Anterior ramus
(S5)

Superior gluteal a.

B. Medial View, right half of hemisected pelvis

Lumbosacral
trunk

Pudendal n. (10)
C. Anterior View

TABLE 3.3 NERVES OF SACRAL AND COCCYGEAL PLEXUSES

Nerve Origin Distribution

Sciatic:

1. Common fi bular L4, L5, S1, S2 Articular branches to hip joint and muscular branches to fl exors of knee joint in thigh and all muscles in leg 
and foot

2. Tibial L4, L5, S1, S2, S3

3. Superior gluteal L4, L5, S1 Gluteus medius and gluteus minimus muscles

4. Nerve to quadratus femoris and inferior gemellus L4, L5, S1 Quadratus femoris and inferior gemellus muscles

5. Inferior gluteal L5, S1, S2 Gluteus maximus muscle

6. Nerve to obturator internus and superior gemellus L5, S1, S2 Obturator internus and superior gemellus muscles

7. Nerve to piriformis S1, S2 Piriformis muscle

8. Posterior cutaneous nerve of thigh S1, S2, S3 Cutaneous branches to buttock and uppermost medial and posterior surfaces of thigh

9. Perforating cutaneous S2, S3 Cutaneous branches to medial part of buttock

10. Pudendal S2, S3, S4 Structures in perineum, sensory to genitalia, muscular branches to perineal muscles, external urethral sphinc-
ter, and external anal sphincter

11. Pelvic splanchnic S2, S3, S4 Pelvic viscera via inferior hypogastric and pelvic plexuses

12. Nerves to levator ani and coccygeus S3, S4 Levator ani and coccygeus muscles

13. Anococcygeal nerves S4, S5, Co1 Penetrate coccygeal attachments of sacrospinous/sacrotuberous ligaments to supply overlying skin

SACRAL AND COCCYGEAL PLEXUSES
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212 PERITONEAL REFLECTIONS IN PELVIS

Female:
Peritoneum passes:
•  From the anteiror abdominal wall (1)
•  Superior to the pubic bone (2), forming supravesical fossa
•  On the superior surface of the urinary bladder (3)
•  From the bladder to mid-uterus, forming the vesico-uterine
    pouch (4)
•  On the fundus and body of the uterus, and posterior fornix
    of the vagina (5)
•  Between the rectum and uterus, forming the recto-uterine
    pouch (6)
•  On the anterior and lateral sides of the rectum (7)
•  Posteriorly to become the sigmoid mesocolon (8)

Suspensory ligament of ovary

Broad ligament of uterus

Cervix

Recto-uterine fold 

Posterior fornix

Anococcygeal body

Levator ani

Ampulla of rectum

Anal canal
Labium majus

Labium minus

Inferior pubic ligament

Urethra

Retropubic space
 

Vesico-uterine pouch

Round ligament
 of uterus

Medial umbilical ligament
in medial umbilical fold

 

Inferior epigastric artery
in lateral umbilical fold

Appendix

Supravesical fossa

Peritoneum

Uterine tube

Ovary

Recto-uterine pouch

Coccyx

Vagina

Sacrum (S1 segment)

Uterus

Urinary bladder

Pubic symphysis

Retropubic fat
 

 Medial Views of Right Half of
Hemisected Female Pelvis

A

8 8

1

2
3

4

5
6 7

Rectum

Uterus

Vagina

Urinary bladder

Retropubic
space

B

3.14 PERITONEUM COVERING FEMALE PELVIC ORGANS

A. Organs in situ with peritoneal refl ections. B. Schematic illustration. 

The level of the supravesical fossa changes with fi lling and emptying of 

bladder.
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PERITONEAL REFLECTIONS IN PELVIS

3.15 PERITONEUM COVERING MALE PELVIC ORGANS

A. Organs in situ. The urinary bladder is distended and displaced 

 posteriorly in this specimen, not anteriorly as is usual, forming a broad 

and deep supravesical fossa even when the bladder is full. B. Peritoneum 

covering male pelvic organs. Typically, the location of supravesical fossa 

changes with fi lling and emptying of bladder.

Male:
Peritoneum passes:
•  From the anterior abdominal wall (1)
•  Superior to the pubic bone (2), forming supravesical fossa
•  On the superior surface of the urinary bladder (3)
•  2 cm inferiorly on the posterior surface of the urinary
    bladder (4)
•  On the superior ends of the seminal glands (5)
•  Posteriorly to line the rectovesical pouch (6)
•  To cover the rectum (7)
•  Posteriorly to become the sigmoid mesocolon (8)

Puboprostatic
ligament

Urinary
bladder

7
6

5

43

8

8

1

2

Rectum

Seminal gland

Prostate

B

Prostate

Puboprostatic ligament

A

Rectovesical pouch

Rectovesical fascia

Internal
urethral sphincter

Prostatic urethra

Levator ani

Puborectalis

Internal anal sphincter

Anal columns 

Subcutaneous
Parts of
external anal sphincter

Deep
Superficial

External urethral sphincter 
(sphincter urethrae) 

Perineal membrane
Bulbospongiosus

Spongy urethra

Intrabulbar fossa

Intermediate (membranous) urethra

Peritoneum

Supravesical fossa

Retropubic space

Deep transverse perineal

Bulb of penis

Fat pad

Pubic symphysis 

Sacrum (S1 segment)

Urinary bladder

Coccyx
(Co1 segment)

Rectum

Peritoneal cavity

Rectus abdominis

Testis

Medial Views
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214 RECTUM AND ANAL CANAL

3.16 ANAL SPHINCTERS AND ANAL CANAL

A. Levator ani, in right half of hemisected pelvis.

• The subcutaneous fi bers of the external anal sphincter and overlying skin 

are refl ected with forceps. The pubococcygeus muscle is cut to reveal 

the anal canal, to which it is, in part, attached.

B. Puborectalis.

• The innermost part of the pubococcygeus muscle, the puborectalis, 

forms a U-shaped muscular “sling” around the anorectal junction, which 

maintains the anorectal (perineal) fl exure.

A. Medial View

Bulbospongiosus

S2 

S3 

Coccygeus

Pelvic splanchnic nerves

Fibers to rectum

Ductus deferens

Nerve to levator ani

Seminal gland

Pubococcygeus (cut edge)

Puborectalis

Subcutaneous

Superficial
Parts of external
anal sphincter

DeepPerineal
body

Coccyx

Deep part
Superficial part

External anal
sphincter

Pubic symphysis

Puboprostatic ligament

Prostate

Testis

Anterior
rami

Sacrum (S2 segment)

Urinary bladder

Internal urethral
sphincter

External urethral
sphincter

Perineal membrane

B. Lateral View

 Pubic
symphysis

Rectum

Coccyx

Puborectalis
Wall of
anal canal
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RECTUM AND ANAL CANAL

Regions of anal canal:

Anal pecten

Cutaneous zone

Columnar zone

C. Medial View

D. Medial View

Circular muscle coat

Longitudinal muscle coat

Puborectalis

Columnar zone

Anorectal junction

Fibro-elastic septa

Anocutaneous line

Anal pecten

Pectinate line

Anal pecten

Cutaneous zone

Peri-anal skin

Subcutaneous

Parts of external
anal sphincterSuperficial

Deep*

 Levator ani 

* Blended with
puborectalis at this site

Inferior transverse
rectal fold

Internal rectal
venous plexus

Internal anal sphincter

Internal anal sphincter

Skin

Anal valve

Anal column

Anal sinus

Intestinal mucosa

External anal sphincter

Pectinate line

3.16 ANAL SPHINCTERS AND ANAL CANAL (CONTINUED)

C. External and internal anal sphincters.

• The internal anal sphincter is a thickening of the inner, circular muscular 

coat of the anal canal.

• The external anal sphincter has three often indistinct continuous zones: 

deep, superfi cial, and subcutaneous; the deep part intermingles with the 

puborectalis muscle posteriorly.

• The longitudinal muscle layer of the rectum separates the internal and 

external anal sphincters and terminates in the subcutaneous tissue and 

skin around the anus.

D. Features of the anal canal.

• The anal columns are 5 to 10 vertical folds of mucosa separated by anal 

sinuses and valves; they contain portions of the rectal venous plexus.

• The pecten is a smooth area of hairless stratifi ed epithelium that lies 

between the anal valves superiorly and the inferior border of the internal 

anal sphincter inferiorly.

• The pectinate line is an irregular line at the base of the anal valves where 

the intestinal mucosa is continuous with the pecten; this indicates the 

junction of the superior part of the anal canal (derived from embryonic 

hindgut) and the inferior part of the anal canal (derived from the anal pit 

[proctodeum]). Innervation is visceral proximal to the line and somatic dis-

tally; lymphatic drainage is to the pararectal nodes proximally and to the 

superfi cial inguinal nodes distally.
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216 RECTUM AND ANAL CANAL

Obturator fascia covering
obturator internus

Left external
iliac artery

Left internal
iliac artery

Left femoral
nerve

Left ureter

Umbilical artery

Lumbosacral
trunk (L4-L5)

Sciatic nerve

Tendinous arch of levator ani

Pudendal nerve
Internal pudendal artery

Middle rectal artery

Inferior rectal artery

Uterine artery

Superior
gluteal artery

Inferior gluteal
artery

Obturator nerve

Obturator artery

Anterior ramus S2

Anterior ramus S3

Anterior ramus S4

Anterior ramus S1

in pudendal
canal

Right external
iliac artery

Lateral sacral
artery

Right and left branches
of superior rectal

artery

Sympathetic
trunk

Root of sigmoid
mesocolon

Peritoneum

Right ureter

Psoas

Right
femoral nerve

Iliacus

Piriformis

Sacrotuberous ligament

Coccygeus

Iliococcygeus

Pubococcygeus

Puborectalis

Rectum

Obturator
internus

External anal sphincter

Anterior View

3.17 RECTUM, ANAL CANAL, AND NEUROVASCULAR STRUCTURES OF POSTERIOR 
PELVIS

The pelvis is coronally bisected anterior to the rectum and anal canal. The superior gluteal artery often passes 

posteriorly between the anterior rami of L5 and S1, and the inferior gluteal artery between S2 and S3.
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RECTUM AND ANAL CANAL

 B. Anterior View

A. Anterior View

Superior transverse rectal fold

Middle transverse rectal fold

Inferior transverse rectal fold

Rectal venous plexus

Superior rectal vein

Superior rectal artery

Middle rectal vein
Middle rectal artery

Obturator internus

Levator ani

Inferior rectal vein
Inferior rectal artery

Ischio-anal fossa

External anal sphincter

Internal pudendal veinInternal pudendal artery

Inferior mesenteric artery

Abdominal aorta

Left common iliac artery

Left internal iliac artery

Left external iliac artery

Left femoral artery

AA

BB

A

B

C

A

B

C

Lumbar (lateral aortic)

Inferior mesenteric

Common iliac

Internal iliac

External iliac

Superficial inguinal

Deep inguinal

Sacral

Pararectal

Direction of flow of lymph

Superior half of rectum

Inferior half of rectum

Anal canal

3.18 VASCULATURE OF RECTUM

A. Arterial and venous drainage.

• The continuation of the inferior mesenteric artery, the superior rectal artery, 

supplies the proximal part of rectum.

• Right and left middle rectal arteries, usually arising from the inferior vesical 

(male) or uterine (female) arteries, supply the middle and inferior parts of 

the rectum.

• Inferior rectal arteries, arising from the internal pudendal arteries, supply 

the anorectal junction and the anal canal.

• The rectal venous plexus surrounds the distal rectum and anal canal and 

consists of an internal rectal plexus deep to the epithelium of the anal 

canal and an external rectal plexus external to the muscular coats of the 

wall of the anal canal.

• The superior rectal vein drains into the portal system, and the middle 
and inferior veins drain into the systemic system; thus, this is an impor-
tant area of portacaval anastomosis (see information on Hemorrhoids 
with Fig. 3.30).

B. Lymphatic drainage.

• The superior, middle, and inferior rectal veins drain the rectum and anal 

canal; there are anastomoses between the plexuses formed by all three 

veins.
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218 RECTUM AND ANAL CANAL

Innervation:

Visceral afferent running 
with sympathetic and
parasympathetic fibers

Presynaptic sympathetic
Postsynaptic sympathetic
Presynaptic parasympathetic
Postsynaptic parasympathetic

Somatic sensory
Somatic motor

T12

L1

L2

L3

L4

L5

S4

S3

S2

S1

Superior
hypogastric

plexus

Pelvic
plexus

External anal sphincter

Upper lumbar
sympathetic

trunk

Aortic plexus

Inferior
hypogastric

plexuses

Inferior anal
(rectal) nerve

Pudendal 
nerve

Superior
rectal nerves

Spinal ganglion

Spinal cord

Spinal
ganglia

Pelvic splanchnic
nerves

Pelvic 
plexus

Sacral
plexus

Lumbar
splanchnic 

nerves

Prevertebral ganglia

Internal anal
           sphincter

3.19 INNERVATION OF RECTUM AND ANAL CANAL

The lumbar and pelvic spinal nerves and hypogastric plexuses have been retracted laterally for clarity.
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RECTUM AND ANAL CANAL

Sigmoid colon

Pararectal fossa

Sacrogenital fold

Rectovesical pouch

Paravesical fossa

Testicular vessels in sheath

Psoas

Genitofemoral nerve

Ureter

 Superior hypogastric plexus

Inferior epigastric artery

Internal iliac artery

 External iliac vein

External iliac artery

Testicular veins

Aorta

Inferior vena cava

Testicular artery

Ductus deferens

Sigmoid mesocolon

Rectum (ampulla)

Urinary bladder (deep to peritoneum)

Anterosuperior View

 Inferior mesenteric artery

Left common iliac artery

Peritoneum (cut edge)

Aortic plexus

3.20 RECTUM IN SITU

• The sigmoid colon begins at the left pelvic brim and becomes the rectum anterior to the third sacral seg-

ment in the midline.

• The superior hypogastric plexus lies inferior to the bifurcation of the aorta and anterior to the left common 

iliac vein.

• The ureter adheres to the external aspect of the peritoneum, crosses the external iliac vessels, and descends 

anterior to the internal iliac artery. The ductus deferens and its artery also adhere to the peritoneum, cross 

the external iliac vessels, and then hook around the inferior epigastric artery to join the other components 

of the spermatic cord.

• The genitofemoral nerve lies on the psoas.
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220 ORGANS OF MALE PELVIS

Internal iliac artery and vein

Ureter

Sciatic nerve

Inferior vesical artery

Rectovesical pouch

Rectovesical septum

Seminal gland

Coccyx

Rectum (ampulla)

Ampulla of ductus deferens

Internal urethral orifice

Ejaculatory duct

Levator ani

Bulbourethral gland

Deep transverse perineal

External anal sphincter

Internal anal sphincter
Bulb of penis

Spermatic cord

Testicular artery

Pampiniform venous plexus

Epididymis

Testis

Scrotum

Common iliac artery and vein

External iliac artery and vein

Cut edge of peritoneum

Urinary bladder

Ductus deferens

Ductus deferens

Retropubic space

Internal urethral sphincter

Prostate

Prostatic utricle

Puboprostatic ligament

Prostatic urethra

Deep dorsal vein of penis

External urethral sphincter

Spongy urethra

Intermediate urethra

Corpus cavernosum

Corpus spongiosum

Glans penis

External urethal orifice

Median Section of Pelvis,
Stepped Dissection of Testis

3.21 MALE PELVIC ORGANS AND EXTERNAL GENITALIA

• Pelvic viscera are subperitoneal, mostly embedded in a matrix of fatty endopelvic fascia.
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ORGANS OF MALE PELVIS

Intramural (preprostatic)

Parts of male urethra in B:

Prostatic

Spongy (penile)

Intermediate (membranous)

Urinary bladder

Pubic symphysis 

Intramural
part

Prostatic

Ureter

Ductus deferens

Ampulla of ductus deferens

Seminal gland

Ejaculatory duct

Bulb of penis

A. Median Section

Perineal membrane

ProstateIntermediate part
(membranous)

Spongy

Corpus spongiosum

Urethra

Ductus deferens

B. Schematic Median Section

Inguinal canal
(schematic)

Urinary
bladder

Pubic
symphysis

Glans penis Testis

Ductus deferens

Bulbo-urethral gland

Bulbo-urethral duct

Ureter
(intramural part)

Prostate
Seminal
gland

Ureter (pelvic part)

Epididymis

Trigone of bladder

Ejaculatory duct

Efferent ductules

Urinary
bladder

Ureteric
orifice

Obturator
internus

Prostate

Levator ani

Perineal membrane

C. Coronal Section

Cut and ligated
ductus deferens

Deferentectomy
(vasectomy)

3.22 URINARY BLADDER, PROSTATE, AND DUCTUS DEFERENS

A. Dissection. The ejaculatory duct (~2 cm in length) is formed by the union 

of the ductus deferens and duct of the seminal gland; it passes anteriorly and 

inferiorly through the substance of the prostate to enter the prostatic urethra on 

the seminal colliculus. B. Overview of urogenital system, schematic illustration. 

C. Coronal section through urinary bladder, prostate, and proximal urethra.

The common method of sterilizing males is a deferentectomy, pop-
ularly called vasectomy. During this procedure, part of the ductus defer-
ens is ligated and/or excised through an incision in the superior part of 
the scrotum. Hence, the subsequent ejaculated fl uid contains no sperms.
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222 ORGANS OF MALE PELVIS

Extraperitoneal fascia
(fatty tissue)

A. Posterior View

Median umbilical ligament (urachus)

Peritoneum

Femoral nerve

Psoas  
External iliac artery 

Ureter

Vessels to urogenital organs

Ductus deferens

Seminal gland

Retropubic space

Artery to bulb, piercing
perineal membrane

Ischio-anal fossa

Perineal branches
of posterior cutaneous

nerve of thigh

Bulbo-urethral glands
in  deep perineal

compartment

Bulbospongiosus 

Deep perineal nerve

Medial umbilical ligament 
(obliterated umbilical artery)

Inferior epigastric vessels

Psoas fascia

Internal pudendal artery

Medial umbilical fold

Iliacus

External iliac vein

Urinary bladder

Pudendal nerve

Paravesical space

Levator ani

Rectus abdominis

Tendinous arch of
levator ani

Prostate (enlarged)

Obturator internus

Perineal membrane

Levator ani

Sciatic nerve

Hypogastric sheath

3.23 POSTERIOR APPROACH TO ANTERIOR PELVIC AND PERINEAL STRUCTURES AND SPACES

A. Dissection. The rectovesical septum and all pelvic and perineal structures 

posterior to it have been removed. B. Posterior surface of inferior part of 

anterior abdominal wall with umbilical folds and ligaments and anterior pelvic 

viscera. C. Schematic coronal section through the anterior pelvis (plane of 

urinary bladder and prostate) demonstrating pelvic fascia.

• In A and B, the inferior epigastric artery and accompanying veins enter 

the rectus sheath, covered posteriorly with peritoneum to form the lat-

eral umbilical fold. The medial umbilical fold is formed by peritoneum 

overlying the medial umbilical ligament (obliterated umbilical artery), and 

the median umbilical fold is formed by the median umbilical ligament 

(urachus).

• In A, the femoral nerve lies between the psoas and iliacus muscles, cov-

ered on their internal aspects with psoas (membranous parietal) fascia; the 

external iliac artery and vein lie within the areolar extraperitoneal fascia.

• The pelvic genito-urinary organs are subperitoneal. Near the bladder, 

the ureter accompanies a “leash” of internal iliac vessels and derivatives 

within the fi bro-areolar hypogastric sheath.

• The levator ani and its fascial coverings separate the retropubic and para-

vesical spaces of the pelvis from the ischio-anal fossae of the perineum. 

The fat that occupies these spaces has been removed.

• The bulbo-urethral glands and the initial part of the artery to the bulb lie 

superior to the perineal membrane in the deep perineal compartment.
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ORGANS OF MALE PELVIS

Iliacus
Psoas Iliopsoas

Parietal abdominal fascia

Firm attachment
to pelvic brim

Peritoneum

Visceral
pelvic fascia

Tendinous arch
of pelvic fascia

Urethra

Levator ani with superior and inferior parietal fascia*Ischio-anal (ischiorectal) fossa

Parietal perineal fascia

Obturator internus

*Retropubic space with endopelvic
fascia, vessels and nerves

Tendinous arch of levator ani
Bladder

Prostate

C. Coronal Section Pudendal canal

Obturator fascia

Parietal pelvic fascia

Endo-abdominal
fascia
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Peritoneum

Median umbilical ligament (remnant of urachus)

Medial umbilical ligament
(obliterated umbilical artery)

Median umbilical fold

Medial umbilical fold
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(inferior epigastric vessels)
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Rectovesical pouch
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Medial inguinal fossa
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Inferior epigastric artery

Inferior epigastric vein

Rectus abdominis

Ductus deferens 

Ureter

Prostate

Urinary bladder

B. Posterior View
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*

POSTERIOR APPROACH TO ANTERIOR PELVIC AND PERINEAL STRUCTURES AND SPACES (CONTINUED)3.23
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Urinary bladder
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B. Unraveled Seminal Gland (vesicle) 
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External urethral sphincter
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Seminal gland
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C. Posterior View
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of bladder
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Ejaculatory duct

Ductus deferens
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Prostatic urethra
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Superomedial lobule
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Ejaculatory ducts

Isthmus of prostate

Anterior View

A. Transverse Section

Lobules of prostate

3.24 SEMINAL GLANDS AND PROSTATE

A. Bladder, ductus deferens, seminal glands (vesicles), and lobules of pros-

tate. The left seminal gland and ampulla of the ductus deferens are dissected 

and opened; part of the prostate is cut away to expose the ejaculatory duct. B. 

Seminal gland unraveled. The gland is a tortuous tube with numerous dilatations. 

The ampulla of the ductus deferens has similar dilatations. C. Prostate, dissected 

posteriorly. The ejaculatory duct (~2 cm in length) is formed by the union of the 

ductus deferens and the duct of the seminal gland; it passes anteriorly and 

inferiorly through the substance of the prostate to enter the prostatic urethra 

on the seminal colliculus. The prostatic utricle lies between the ends of the two 

ejaculatory ducts. The prostatic ductules mostly open onto the prostatic sinus.
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Seminal colliculus

Internal urethral orifice
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Ductus deferens
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Trigone of urinary bladder

Urinary bladder
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Internal urethral
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Internal urethral
sphincter
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Seminal colliculus

Prostatic utricle

Cut surface of prostate

Urethral crest

Intermediate (membranous)
urethra
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B. Anterior View

Uvula of urinary bladder

Openings of ejaculatory ducts

Prostate

3.25 INTERIOR OF MALE URINARY BLADDER AND PROSTATIC URETHRA

A. Dissection. The anterior walls of the bladder, prostate, and urethra were cut 

away. B. Features of the prostatic urethra.

• The mucous membrane is smooth over the trigone of the urinary bladder 

(triangular region demarcated by ureteric and internal urethral orifi ces) but 

folded elsewhere, especially when the bladder is empty.

• The opening of the vestigial prostatic utricle is in the seminal colliculus on 

the urethral crest; there is an orifi ce of an ejaculatory duct on each side of 

the prostatic utricle. The prostatic fascia encloses a venous plexus.

The prostate is of considerable medical interest because enlargement or 
benign hypertrophy of the prostate (BHP) is common after middle age, 

affecting virtually every male who lives long enough. An enlarged pros-
tate projects into the urinary bladder and impedes urination by distorting 
the prostatic urethra. The middle lobule usually enlarges the most and 
obstructs the internal urethral orifi ce. The more the person strains, the 
more the valvelike prostatic mass occludes the urethra.

BHP is a common cause of urethral obstruction, leading to nocturia 
(needing to void during the night), dysuria (diffi culty and/or pain during 
urination), and urgency (sudden desire to void). BHP also increases the 
risk of bladder infections (cystitis) as well as kidney damage.

Agur_Chap03.indd   225Agur_Chap03.indd   225 11/15/2011   10:54:57 AM11/15/2011   10:54:57 AM



226 ORGANS OF MALE PELVIS

B
A

B. Transverse Section

Spermatic cord

Pectineus

Prostatic venous plexus

Obturator externus

Puborectalis

Ischium

Pudendal nerve

Gluteus maximus

Rectum (R)

Obturator internus
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Adductor brevis

Adductor longus

Artery

Vein

Nerve
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Internal pudendal vein

Internal pudendal artery

Urinary bladder
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A. Transverse Section

Rectus abdominis

Spermatic cord

Pubis

Head of femur

Obturator internus

Ischium

Superior gemellus

Sacrospinous ligament

Gluteus maximus
Coccyx

Rectum (R)

Sciatic nerve

Seminal gland

Ductus deferens
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Nerve

Urethra

Ischio-anal fossa
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C. Sagittal Section

D. Sagittal Section

UB P

P

R

P

P

R

UB

3.26 MALE PELVIS, TRANSVERSE SECTIONS

A. Section through prostate and puborectalis. B. Section through urinary bladder and seminal gland. C. and 

D. The prostate (P) is examined for enlargement and tumors (focal masses or asymmetry) by digital rec-

tal examination. A full bladder offers resistance, holding the gland in place and making it more readily 
palpable. The malignant prostate feels hard and often irregular. (R, rectum).
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Calcification in seminal colliculus

Key for US scan:

1

6

7

7

3

3

2

4
5

5

2

7

10

10
8

9

11

12

2

13

14

Longitudinal (Median) Scan
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Prostatic urethra
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Rectum

Prostatic venous
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Prostatic
capsule

Prostatic utricle

Ejaculatory ducts

Seminal colliculus

Prostatic sinus
(receiving openings
of prostatic ducts)

Anterior muscular
zone (AMZ)

AMZ

CZ
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AMZ

CZ
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A. Median Section

Transverse Scan
B. Schematic illustration

Pubic
symphysis (1)

Urinary
bladder (6)

Prostate (7)

Ejaculatory
duct (10)

Ampulla of
ductus deferens (8)

Seminal
gland (9)

Rectal wall (11)

Rectum (12)

Prostatic
urethra (2)

Isthmus (AMZ)
of prostate (3)

Intermediate
(membranous)

urethra (4)

External urethral
sphincter (5)

3.27 TRANSRECTAL ULTRASOUND SCANS OF MALE PELVIS

A. Longitudinal scan. B. Transverse scan. The probe was inserted into the 

rectum to scan the anteriorly located prostate. The ducts of the glands in 

the peripheral zone open into the prostatic sinuses, whereas the ducts of the 

glands in the central (internal) zone open into the prostatic sinuses and onto 

the seminal colliculus.

Because of the close relationship of the prostate to the prostatic 
urethra, obstructions of the urethra may be relieved endoscopically. The 
instrument is inserted transurethrally through the external urethral orifi ce 
and spongy urethra into the prostatic urethra. All or part of the prostate, or 

just the hypertrophied part, is removed by transurethral resection of the 

prostate (TURP). In more serious cases, the entire prostate is removed 
along with the seminal glands, ejaculatory ducts, and terminal parts of the 
deferent ducts (radical prostatectomy).

TURP and improved operative techniques (laparoscopic or robotic 
surgery) attempt to preserve the nerves and blood vessels associated with 
the capsule of the prostate and adjacent to the seminal vesicles as they 
pass to and from the penis, increasing the possibility for patients to retain 
sexual function after surgery, as well as restoring normal urinary control.
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Medial Views

Iliolumbar artery

Lateral sacral artery

Superior
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Inferior vesical artery

Internal pudendal artery

Middle rectal artery (cut ends)

Prostatic branch of inferior vesical artery
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Urinary bladder
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Internal iliac artery
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Artery to ductus deferens

Superior gluteal vein

Inferior vesical vein
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Vesical veins

Inferior gluteal vein

Middle rectal veins

Internal pudendal vein

Rectal venous plexus

Rectum

Vesical venous plexus

Urinary bladder

Common iliac vein

Internal iliac vein

Deep circumflex iliac vein

External iliac vein

Obturator veins

Prostate
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Prostatic venous plexus

Deep dorsal vein of penis

B

A
* Deferential artery or ureteric branch

***

3.28 ARTERIES AND VEINS OF MALE PELVIS

A. Arteries. B. Pelvic veins and venous plexuses. 
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Iliolumbar artery

Lateral sacral artery

Superior gluteal artery

Inferior vesical artery

Internal pudendal artery

Middle rectal artery

* Branch to ureter

Prostatic branch of inferior vesical artery

Inferior gluteal artery
(commonly from anterior division)

Superior vesical arteries

Cord (occluded part) of umbilical artery
(forms medial umbilical ligament)

Obturator artery

Umbilical artery (patent part)

External iliac artery

Artery to ductus deferens

Internal iliac artery

Common iliac artery

SUPERIOR

POSTERIOR

INFERIOR

C. Medial View

ANTERIOR

Posterior division of
internal iliac artery

Anterior division of
internal iliac artery

*

TABLE 3.4 ARTERIES OF MALE PELVIS

Artery Origin Course Distribution

Internal iliac Common iliac artery Passes medially over pelvic brim and descends into pelvic 
cavity; often forms anterior and posterior divisions

Main blood supply to pelvic organs, gluteal muscles, and 
perineum

Anterior division of internal 
iliac artery

Internal iliac artery Passes laterally along lateral wall of pelvis, dividing into 
visceral, obturator, and internal pudendal arteries

Pelvic viscera, perineum, and muscles of superior medial 
thigh

 Umbilical Anterior division of internal 
iliac artery

Short pelvic course; gives off superior vesical arteries, then 
obliterates, becoming medial umbilical ligament

Urinary bladder and, in some males, ductus deferens

 Superior vesical Patent part of umbilical artery Usually multiple; pass to superior aspect of urinary bladder Superior aspect of urinary bladder and distal ureter

 Artery to ductus deferens Superior or inferior vesical artery Runs subperitoneally to ductus deferens Ductus deferens

 Obturator

Anterior division of internal iliac 
artery

Runs antero-inferiorly on lateral pelvic wall Pelvic muscles, nutrient artery to head of femur and medial 
compartment of thigh

 Inferior vesical Passes subperitoneally giving rise to prostatic artery and 
occasionally the artery to the ductus deferens

Inferior aspect of urinary bladder, pelvic ureter, seminal 
glands, and prostate

 Middle rectal Descends in pelvis to rectum Seminal glands, prostate, and inferior part of rectum

 Internal pudendal Exits pelvis through greater sciatic foramen and enters 
perineum via lesser sciatic foramen

Main artery to perineum, including muscles and skin of anal 
and urogenital triangles; erectile bodies

Posterior division of internal 
iliac artery

Internal iliac artery Passes posteriorly and gives rise to parietal branches Pelvic wall and gluteal region iliac artery

 Iliolumbar
Posterior division of internal 
iliac artery

Ascends anterior to sacro-iliac joint and posterior to 
 common iliac vessels and psoas major

Iliacus, psoas major, quadratus lumborum muscles, and 
cauda equina in vertebral canal

  Lateral sacral (superior 
and inferior)

Run on anteromedial aspect of piriformis to send branches 
into pelvic sacral foramina

Piriformis muscle, structures in sacral canal and erector 
spinae muscles

Testicular (gonadal) [see 
Fig. 3.28A]

Abdominal aorta Descends retroperitoneally; traverses inguinal canal and 
enters scrotum

Abdominal ureter, testis and epididymis

3.28 ARTERIES AND VEINS OF MALE PELVIS (CONTINUED)

C. Arteries, isolated from A.
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Common iliac artery Internal iliac artery

Superior gluteal artery

Inferior gluteal artery

Internal pudendal artery

Inferior vesical artery

Pelvic splanchnic nerves

Obturator nerve

Anomalous
obturator vein and artery

Umbilical artery (obliterated)

Ductus deferens

Medial umbilical fold

Superior vesical arteries

Psoas fascia

Testicular artery

Ureter

Sacrum

Middle rectal artery

Urinary bladder

Rectovesical pouch

Prostate

Rectum

Pubic symphysis
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Artery to ductus deferens
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A. Medial View

External iliac artery

Inferior epigastric
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External iliac vein

Pubic symphysis

Nerve
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Obturator
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Obturator nerve
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Obturator artery

Obturator vein

Pubic branch

External iliac vein

External iliac artery

Inferior epigastric
artery

B. Medial Views

Anomalous
obturator vein and artery

3.29 PELVIC VESSELS IN SITU; LATERAL PELVIC WALL

A. Dissection. The ureter crosses the external iliac artery at its origin (common iliac bifurcation), and the ductus 

deferens crosses the external iliac artery at its termination (deep inguinal ring). The ureter crosses the external 

iliac artery at its origin (common iliac bifurcation), and the ductus deferens crosses the external iliac artery at 

its termination (deep inguinal ring). In this speciman, an anomalous (replaced) obturator artery branches from 

the inferior epigastric artery. B. Typical and anomalous obturator arteries.
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B
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3.30 PORTAL–SYSTEMIC (PORTACAVAL) ANASTOMOSES

A. The portal tributaries are purple, and systemic tributaries are blue. A–D 

indicate sites of portal–systemic anastomoses. A, between portal and sys-

temic esophageal veins; B, between portal and systemic rectal veins; C, 

para-umbilical veins (portal) anastomosing with small epigastric veins of the 

anterior abdominal wall (systemic); D, twigs of colic veins (portal) anastomos-

ing with retroperitoneal veins (systemic).

B. Hemorrhoids. Internal hemorrhoids (piles) are prolapses of rectal 
mucosa containing the normally dilated veins of the internal rectal venous 
plexus. Internal hemorrhoids are thought to result from a breakdown of the 
muscularis mucosae, a smooth muscle layer deep to the mucosa. Internal 
hemorrhoids that prolapse through the anal canal are often compressed 
by the contracted sphincters, impeding blood fl ow. As a result, they tend 
to strangulate and ulcerate. Because of the presence of abundant arterio-
venous anastomoses, bleeding from internal hemorrhoids is characteristi-
cally bright red. The current practice is to treat only prolapsed, ulcerated 
internal hemorrhoids.

External hemorrhoids are thromboses (blood clots) in the veins of 
the external rectal venous plexus and are covered by skin. Predisposing 
factors for hemorrhoids include pregnancy, chronic constipation, and any 
disorder that impedes venous return including increased intra-abdominal 

pressure. The superior rectal vein drains into the inferior mesenteric vein, 
whereas the middle and inferior rectal veins drain through the systemic 
system into the inferior vena cava. Any abnormal increase in pressure in 
the valveless portal system or veins of the trunk may cause enlargement 
of the superior rectal veins, resulting in an increase in blood fl ow or stasis 
in the internal rectal venous plexus. In portal hypertension that occurs in 
relation to hepatic cirrhosis, the portacaval anastomosis (e.g., esophageal) 
may become varicose and rupture. It is important to note, however, that 
the veins of the rectal plexuses normally appear varicose (dilated and 
tortuous), even in newborns, and that internal hemorrhoids occur most 
commonly in the absence of portal hypertension.

Regarding pain from and the treatment of hemorrhoids, it is important 
to note that the anal canal superior to the pectinate line is visceral; thus, it 
is innervated by visceral afferent pain fi bers, so that an incision or needle 
insertion into this region is painless. Internal hemorrhoids are not painful 
and can be treated without anesthesia. Inferior to the pectinate line, the 
anal canal is somatic, supplied by the inferior anal (rectal) nerves contain-
ing somatic sensory fi bers. Therefore, it is sensitive to painful stimuli (e.g., 
to the prick of a hypodermic needle). External hemorrhoids can be painful, 
but often resolve in a few days.
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Abdominal aorta
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urethra
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Anterior Views
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3.31 LYMPHATIC DRAINAGE OF MALE PELVIS AND PERINEUM

A. Pelvic urinary system. B. Internal genital organs. C. Penis, spongy urethra, scrotum and testis.
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Internal iliac

External iliac

Superficial inguinal
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Sacral

Pararectal

Lymph nodes:

D. Medial View

3.31 LYMPHATIC DRAINAGE OF MALE PELVIS AND PERINEUM (CONTINUED)

D. Zones of pelvis and perineum initially draining into specifi c groups of lymph nodes.

TABLE 3.5 LYMPHATIC DRAINAGE OF MALE PELVIS AND PERINEUM

Lymph Node Group Structures Typically Draining to Lymph Node Group

Lumbar Gonads and associated structures (including testicular vessels), urethra, testis, epididymis, common iliac nodes

Inferior mesenteric nodes Superiormost rectum, sigmoid colon, descending colon, pararectal nodes

Common iliac nodes External and internal iliac lymph nodes

Internal iliac nodes Inferior pelvic structures, deep perineal structures, sacral nodes, prostatic urethra, prostate, base of bladder, inferior part of pelvic ureter, inferior part of 
seminal glands, cavernous bodies, anal canal (above pectinate line), inferior rectum

External iliac nodes Anterosuperior pelvic structures, deep inguinal nodes, superior aspect of bladder, superior part of pelvic ureter, upper part of seminal gland, pelvic part of 
ductus deferens, intermediate and spongy urethra

Superfi cial inguinal nodes Lower limb, superfi cial drainage of inferolateral quadrant of trunk, including anterior abdominal wall inferior to umbilicus, gluteal region, superfi cial 
perineal structures, skin of perineum including skin and prepuce of penis, scrotum, perianal skin, anal canal inferior to pectinate line

Deep inguinal nodes Glans of penis, distal spongy urethra, superfi cial inguinal nodes

Sacral nodes Posteroinferior pelvic structures, inferior rectum

Pararectal nodes Superior rectum
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Sympathetic
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sympathetic ganglion
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(lumbar splanchnic nerve)
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INNERVATION OF MALE PELVIS AND PERINEUM 3.32

TABLE 3.6 EFFECT OF SYMPATHETIC AND PARASYMPATHETIC STIMULATION ON URINARY TRACT, GENITAL SYSTEM, AND RECTUM

Organ, Tract, or System Effect of Sympathetic Stimulation Effect of Parasympathetic Stimulation

Urinary tract Vasoconstriction of renal vessels slows urine formation; internal sphincter of 
male bladder contracted to prevent retrograde ejaculation and maintain urinary 
continence

Inhibits contraction of internal sphincter of bladder in males; contracts 
detrusor muscle of the bladder wall causing urination

Genital system Causes ejaculation and vasoconstriction resulting in remission of erection Produces engorgement (erection) of erectile tissues of the external 
genitals

Rectum Maintains tonus of internal anal sphincter; inhibits peristalsis of rectum Rectal contraction (peristalsis) for defecation; inhibition of contraction 
of internal anal sphincter

The parasympathetic system is restricted in its distribution to the head, neck, and body cavities (except for erectile tissues of genitalia); otherwise, parasympathetic fi bers are never found in the body wall and limbs. Sympathetic 
fi bers, by comparison, are distributed to all vascularized portions of the body.

Agur_Chap03.indd   234Agur_Chap03.indd   234 11/15/2011   10:55:38 AM11/15/2011   10:55:38 AM



235
Pelvis and Perineum

INNERVATION OF MALE PELVIC ORGANS

Sympathetic

Parasympathetic

Somatic

Mixed sympathetic
and parasympathetic
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Lumbar splanchnic nerves

Sympathetic trunk

Paravertebral ganglion

Lumbosacral trunk

Left hypogastric nerve

Pelvic splanchnic nerves

Inferior hypogastric plexus

Prostatic plexus

Inferior anal (rectal) nerve

Pudendal nerve

Cavernous nerves

Perineal nerve

Posterior scrotal nerves

Vesical plexus

Dorsal nerve of penis

Sacral splanchnic nerve

Pelvic pain line

B. Lateral View

3.32 INNERVATION OF MALE PELVIS AND PERINEUM (CONTINUED)

A. Overview. B. Innervation of prostate and external genitalia.

• The primary function of the sacral sympathetic trunks is to provide post-

synaptic fi bers to the sacral plexus for sympathetic innervation of the lower 

limb.

• The peri-arterial plexuses of the ovarian, superior rectal, and internal iliac 

arteries are minor routes by which sympathetic fi bers enter the pelvis. 

Their primary function is vasomotion of the arteries they accompany.

• The hypogastric plexuses (superior and inferior) are networks of sympa-

thetic and visceral afferent nerve fi bers.

• The superior hypogastric plexus carries fi bers conveyed to and from the 

aortic (intermesenteric) plexus by the L3 and L4 splanchnic nerves. The 

superior hypogastric plexus divides into right and left hypogastric nerves 

that merge with the parasympathetic pelvic splanchnic nerves to form the 

inferior hypogastric plexuses.

• The fi bers of the inferior hypogastric plexuses continue to the pelvic vis-

cera upon which they form pelvic plexuses, e.g., prostatic nerve plexus.

• The pelvic splanchnic nerves convey presynaptic parasympathetic fi bers 

from the S2–S4 spinal cord segments, which make up the sacral outfl ow 

of the parasympathetic system.

• Visceral afferents conveying unconscious refl ex sensation follow the course 

of the parasympathetic fi bers retrogradely to the spinal sensory ganglia of 

S2–S4, as do those transmitting pain sensations from the viscera inferior 

to the pelvic pain line (structures that do not contact the peritoneum plus 

the distal sigmoid colon and rectum). Visceral afferent fi bers conducting 

pain from structures superior to the pelvic pain line (structures in contact 

with the peritoneum, except for the distal sigmoid colon and rectum) follow 

the sympathetic fi bers retrogradely to inferior thoracic and superior lumbar 

spinal ganglia.
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FEMALE PELVIC ORGANS IN SITU3.33
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Urinary
bladder (B)Paravesical fossa
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D. Superior View

Sigmoid colon

E. Laparoscopic View of Normal Female Pelvis

Ovary
(not seen in A

as it lies on the
posterior aspect

of the broad ligament)
P

B

U

LT
Ro

V

Re

3.33 FEMALE PELVIC ORGANS IN SITU (CONTINUED)

A. Median section. The adult uterus is typically anteverted (tipped antereosu-

periorly relative to the axis of the vagina) and antefl exed (fl exed or bent ante-

riorly relative to the cervix, creating the angle of fl exion) so that its mass lies 

over the bladder. The cervix, opening on the anterior wall of the vagina, has a 

short, round, anterior lip and a long, thin, posterior lip. B. Bimanual palpa-

tion of uterus. C. Bimanual palpation of uterine adnexa (e.g., ovaries).
D. True pelvis with peritoneum intact, viewed from above. The uterus is usu-

ally asymmetrically placed. The round ligament of the female takes the same 

subperitoneal course as the ductus deferens of the male.

E. Laparoscopy involves inserting a laparoscope into the peritoneal cavity 
through a small incision below the umbilicus. Insuffl ation of inert gas cre-
ates a pneumoperitoneum to provide space to visualize the pelvic organs. 
Additional openings (ports) can be made to introduce other instruments 
for manipulation or to enable therapeutic procedures (e.g., ligation of the 
uterine tubes).
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Inferior vena cava
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Sigmoid mesocolon
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Ovary
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Fundus of uterus

Round ligament of uterus

Trigone of urinary bladder
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of uterus
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Right ureter
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Ureteric orifice

A. Anterior View

Newborn

2:1 1:1

2:1

2:1

3:1 1:1
B

4 year-old Puberty

Postmenopausal

Nulliparous* adult

Multiparous** adult

** Has given birth two
    or more times

* Has never given birth

3.34 FEMALE GENITAL ORGANS

A. Dissection. Part of the pubic bones, the anterior aspect of the blad-

der, and—on the specimen’s right side—the uterine tube, ovary, broad 

ligament, and peritoneum covering the lateral wall of the pelvis have 

been removed. B. Lifetime changes in uterine size and propor-

tion (body to cervical ratio, e.g., 2:1). All these stages represent 
normal anatomy for the particular age and reproductive status of 
the woman.

ORGANS OF FEMALE PELVIS
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Round ligament of uterus

A. Anterior View

Fundus of uterus

Ovary

Uterine tube

Cervix

Cervical canal

Cervix (vaginal part)

Vagina

Vaginal artery
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Uterine artery

Ovarian branch of uterine artery

Ovarian artery

Suspensory
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Internal ostium

Fornix of vagina

External ostium
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 Ligament of ovary

 Uterine wall

Endometrium
Myometrium

Broad ligament of uterus

Uterine artery

Ureter

Vaginal artery

Rectum

Levator ani

Labium majus

Labium minus

Rod through urethra
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Trigone of bladder
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Vaginal artery

Uterine artery

Round ligament of uterus

Uterine tube

Suspensory ligament of ovary

Uterine tube

Abdominal ostium of uterine tube

B. Anterior View

Uterus

Vagina

Ureteric orifice

3.35 UTERUS AND ITS ADNEXA

A. Blood supply. On the specimen’s left side, part of the uterine wall with 

the round ligament and the vaginal wall have been cut away to expose the 

cervix, uterine cavity, and thick muscular wall of the uterus, the myometrium. 

On the specimen’s right side, the ovarian artery (from the aorta) and uterine 

artery (from the internal iliac) supply the ovary, uterine tube, and uterus and 

anastomose in the broad ligament along the lateral aspect of the uterus. The 

uterine artery sends a uterine branch to supply the uterine body and fundus 

and a vaginal branch to supply the cervix and vagina. B. Uterus and broad 

ligament. The pubic bones and bladder, trigone excepted, are removed, as a 

continued dissection from Figure 3.34.

ORGANS OF FEMALE PELVIS
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Uterine tube
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Ovary

Round ligament
of uterus

Broad ligamentA. Anterior View

Ovarian artery

Medial cut in B
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Mesosalpinx

Ovary

Mesovarium

Round ligament
of uterus

Round ligament
of uterus (cut end)

Mesometrium

Uterine tube
(cut end)

Uterine tube
(cut end)

Ureter

Uterine artery

Uterine artery

Round ligament
of uterus

Fimbriae

Suspensory
ligament of ovary

Isthmus
Infundibulum
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Uterine tube:

B. Anterolateral View

C. Medial View

Abdominal
hysterectomy

(red line)

Vaginal hysterectomy
(blue line)

3.36 UTERUS AND BROAD LIGAMENT

A. and B. Two paramedian sections show “mesenteries” with the prefi x meso-. “Salpinx” is the 

Greek word for trumpet or tube, “metro” for uterus. The mesentery of the uterus and uterine tube 

is called the broad ligament. The major part of the broad ligament, the mesometrium, is attached 

to the uterus. The ovary is attached to the broad ligament by a mesentery of its own, called the 

mesovarium; to the uterus by the ligament of the ovary; and near the pelvic brim, by the suspensory 

ligament of the ovary containing the ovarian vessels. The part of the broad ligament superior to 

the level of the mesovarium is called the mesosalpinx. C. Hysterectomy (excision of the uterus) 
is performed through the lower anterior abdominal wall or through the vagina. Because the 
uterine artery crosses superior to the ureter near the lateral fornix of the vagina, the ureter is 
in danger of being inadvertently clamped or severed when the uterine artery is tied off during 
a hysterectomy.

ORGANS OF FEMALE PELVIS
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Right ureter
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Round ligament of uterusUterine tube
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E. Posterior View

D. Posterior View

Left ovary

Right ovary
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Abdominal
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3.36 UTERUS AND BROAD LIGAMENT (CONTINUED)

D. Uterus in situ. E. Uterus and adnexa, removed from cadaver.
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A

3.37 PREGNANT UTERUS

A. Median section; fetus is intact.
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B. Anteroposterior View 

C. Maternal Surface of Placenta

Maternal surface of
placenta with cotyledons

Amnion

Umbilical cord

3.37 PREGNANT UTERUS (CONTINUED)

B. Radiograph of fetus. C. Photograph of an 18-week-old fetus connected to the placenta by the umbilical cord.
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Rectum

Trigone of urinary bladder
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Broad ligament (cut edge)
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3.38 URETER AND RELATIONSHIP TO UTERINE ARTERY

• Most of the pubic symphysis and most of the bladder (except the trigone) 

have been removed as in Figure 3.34B.

• The left ureter is crossed by the ovarian vessels and nerves; the apex of 

the inverted V-shaped root of the sigmoid mesocolon is situated anterior 

to the left ureter.

• The left ureter crosses the external iliac artery at the bifurcation of the 

common iliac artery and then descends anterior to the internal iliac artery; 

its course is subperitoneal from where it enters the pelvis to where it 

passes deep to the broad ligament and is crossed by the uterine artery. 

Injury of the ureter may occur in this region when the uterine artery is 
ligated and cut during hysterectomy.
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Internal pudendal artery

Left internal iliac artery

Left external iliac artery
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3.39 ARTERIAL SUPPLY OF FEMALE PELVIS AND PERINEUM

• The blood supply of the uterus is mainly from the uterine arteries, with potential collateral supply from the 

ovarian arteries.

• The arteries supplying the superior part of the vagina derive from the uterine arteries; the arteries supplying 

the middle and inferior parts of the vagina derive from the vaginal and internal pudendal arteries.

• The superior vesical arteries supply the anterosuperior parts of the bladder; the vaginal arteries supply the 

postero-inferior parts of the bladder.
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3.40 ARTERIES AND VEINS OF FEMALE PELVIS

A. Arteries in situ. B. Pelvic veins and venous plexuses. C. Arteries isolated from A.
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3.40 ARTERIES AND VEINS OF FEMALE PELVIS (CONTINUED)

TABLE 3.7 ARTERIES OF FEMALE PELVIS

Artery Origin Course Distribution

Internal iliac Common iliac artery Passes over pelvic brim and descends into pelvic cavity Main blood supply to pelvic organs, gluteal muscles, and perineum

Anterior division of internal 
iliac artery

Internal iliac artery Passes anteriorly along lateral wall of pelvis, dividing into 
visceral, obturator, and internal iliac arteries

Pelvic viscera and muscles of superior medial thigh and perineum

 Umbilical Anterior division of 
internal iliac artery

Short pelvic course, gives off superior vesical arteries Superior aspect of urinary bladder

 Superior vesical artery Patent proximal part 
of umbilical artery

Usually multiple, pass to superior aspect of urinary bladder Superior aspect of urinary bladder

 Obturator

Anterior division of 
internal iliac artery

Runs antero-inferiorly on lateral pelvic wall Pelvic muscles, nutrient artery to ilium, head of femur, and muscles of 
medial compartment of thigh

 Uterine Runs anteromedially in base of broad ligament/superior cardi-
nal ligament; gives rise to vaginal branch, then crosses ureter 
superiorly to reach lateral aspect of uterine cervix

Uterus, ligaments of uterus, medial parts of uterine tube and ovary, 
and superior vagina

 Vaginal Divides into vaginal and inferior vesical branches Vaginal branch: lower vagina, vestibular bulb, and adjacent rectum; 
inferior vesical branch: fundus of urinary bladder

 Middle rectal Descends in pelvis to inferior part of rectum Inferior part of rectum

 Internal pudendal Exits pelvis via greater sciatic foramen and enters perineum 
(ischio-anal fossa) via lesser sciatic foramen

Main artery to perineum including muscles of anal canal and 
perineum, skin and urogenital triangle and erectile bodies

Posterior division of internal 
iliac artery

Internal iliac artery Passes posteriorly and gives rise to parietal branches Pelvic wall and gluteal region

 Iliolumbar
Posterior division of 
internal iliac artery

Ascends anterior to sacro-iliac joint and posterior to common 
iliac vessels and psoas major

Iliacus, psoas major, quadratus lumborum muscles, and cauda 
equina in vertebral canal

 Lateral sacral (superior 
and inferior)

Run on anteromedial aspect of piriformis Piriformis muscle, structures in sacral canal, and erector spinae 
muscles

Ovarian Abdominal aorta Crosses pelvic brim and descends in suspensory ligament to ovary Abdominal and/or pelvic ureter, ovary, and ampullary end of uterine tube
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3.41 LYMPHATIC DRAINAGE OF FEMALE PELVIS AND PERINEUM

A. Pelvic urinary system. B. Internal genital organs. C. Vulva.
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Internal iliac
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Pararectal

Lymph nodes:

3.41 LYMPHATIC DRAINAGE OF FEMALE PELVIS AND PERINEUM (CONTINUED)

TABLE 3.8 LYMPHATIC DRAINAGE OF STRUCTURES OF FEMALE PELVIS AND PERINEUM

Lymph Node Group Structures Typically Draining to Lymph Node Group

Lumbar Gonads and associated structures (along ovarian vessels), ovary, uterine tube (except isthmus and intra-uterine parts), fundus of uterus, common iliac nodes

Inferior mesenteric Superiormost rectum, sigmoid colon, descending colon, pararectal nodes

Common iliac External and internal iliac lymph nodes

Internal iliac Inferior pelvic structures, deep perineal structures, sacral nodes, base of bladder, inferior pelvic ureter, anal canal (above pectinate line), inferior rectum, 
middle and upper vagina, cervix, body of uterus, sacral nodes

External iliac Anterosuperior pelvic structures, deep inguinal nodes, superior bladder, superior pelvic ureter, upper vagina, cervix, lower body of uterus

Superfi cial inguinal Lower limb, superfi cial drainage of inferolateral quadrant of trunk, including anterior abdominal wall inferior to umbilicus, gluteal region, superolateral uterus 
(near attachment of round ligament), skin of perineum including vulva, ostium of vagina (inferior to hymen), prepuce of clitoris, peri-anal skin, anal canal inferior 
to pectinate line

Deep inguinal Glans of clitoris, superfi cial inguinal nodes

Sacral Postero-inferior pelvic structures, inferior rectum, inferior vagina

Pararectal Superior rectum
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Innervation:
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with sympathetic and
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Presynaptic sympathetic
Postsynaptic sympathetic
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Postsynaptic parasympathetic
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S5
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S3

S2
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Superior
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plexus

Pelvic sub-
peritoneal
viscera
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peritoneal
viscera

Pelvic
plexus

Para-aortic plexus
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Uterovaginal plexus

Pelvic plexus

Ovarian plexus

Uterine plexus

Pudendal 
nerve

Pudendal 
nerve

Lower limit of peritoneum
(pelvic pain line)

Spinal ganglion

Spinal
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Pelvic splanchnic
nerves

Pelvic 
plexus

Sacral
plexus

Lumbar
splanchnic 

nerves

Perineum

Prevertebal (sympathetic) ganglia

Enteric (parasympathetic) ganglion

Anterior View

Vagina

Cervix

Peri-arterial plexus
of ovarian artery

Upper lumbar
sympathetic

trunk

Spinal cord

3.42 INNERVATION OF FEMALE PELVIC 
VISCERA

• Pelvic splanchnic nerves (S2–S4) supply parasym-

pathetic motor fi bers to the uterus and vagina (and 

vasodilator fi bers to the erectile tissue of the clitoris 

and bulb of the vestibule; not shown).

• Presynaptic sympathetic fi bers pass through the 

lumbar splanchnic nerves to synapse in prevertebral 

ganglia; the postsynaptic fi bers travel through the 

superior and inferior hypogastric plexuses to reach 

the pelvic viscera.

• Visceral afferent fi bers conducting pain from intra-

peritoneal viscera travel with the sympathetic fi bers 

to the T12–L2 spinal ganglia. Visceral afferent fi bers 

conducting pain from subperitoneal viscera travel with 

parasympathetic fi bers to the S2–S4 spinal ganglia.

• Somatic sensation from the opening of the vagina 

also passes to the S2–S4 spinal ganglia via the 

pudendal nerve.

• Muscular contractions of the uterus are hormonally 

induced.
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3.43 INNERVATION OF PELVIC VISCERA DURING PREGNANCY; NERVE BLOCKS

• A spinal block, in which the anesthetic agent is introduced with a needle into the spinal subarachnoid 
space at the L3–L4 vertebral level produces complete anesthesia inferior to approximately the waist 
level. The perineum, pelvic fl oor, and birth canal are anesthetized, and motor and sensory functions of 
the entire lower limbs, as well as sensation of uterine contractions, are temporarily eliminated.

• With the caudal epidural block, the anesthetic agent is administered using an in-dwelling catheter in 
the sacral canal. The entire birth canal, pelvic fl oor, and most of the perineum are anesthetized, but the 
lower limbs are not usually affected. The mother is aware of her uterine contractions.

• A pudendal nerve block is a peripheral nerve block that provides local anesthesia over the S2–S4 der-
matomes (most of the perineum) and the inferior quarter of the vagina. It does not block pain from the 
superior birth canal (uterine cervix and superior vagina), so the mother is able to feel uterine contractions.
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252 INNERVATION OF FEMALE PELVIC ORGANS

A. Medial View

Uterine tube
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Recto-uterine fold

Ligament of ovary

Vessels in broad ligament
Round ligament

Uterine tube

Appendix

Meso-appendix

Suspensory ligament of ovary

Round ligament of uterus

Section of broad ligament

Uterus

Pubic symphysis

Uterosacral
ligament

Recto-uterine fold

Recto-uterine pouch
Rectum

Posterior fornix
of vaginaVagina

Peritoneum

Peritoneum (cut edge)

Endopelvic fascia

Removed from A

Round ligament
of uterus

Suspensory ligament
of ovary

3.44 SERIAL DISSECTION OF AUTONOMIC NERVES OF FEMALE PELVIS

A. Broad ligament and peritoneum of the lateral wall of the pelvic cavity have been removed to expose the 

endopelvic fascia.
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Urinary bladder

Rectum

Coccyx

Pelvic splanchnic nerves
(anterior rami of S3 and S4)

Twigs from sympathetic trunk
(sacral splanchnic nerves)

Recto-uterine fold

Recto-uterine pouch

Uterus
(pulled medially)

B. Medial View

C. Medial View

Hypogastric nerve

Sacrum (S1 segment)

Sympathetic ganglion

Anterior ramus S3 

 Anterior ramus S4 

Coccyx

Rectum

Urinary bladder

Uterovaginal plexus

Right inferior
hypogastric plexus

and ganglion

Uterine artery

Ureter

Sympathetic trunk

Recto-uterine fold

Recto-uterine pouch

Uterus

Uterus
pulled medially

3
4

1
2

1. Pubic symphysis
2. Urinary bladder
3. Uterus
4. Rectum

Peritoneum
(cut edge)

Endopelvic fascia

Peritoneum
(cut edge)

Endopelvic fascia
(cut edge)

Peritoneum (cut edge)

3.44 SERIAL DISSECTION OF 
AUTONOMIC NERVES 
OF FEMALE PELVIS 
(CONTINUED)

B. The rectum and endopelvic fascia have 

been refl ected anteriorly to expose the 

hypogastric nerves, sympathetic trunk, 

and pelvic splanchnic nerves (parasym-

pathetic). C. The subperitoneal fatty-

areolar tissue has been removed and the 

inferior hypogastric plexus exposed. The 

inferior hypogastric plexus continues as 

the uterovaginal plexus and supplies the 

uterus, uterine tubes, vagina, urethra, 

greater vestibular glands, erectile tissue 

of the clitoris, and bulb of the vestibule.
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254 SUBPERITONEAL REGION OF PELVIS
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Obturator artery
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(puborectalis)
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 Peritoneum of
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A. Transverse Section, Superior View

B.

3.45 TRANSVERSE SECTION THROUGH FEMALE PELVIS

A. Transverse section through the ischial tuberosities. B. Enlargement of central part of section including the 

bladder, vagina, rectum, and recto-uterine pouch.
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SUBPERITONEAL REGION OF PELVIS
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Pubovesical ligament
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ligament)
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Urinary bladder
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3.46 PELVIC FASCIA AND SUPPORTING MECHANISM 
OF CERVIX AND UPPER VAGINA

A. Greater and lesser pelvis demonstrating pelvic viscera and endopelvic 

fascia. B. Schematic illustration of fascial ligaments and areolar spaces 

at level of tendinous arch of pelvic fascia.

• Note the parietal pelvic fascia covering the obturator internus and levator 

ani muscles and the visceral pelvic fascia surrounding the pelvic organs. 

These membranous fasciae are continuous where the organs penetrate 

the pelvic fl oor, forming a tendinous arch of pelvic fascia bilaterally.

• The endopelvic fascia lies between, and is continuous with, both vis-

ceral and parietal layers of pelvic fascia. The loose, areolar portions 

of the endopelvic fascia have been removed; the fi brous, condensed 

portions remain. Note the condensation of this fascia into the hypo-

gastric sheath, containing the vessels to the pelvic viscera, the ure-

ters, and (in the male) the ductus deferens.

• Observe the ligamentous extensions of the hypogastric sheath: the 

lateral ligament of the urinary bladder, the transverse cervical liga-

ment at the base of the broad ligament, and a less prominent lamina 

posteriorly containing the middle rectal vessels.
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256 SURFACE ANATOMY OF PERINEUM

A. Inferior View

B. Inferior View

Scrotum

Scrotal raphe

Perineal raphe

Anus

Anus

Perineal raphe

Scrotum

Pubic hairs covering pubic region

Root of penis

Body of penis

Corona of glans

Glans penis

3.47 SURFACE ANATOMY OF MALE PERINEUM

A. Scrotum and anal region. B. Penis, scrotum, and anal region.
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SURFACE ANATOMY OF PERINEUM

Anus

Labium majus

Labium majus

Anterior commissure
of labia majora

Mons pubis

Prepuce of clitoris

Prepuce of clitoris

Glans of clitoris

Labium minus

Labium minus

External urethral orifice

Vaginal orifice

Site of perineal body

Frenulum of labia minora

Hymenal caruncle

Posterior commissure
of labia majora

B. Antero-inferior View (Lithotomy Position)

A. Anterior View

3.48 SURFACE ANATOMY OF THE FEMALE PERINEUM

A. External genitalia (pudendum; vulva), standing position. B. Vestibule of vagina and the external urethral and 

vaginal orifi ces opening into it (recumbent position).
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258 OVERVIEW OF MALE AND FEMALE PERINEUM

External urethral
sphincter

Compressor urethrae

Deep transverse perineal
 

Bulbo-urethral gland within 
deep transverse perineal

Urethrovaginal sphincter

Urethra

Urogenital hiatus

Vagina

Pubococcygeus (1)

Rectum

Iliococcygeus (2 )

Dorsal nerve and 
vessels of penis

Dorsal nerve and 
vessels of clitoris

Deep perineal 
vessels covered 

with perineal 
membrane

A. Inferior View

B. Inferior View

C. Inferior View

Male Female

Coccygeus (3 )

(1 + 2 Levator ani)
(1 + 2 + 3 Pelvic diaphragm)

Smooth muscle

3.49 MALE AND FEMALE PERINEAL COMPARTMENTS

A.–F. Sequential demonstration of structures of the perineal compartments, from deep to superfi cial. A.–C. 

Deep perineal compartment (superior to perineal membrane). A. Pelvic diaphragm. B. Muscles of deep peri-

neal compartment. C. Deep perineal vessels and nerves, covered by perineal membrane on right side.
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OVERVIEW OF MALE AND FEMALE PERINEUM

Anal triangle

Urogenital
triangle

D. Inferior View

E. Inferior View

Urethra

Greater vestibular gland

Body of clitoris

Corpus cavernosum penis

Corpus spongiosum penis

Bulb

Crus

Male Female

Urethra

Superficial transverse
perineal 

External anal sphincter

External urethral orifice

Vaginal orifice

Ischiocavernosus

Bulbospongiosus

Anus

Perineal body

F. Inferior View

3.49 MALE AND FEMALE PERINEAL COMPARTMENTS (CONTINUED)

D.–F. Superfi cial perineal compartment (inferior to perineal membrane). D. Erectile bodies. E. Muscles of 

superfi cial perineal compartment. F. Superfi cial muscles imposed on surface anatomy of perineum.
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260 OVERVIEW OF MALE AND FEMALE PERINEUM

TABLE 3.9 MUSCLES OF PERINEUM

Muscle Origin Course and Insertion Innervation Main Action

External anal 
sphincter

Skin and fascia surrounding 
anus; coccyx via anococcygeal 
ligament

Passes around lateral aspects of anal canal; 
insertion into perineal body

Inferior anal (rectal) 
nerve, a branch of 
 pudendal nerve (S2–S4)

Constricts anal canal during peristalsis, resisting 
defecation; supports and fi xes perineal body and 
pelvic fl oor

Bulbospongiosus Male: median raphe on ventral 
surface of bulb of penis; 
perineal body

Male: surrounds lateral aspects of bulb of 
penis and most proximal part of body of 
penis, inserting into perineal membrane, 
dorsal aspect of corpora spongiosum and 
cavernosa, and fascia of bulb of penis

Muscular (deep) branch 
of perineal nerve, a 
branch of the pudendal 
nerve (S2–S4)

Male: supports and fi xes perineal body/pelvic 
fl oor; compresses bulb of penis to expel last drops 
of urine/semen; assists erection by compressing 
outfl ow via deep perineal vein and by pushing blood 
from bulb into body of penis

Female: perineal body Female: passes on each side of lower vagina, 
enclosing bulb and greater vestibular gland; 
inserts onto pubic arch and fascia of corpora 
cavernosa of clitoris

Female: supports and fi xes perineal body/pelvic 
fl oor; “sphincter” of vagina; assists in erection of 
clitoris (and perhaps bulb of vestibule); compresses 
greater vestibular gland

Ischiocavernosus Internal surface of ischiopubic 
ramus and ischial tuberosity

Embraces crus of penis or clitoris, inserting 
onto the inferior and medial aspects of the 
crus and to the perineal membrane medial 
to the crus

Maintains erection of penis or clitoris by 
 compressing outfl ow veins and pushing blood from 
the root of penis or clitoris into the body of penis or 
clitoris

Superfi cial transverse 
perineal

Internal surface of ischiopubic 
ramus and ischial tuberosity

Passes along inferior aspect of posterior 
border of perineal membrane to perineal body

Supports and fi xes perineal body (pelvic fl oor) to 
support abdominopelvic viscera and resist increased 
intra-abdominal pressure

Deep transverse 
perineal (male only)

Passes along superior aspect of posterior 
 border of perineal membrane to perineal 
body, and external anal sphincter

Muscular (deep) branch 
of perineal nerve

Smooth muscle 
(female only)

Ischiopubic rami

Passes to lateral wall of urethra and vagina Autonomic nerves Quantity of smooth muscle increases with age; 
function uncertain

External urethral 
sphincter

Surrounds urethra superior to perineal 
membrane; in males, also ascends anterior 
aspect of prostate

Dorsal nerve of penis or 
clitoris, terminal branch of 
pudendal nerve (S2–S4)

Compresses urethra to maintain urinary continence

Compressor urethrae 
(females only)

Internal surface of ischiopubic 
ramus

Continuous with external urethral sphincter Compresses urethra; with pelvic diaphragm; assists 
in elongation of urethra

Urethrovaginal 
sphincter (females 
only)

Anterior side of urethra Continuous with compressor urethrae; 
extends posteriorly on lateral wall of urethra 
and vagina to interdigitate with fi bers from 
opposite side of perineal body

Compresses urethra and vagina

Oelrich TM. The urethral sphincter muscle in the male. Am J Anat 1980;158:229–246.
Oelrich TM. The striated urogenital sphincter muscle in the female. Anat Rec 1983;205:223–232.
Mirilas P, Skandalakis JE. Urogenital diaphragm: an erroneous concept casting its shadow over the sphincter urethrae and deep perineal space. J Am Coll Surg 2004;198:279–290.
DeLancey JO. Correlative study of paraurethral anatomy. Obstet Gynecol 1986;68:91–97.
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urethral sphincter
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Compressor
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Perineal body
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 Inferior View

3.50 MUSCLES OF PERINEUM

A potential subcutaneous perineal space (pouch) lies between the membra-

nous layer of the subcutaneous tissue of the perineum and the perineal fascia 

(investing fascia of the superfi cial perineal muscles). The superfi cial perineal 

compartment (pouch) is an enclosed compartment bounded inferiorly by the 

perineal fascia and superiorly by the perineal membrane. The deep compart-

ment is bounded inferiorly by the perineal membrane and continues superi-

orly to the (inferior investing fascia of the) pelvic diaphragm (Oelich, 1980, 

1983; DeLancy 1986; Mirilus, 2004).
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(parietal and visceral layers)

A. Medial View

B. Anterior View
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3.51 PERINEAL FASCIA AND PERINEAL COMPARTMENTS

A. Fascia of male perineum, median section. B. Compartments of male perineum, coronal section.
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Subcutaneous tissue

Membranous deep fascia
(parietal and visceral layers)

C. Medial View

D. Anterior View
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Vestibule of vagina
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3.51 PERINEAL FASCIA AND PERINEAL COMPARTMENTS (CONTINUED)

C. Fascia of female perineum, median section. D. Compartments of female perineum, coronal section. 

Tendinous arch of levator ani = thickening of obturator fascia providing origin for levator ani; tendinous arch of 

pelvic fascia = thickening where somatic and parietal membranous pelvic fascias merge.
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Internal urethral sphincter
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External urethral sphincter
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Puborectalis
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Muscles compressing urethra:
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Urinary bladder
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A. Left Lateral View, Male

B. Left Lateral View, Female

Vagina

Urethra Perineal body

3.52 SUPPORTING AND COMPRESSOR/SPHINCTERIC MUSCLES OF PELVIS

A. Male. B. Female.
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3.53 DISSECTION OF MALE PERINEUM I

Superfi cial dissection.

• The membranous layer of subcutaneous tissue of the perineum was 

incised and refl ected, opening the subcutaneous perineal compartment 

(pouch) in which the cutaneous nerves course.

• The perineal membrane is exposed between the three paired muscles of 

the superfi cial compartment; although not evident here, the muscles are 

individually ensheathed with investing fascia.

• The anal canal is surrounded by the external anal sphincter. The superfi cial 

fi bers of the sphincter anchor the anal canal anteriorly to the perineal body 

and posteriorly, via the anococcygeal body (ligament), to the coccyx and 

skin of the gluteal cleft.

• Ischio-anal (ischiorectal) fossae, from which fat bodies have been 

removed, lie on each side of the external anal sphincter. The fossae 

are also bound medially and superiorly by the levator ani, laterally by 

the ischial tuberosities and obturator internus fascia, and posteriorly by 

the gluteus maximus overlying the sacrotuberous ligaments. An ante-

rior recess of each ischio-anal fossa extends superior to the perineal 

membrane.

• In the lateral wall of the fossa, the inferior anal (rectal) nerve emerges 

from the pudendal canal and, with the perineal branch of S4, supplies the 

voluntary external anal sphincter and perianal skin; most cutaneous twigs 

have been removed.
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A. Inferior View

Incised external anal sphincter

Musculofibrous continuation of
longitudinal layer of rectum

Membranous layer of
subcutaneous tissue

(Scarpa's fascia)

Bloody
extravasation

Deep (Buck)
fascia of penis

   

Fatty layer of
perineal fascia

Deep (Buck) 
fascia of penis

Membranous layer of
subcutaneous tissue

Dartos fascia

Perforation
of spongy urethra

Bloody
extravasation

B. Medial view (from left)

3.54 DISSECTION OF THE MALE PERINEUM II

A. The superfi cial perineal muscles have been removed, revealing the 

roots of the erectile bodies (crura and bulb) of the penis, attached to the 

ischiopubic rami and perineal membrane. On the left side, the super-

fi cial and deep parts of the external anal sphincter were incised and 

refl ected; the underlying musculofi brous continuation of the outer longi-

tudinal layer of the muscular layer of the rectum is cut to reveal thicken-

ing of the inner circular layer that comprises the internal anal sphincter. 

B. Rupture of the spongy urethra in the bulb of the penis results in 

extravasation (abnormal passage) of urine into the subcutaneous 
perineal compartment. The attachments of the membranous layer 
of subcutaneous tissue determine the direction and restrictions of 
fl ow of the extravasated urine. Urine and blood may pass deep to the 
continuations of the membranous layer in the scrotum, penis, and 
inferior abdominal wall. The urine cannot pass laterally and inferiorly 
into the thighs because the membranous layer fuses with the fascia 
lata (deep fascia of the thigh), nor posteriorly into the anal triangle 
due to continuity with the perineal membrane and perineal body.
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External anal sphincter

Ischial tuberosity

Skin around anus

Sacrotuberous ligament

Tip of coccyx

* Iliococcygeus

* Pubococcygeus

* Coccygeus

* Collectively
   constitute 
   pelvic diaphragm

Internal anal sphincter

Musculofibrous 
continuation of 
longitudinal muscular
layer of rectum

Levator prostatae

Puborectalis

External anal sphincter
(subcutaneous part)

Pubic symphysis

 A. Inferior View

Peritoneum

Bladder

Prostate

Bloody
extravasation

Torn and
separated

intermediate
part of urethra

External urethral
sphincter

Pubic
symphysis

Perineal
membrane

B. Medial View (from left)

3.55 DISSECTION OF THE MALE PERINEUM III

A. The perineal membrane and structures superfi cial to it have been 

removed. The prostatic urethra, base of the prostate, and rectum are 

visible through the urogenital hiatus of the pelvic diaphragm. The osseo-

fi brous boundaries are demonstrated. B. Rupture of the intermedi-

ate part of the urethra results in extravasation of urine and blood 
into the deep perineal compartment. The fl uid may pass superiorly 
through the urogenital hiatus and distribute extraperitoneally around 
the prostate and bladder.
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External 
spermatic fascia

Ilio-inguinal nerve

Suspensory ligament 
of penis

Deep dorsal vein of penis

Glans penis

Dorsal artery of penis 

Dorsal nerve of penis 

External spermatic
fascia

Testis

Epididymis

Superficial (external)
inguinal ring

Testicular artery

Pampinform plexus
of veins

C. Anterior View

Glans penis

Pubic hair
covering
pubic region

Root of penis

Body of penis

Corona of penis

Scrotum

Deferent duct
(ductus deferens)

B. Right Anterolateral View

Prepuce

Glans of penis

Scrotum

Spongy urethra

3.56 GLANS, PREPUCE, AND 
NEUROVASCULAR BUNDLE OF PENIS

A. Surface anatomy, penis circumcised. B. Uncircumcised 

penis. C. Vessels and nerves of penis and contents of sper-

matic cord.

In C:

• The superfi cial and deep fasciae covering the penis are 

removed to expose the midline deep dorsal vein and the 

bilateral dorsal arteries and nerves of the penis. The tri-

angular suspensory ligament of the penis attaches to the 

region of the pubic symphysis and blends with the deep 

fascia of the penis.

• On the specimen’s left, the spermatic cord passes 

through the external inguinal ring and picks up a cover-

ing of external spermatic fascia from the margins of the 

superfi cial inguinal ring.

• On the specimen’s right, the coverings of the spermatic 

cord and testis are incised and refl ected, and the con-

tents of the cord are separated.
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Deep perineal pouch

Dorsum of penis

Superficial perineum (superficial
compartment, ischio-anal fossae)

Pelvis

Pudendal nerve and branches, colored
by region/formation traversed:

Gluteal region

Pudendal canal

Skin

A. Lateral View

Dorsal nerve

Superficial
dorsal vein Anastomosis

of veins
Corona of glans penis

Deep dorsal vein

Prepuce or foreskin

External urethral orifice

Frenulum of prepuce
Encircling vessels
and nerves

Corpus spongiosum
(contains spongy urethra)

Deep fascia of penis

Dorsal artery

Glans penis

Pudendal nerve

Anterior rami

S2

S3

S4

Inferior anal
(rectal) nerve

Perineal nerve:

Muscular (deep) branches

Superficial branch

Posterior scrotal nerves

Dorsal nerve of penis

B. Medial View

3.57 LAYERS AND NERVES OF PENIS

A. Dissection. The skin, subcutaneous tissue, and deep fascia of the penis and prepuce are refl ected 

separately. B. Distribution of pudendal nerve, right hemipelvis. Five regions transversed by the nerve are 

demonstrated.
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A. Lateral View

Urachus

Glans penis

Corpora cavernosa,
 right and left

Corpus spongiosum
Body of

 penis

Root of
 penis Crura

Bulb

Intermediate (membranous) urethra

Right seminal gland

Right ureter

Left ureter

Prostate

Urinary bladder

Crura 
of penis Right crus

Intermediate
(membranous)

urethra

Glans penis

Corona of glans

Bulb of
penis

Left crus

Left crus

C. Lateral View

Corpus 
cavernosum penis

Corona of 
glans 

Glans penis

Corpus
spongiosum penisBulb of penis

Intermediate
 (membranous)

 urethra

Right crus

B. Lateral View

Right ductus deferens

Left ductus deferens

Corpus
spongiosum

penis

Corpus cavernosum penis

3.58 MALE UROGENITAL SYSTEM, ERECTILE BODIES

A. Pelvic components of genital and urinary tracts and erectile bodies of perineum. B. Dissection of male 

erectile bodies (corpora cavernosa and corpus spongiosum). C. Corpus spongiosum and corpora cavernosa, 

separated. The corpora cavernosa are bent where the penis is suspended by the suspensory ligament of the 

penis from the pubic symphysis. The corpus spongiosum extends posteriorly as the bulb of the penis and 

terminates anteriorly as the glans.
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3.59 CROSS SECTIONS OF PENIS

A. Transverse section through bulb of penis with crura removed. The bulb is cut posterior to the 

entry of the intermediate urethra. On the left side, the perineal membrane is partially removed, 

opening the deep perineal compartment. B. The crura and bulb of penis have been sectioned 

obliquely. The spongy urethra is dilated within the bulb of the penis. C. Transverse section 

through body of penis. D. Transverse section through the proximal part of the glans penis. 

E. Transverse section through the distal part of the glans penis.

A
B

C

D

E

Lateral View

Dorsal veins

Pubic symphysis

Pubic symphysis

Transverse perineal
ligament

Deep artery of penis

Intermediate urethra

Accessory artery
to bulb

Bulb of penis

Artery to bulb

Perineal
membrane

Perineal membrane

Deep dorsal vein

Deep dorsal vein

Dorsal artery

Ischiopubic ramus

Deep artery of penis

Intrabulbar fossa
of spongy urethra

Corpus spongiosum

Bulb of penis

Crus of penis

of penis

of penis

Dorsal nerve

Dorsal nerve

Dorsal artery

Dorsal artery

Subcutaneous
tissue (Colles
fascia)

Dorsal nerve

Septum penis

Deep artery

Corpus cavernosum
penis and its tunica
albuginea

Intercavernous septum
of deep fascia

Erectile tissue of
glans penis

Navicular fossa
(urethra)

Corona of glans penis

Septum penis

Corpus
cavernosum penis

Spongy (penile)urethra

Corpus spongiosum penis

Corpus spongiosum penis
and its tunica albuginea

C. Transverse Section

D. Transverse Section

E. Transverse Section

A. Anterior/Inferior View

B. Anterior View

Deep

Deep fascia

Spongy (penile)
urethra

Skin

DORSUM

URETHRAL SURFACE

Superficial
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Intramural (preprostatic)

Parts of male urethra:

Prostatic

Spongy (penile)

Intermediate (membranous)

Glans penis

C. Urethal Aspect of Distal Penis

External urethral orifice

Navicular fossa 

Urethral lacuna

Orifices of urethral glands

Corpus spongiosum penis

Skin

Frenulum
 of prepuce

Spongy (penile) urethra

B. Transverse Section, Inferior View

Dorsal vein of penis Spermatic cord

Obturator externus

Superficial 
perineal muscles

Ischial tuberosityAnal canalLevator ani (puborectalis)

Gluteus maximus

Ischio-anal fossa

Bulb of penis

Intrabulbar fossa
of spongy urethra

Femoral artery
and vein

Adductors

Corpora cavernosa penis

Sciatic nerve

Urinary bladder

Intrabulbar fossa

Navicular fossa

Prostate

Seminal colliculus

Right seminal gland

External
urethral
orifice

Corona of glans

Neck of glans

Root of penis

Body of penis

Glans penis

Bulb

Crura

Bulbo-urethral gland
and duct

A. Lateral View

Corpus spongiosum

Corpora cavernosa,
right and left

* 

* 

* 

3.60 URETHRA

A. Urethra and related structures. B. Transverse section of body passing through the bulb of the penis. 

C. Spongy urethra, interior. A longitudinal incision was made on the urethral surface of the penis and carried 

through the fl oor of the urethra, allowing a view of the dorsal surface of the interior of the urethra.
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Termination of
round ligament of uterus

Ilio-inguinal nerve

External pudendal vessels

Perineal branch of posterior
cutaneous nerve of thigh 

Posterior labial nerve

Superficial perineal vessels

Ischio-anal fossa

Labium majus (cut surface)

Digital process of fat

External pudendal vessels

Mons pubis

RIGHT LEFT

Labium majus (cut surface)

Prepuce of clitoris

Glans of clitoris

Labium minus

Vestibule of vagina

Inferior anal (rectal) vessels

Inferior View

3.61 FEMALE PERINEUM I

Superfi cial dissection.

On the right side of the specimen:

• A long digital process of fat lies deep to the fatty subcutaneous tissue and descends into the labium majus.

• The round ligament of the uterus ends as a branching band of fascia that spreads out superfi cial to the 

fatty digital process.

On the left side of the specimen:

• Most of the fatty digital process is removed.

• The mons pubis is the rounded fatty prominence anterior to the pubic symphysis and bodies of the pubic 

bones.

• The posterior labial vessels and nerves (S2, S3) are joined by the perineal branch of the posterior cutaneous 

nerve of thigh (S1, S2, S3) and run anterior to the mons pubis. At the mons pubis, the vessels anastomose 

with the external pudendal vessels, and the nerves overlap in supply with the ilio-inguinal nerve (L1).
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Gluteus maximus

Bulbospongiosus

Ischiocavernosus

Dorsal nerve of clitoris

Perineal membrane

Perineal branch of posterior 
cutaneous nerve of thigh

Deep

Superficial
Branches of 
perineal nerve

Dorsal nerve of clitoris

Superficial transverse perineal

Perineal nerve

Pudendal nerve

Inferior anal (rectal) nerve

External anal sphincter

A. Inferior View

B. Inferior View

C. Inferior View

Ilio-inguinal nerve block site

Anterior labial
nerve

Dorsal nerve
of clitoris

Posterior labial
nerves

Deep perineal
nerve

Perineal branch of
posterior cutaneous
nerve of thigh

Inferior rectal
(anal) nerve

Inferior clunial
nerves

Sacrospinous ligament

Perineal branch of posterior
cutaneous nerve of thigh

Pudendal nerve

Ischial spine (pudendal
nerve block site)

3.62 INNERVATION OF THE FEMALE PERINEUM

A. and B. The anterior aspect of the perineum is supplied by anterior 

labial nerves, derived from the ilio-inguinal nerve and genital branch of 

the genitofemoral nerve. The pudendal nerve is the main nerve of the 

perineum. Posterior labial nerves, derived from the superfi cial perineal 

nerve, supply most of the vulva. The deep perineal nerve supplies the 

orifi ce of the vagina and superfi cial perineal muscles; and the dorsal 

nerve of the clitoris supplies deep perineal muscles and sensations to 

the clitoris. The inferior anal (rectal) nerve, also from the pudendal nerve, 

innervates the external anal sphincter and the perianal skin. The lateral 

perineum is supplied by the perineal branch of the posterior cutaneous 

nerve of the thigh. C. To relieve the pain experienced during childbirth, 
pudendal nerve block anesthesia may be performed by injecting 
a local anesthetic agent into the tissue surrounding the pudendal 
nerve, near the ischial spine. A pudendal nerve block does not abol-
ish sensations from the anterior and lateral parts of the perineum. 
Therefore, an anesthetic block of the ilio-inguinal and/or peri-

neal branch of the posterior cutaneous nerve of the thigh may 
also need to be performed.
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Round ligament of uterus

Suspensory ligament of clitoris

Fascia lata

Bulbospongiosus

Ischiocavernosus

Superficial transverse perineal 

Ischio-anal fossa
Anterior recess of ischio-anal fossa

Perineal membrane

Vaginal orifice

Urethral orifice

Frenulum of clitoris

Prepuce of clitoris

Glans of clitoris

Digital process of fat

Mons pubis

Anus

Inferior View

3.63 FEMALE PERINEUM II

• Note the thickness of the subcutaneous fatty tissue of the mons pubis and the encapsulated digital process 

of fat deep to this. The suspensory ligament of the clitoris descends from the linea alba.

• Anteriorly, each labium minus forms two laminae or folds: the lateral laminae of the labia pass on each side 

of the glans clitoris and unite, forming a hood that partially or completely covers the glans, the prepuce 

(foreskin) of the clitoris. The medial laminae of the labia merge posterior to the glans, forming the frenulum 

of the clitoris.

• There are three muscles on each side: bulbospongiosus, ischiocavernosus, and superfi cial transverse peri-

neal; the perineal membrane is visible between them.

• The bulbospongiosus muscle overlies the bulb of the vestibule and the great vestibular gland. In the 

male, the muscles of the two sides are united by a median raphe; in the female, the orifi ce of the vagina 

separates the right from the left.
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Glans of clitoris

Pubic symphysis

Superficial dorsal vein
(reflected)

Dorsal artery of clitoris

Crus of clitoris

Urethral orifice

Vaginal orifice

Vaginal wall

Duct of left greater vestibular gland

Levator ani

Ischial tuberosity

Anus
Levator ani

Bulbospongiosus

Right greater
vestibular gland

and duct

Perineal membrane

Perineal branches of internal
 pudendal vessels

Bulbs of vestibule

Bulbospongiosus

Body of clitoris

Dorsal nerve of clitoris

Crus

Angle

Body

Glans

of 
clitoris

Pubic symphysis

Perineal membrane

A. Inferior View

B

3.64 FEMALE PERINEUM III

A. Deeper dissection. B. Clitoris.

In A:

• The bulbospongiosus muscle is refl ected on the right side and mostly 

removed on the left side; the posterior portion of the bulb of the vestibule 

and the greater vestibular gland have been removed on the left side.

• The glans and body of the clitoris is displaced to the right so that the distri-

bution of the dorsal vessels and nerve of the clitoris can be seen.

• Homologues of the bulb of the penis, the bulbs of the vestibule exist as two 

masses of elongated erectile tissue that lie along the sides of the vaginal 

orifi ce; veins connect the bulbs of the vestibule to the glans of the clitoris.

• On the specimen’s right side, the greater vestibular gland is situated at the 

posterior end of the bulb; both structures are covered by bulbospongiosus 

muscle.

• On the specimen’s left side, the bulb, gland, and perineal membrane are 

cut away, thereby revealing the external aspect of the vaginal wall.

In B:

• The body of the clitoris, composed of two crura (corpora cavernosa), is 

capped by the glans.
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Anal triangle

Urogenital triangle

Clitoris (cut surface)

Pubic symphysis

Obturator externus

Urethral orifice

Urethral
orifice

Vaginal orifice with
hymenal carunculae

Vaginal
orifice

Vaginal wall

Internal pudendal
vessels 

Ischial tuberosity

Perineal body

Anococcygeal body
Anus

Anus

External
anal sphincter

Gluteus maximus

Coccygeus

Levator ani

Pubovaginalis

Labium minus (cut surface)

Urethrovaginal sphincter

Ischio-anal fossa

A. Inferior View

Pubic
symphysis

Ischial
tuberosity

Coccyx

B. Inferior View

Ischiopubic ramus

Vestibule of vagina

Coccyx

Sacrotuberous
ligament

3.65 FEMALE PERINEUM IV

A. Deep perineal compartment. The perineal membrane and smooth mus-

cle corresponding in position to the deep transverse perineal muscle in the 

male have been removed.

• The most anterior and medial part of the levator ani muscle, the pubo-

vaginalis, passes posterior to the vaginal orifi ce.

• The urethrovaginal sphincter, part of the external urethral sphincter of the 

female, rests on the urethra and straddles the vagina.

• The labia minora (cut short here) bound the vestibule of the vagina.

A. and B. The osseoligamentous boundaries of the diamond-shaped 

perineum are the pubic symphysis, ischiopubic rami, ischial tuberosities, 

sacrotuberous ligaments, and coccyx. For descriptive purposes, a trans-

verse line connecting the ischial tuberosities subdivides the diamond into 

urogenital and anal triangles.
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Digital process of fat
(cut surface)

Prepuce of clitoris

Crus of clitoris

Bulb of vestibule
(cut anterior end)

Smooth muscle (in female)

Greater vestibular gland and duct

Ischio-anal fossa

Internal pudendal vein

Perineal membrane (cut edge)

Dorsal nerve of clitoris

Fascia lata covering
adductor muscle of thigh

Anus

Dorsal artery of clitoris

Internal pudendal artery

Pudendal nerve

Ischio-anal fat body

Inferior View

3.66 FEMALE PERINEUM V

This is a different dissection than the previous series, with the vulva undissected centrally but the perineum 

dissected deeply on each side. Although most of the perineal membrane and bulbs of the vestibule have been 

removed, the greater vestibular glands (structures of the superfi cial perineal compartment) have been left in 

place. The development and extent of the smooth muscle layer corresponding in position to the voluntary deep 

transverse perineal muscles of the male are highly variable, being relatively extensive in this case, blending 

centrally with voluntary fi bers of the external urethral sphincter and the perineal body.

The greater vestibular glands are usually not palpable, but are so when infected. Occlusion of the 
vestibular gland duct can predispose the individual to infection of the vestibular gland. The gland is 
the site or origin of most vulvar adenocarcinomas (cancers). Bartholinitis, infl ammation of the greater 
vestibular (Bartholin) glands, may result from a number of pathogenic organisms. Infected glands may 
enlarge to a diameter of 4 to 5 cm and impinge on the wall of the rectum. Occlusion of the vestibular gland 
duct without infection can result in the accumulation of mucin (Bartholin cyst   ).
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Obturator externus

Obturator internus

Puborectalis

Femoral vein

A. Transverse Section

Pubic symphysis

Urethra

Vagina

Rectum

Ischium

Anococcygeal body

Gluteus maximus

Vagina

B. Transverse Section

Rectus femoris

Tensor fasciae latae

Vastus lateralis

Femur

Sciatic nerve

Obturator internusAnal canalPuborectalisSmooth muscle
of deep perineal

compartment

Ischio-anal fossa

Gluteus maximus

Ischium

Adductor muscles

Pectineus

Branches of femoral nerve

Lymph nodes

Great saphenous vein Urethra
Profunda femoris artery

Femoral vein
Femoral artery

Crus of clitoris

A
B

3.67 FEMALE PERINEUM V

A. Section through vagina and urethra at base of urinary bladder. B. Section through vagina, urethra, and 

crura of clitoris.
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280 IMAGING AND SECTIONAL ANATOMY OF PELVIS AND PERINEUM

(Organs/structures of male pelvis and perineum are in boldface)

Bi Biceps femoris tendon
Bu Bulb of penis

Gluteal cleftGC

A Anus
Ad Adductor muscles

Cav Corpus cavernosum penis
CC Coccygeus
Cox Coccyx
Cr Crus of penis

 
EA External iliac artery

EV External iliac vein
F Femur
FA Femoral artery
FN Femoral nerve
FV Femoral vein

GT Greater trochanter
GV Superior gluteal vein
HdF Head

DVP Dorsal vein of penis

IPR Ischiopubic ramus

EAS External anal sphincter

GSV Great saphenous vein

of femur
I Body of ischium
IA Internal

IC Ischiocavernosus

DD Ductus deferens

iliac artery
IAF Ischio-anal fossa

(pararectal fat)

IE Inferior epigastric vessels
IL Iliacus
IP Iliopsoas

IR Inferior ramuspubic
IS Ischial spine
IT Ischial tuberosity

Med Gluteus medius
Min Gluteus minimus
OE Obturator externus
OI Obturator internus
OV Obturator vessels and

nerve
P Prostate

Pec Pectineus

Pir Piriformis
PR Puborectalis
PS Psoas
PV Pudenal vessels and nerves
QF Quadratus femoris
R Rectum
RA Rectus abdominis
RF Rectus femoris
RP Root of penis
Sar Sartorius
Sc Spermatic cord
SC Sigmoid colon
SG Seminal gland
SM Sigmoidal vessels in

mesentery of sigmoid colon
Sn Sciatic nerve
SP Superior ramus of pubis
SR Sacrum
Sy Pubic symphysis
U Urethra
UB Urinary bladder
VI Vastus intermedius

PB Perineal body

IV Internal iliac vein

LA Levator ani
Max Gluteus maximus

PF Profunda femoris artery

F

RA

IE

EA
EV

IL

Pir

GV

Max

Max

Med
Min

SC

PS

SR

IliumSM

IA
IV

A

UB

Cox

HdF

GT

CC
IS

SGSG
I

SP

OI

OV

OI

R

Pec
FV

FN
FA

SnSnSn

IP
Sar

RF

B

Max

IT

F
OI OI

OE IP

RF

Sar

R

P

PV LA

IR

FV FA PFScRP

GC

GC
Sn

C

Sy

Pec

A

B

C

D

ANTERIOR
(ANT)

POSTERIOR
(POST)

RIGHT
(R)

LEFT
(L)

3.68 TRANSVERSE (AXIAL) MRIs AND SECTIONAL 
SPECIMEN OF MALE PELVIS AND PERINEUM, 
INFERIOR VIEWS

A.–D. MRIs. E. Anatomical section.
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ANT

POST

R L

Common iliac artery

Internal iliac artery

External iliac artery

Inferior gluteal artery

Vesical artery

Obturator artery

Internal pudendal artery

Femoral artery

Femoral artery

Middle sacral artery

Lateral sacral arteries

Superior gluteal artery

Obturator artery

Lateral circumflex
femoral artery

Medial circumflex femoral artery

Anteroposterior View

D

E

IAF

EAS

PB

IAF

IAF IT

IT

F

PR

GSV FA

DD

Max

Max

QF

QF

OE

IC
OI

OE OE

VI

Pec Pec
RF

IPR

IPR

IPR

Ad
Ad

A

U

U

R

Bu

Bi

Cr Cr

CrCr

Cav
Cav DVP

Sc

FV

Sar

Sn

GC

GC

3.68 TRANSVERSE (AXIAL) MRIs AND SECTIONAL 
SPECIMEN OF MALE PELVIS AND PERINEUM, 
INFERIOR VIEWS (CONTINUED)

PELVIC ANGIOGRAPHY3.69
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A
Ad
CA
Cav
Cs
CV
DC
EA
EV
FA
FV
HdF
IL
In
IR
LA

LS
OE
OI
P
Pec
PS
Pu
PV
R
Sac
SC
SG
Sy
U
UB

Anus
Adductors
Common iliac artery
Corpus cavernosum penis
Corpus spongiosum penis
Common iliac vein
Descending colon
External iliac artery
External iliac vein
Femoral artery
Femoral vein
Head of femur
Iliacus
Small intestine
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CORONAL MRIs OF MALE PELVIS AND PERINEUM, ANTERIOR VIEWS3.70
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Pelvis and Perineum

MEDIAN MRIs OF MALE AND FEMALE PELVIS AND PERINEUM3.71

B Body of uterus
C Cervix of uterus
Co Coccyx
E Endometrium

F Fundus of uterus
M Myometrium
R Rectum
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EF Endopelvic fascia
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Sy Pubic symphysis
UB Urinary bladder
V Vagina
VU Vesico-uterine pouch
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Cav Corpus cavernosum penis
Cs Corpus spongiosum penis
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R Rectum
RA Rectus abdominis
RF Retropubic fat
RVP Rectovesical pouch
S Sacrum
SG Seminal gland
SN Sacral nerves
Sy Pubic symphysis
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A Anus
AC Acetabulum
Ad Adductor muscles
AS Anterior superior iliac spine

CC Crus of clitoris
BC Body of clitoris

Pd Pudendal nerve and vesselsEA External
EF Endopelvic fascia

Gluteal cleft

iliac artery

EV External iliac vein
FA Femoral artery
FN Femoral nerve
FV Femoral
GC

vein

HdF Head of femur
I Ilium
IAF Ischio-anal fossa
IE Inferior epigastric vessels
In Intestine
IP Iliopsoas
IPR Ischiopubic ramus
IT Ischial

Lin Linea alba

tuberosity
LA Levator ani

LM Labia majus

M Myometrium
Max Gluteus maximus
OE Obturator externus
OI Obturator internus
Ov Ovary
ONV Obturator nerve and vessels

Pec Pectineus
PIR Piriformis
Pm Perineal membrane
Pu Pubic bone
QF Quadratus femoris
R Rectum
RA Rectus
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RL Round ligament
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UB Urinary bladder
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3.72 TRANSVERSE (AXIAL) MRIs AND SECTIONAL 
SPECIMENS OF FEMALE PELVIS AND PERINEUM, 
INFERIOR VIEWS

A.–C. MRIs.
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Pm

A
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ANTERIOR

POSTERIOR
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3.72 TRANSVERSE (AXIAL) MRIs AND SECTIONAL SPECIMENS OF FEMALE PELVIS 
AND PERINEUM, INFERIOR VIEWS (CONTINUED)

D. and F. MRIs. E. and G. Anatomical sections.
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SUPERIOR
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RIGHT LEFT

ANTERIOR

POSTERIOR

INFERIOR SUPERIOR

BL Broad ligament
E Endometrium
F Ovarian follicle
FU Fundus of uterus
HdF Head of femur
I Ilium
IA Internal iliac artery
IV Internal iliac vein
IS Internal urethral sphincter
LS Lumbosacral trunk
M Myometrium
O Ovary

OE Obturator externus
OI Obturator internus
P Pectineus
PM Perineal membrane
S Sigmoid colon
Sc Sacrum
SI Sacro-iliac joint
U Urethra
UB Urinary bladder
Ut Uterus
V Vagina

IAI
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6

3

4

1

3
2

Longitudinal US Section

A B

Urinary bladder
(distended) (1)

Vagina (2)

Cervix (3)

Intestine (4)

Fundus of 
uterus (5)

Endometrium (6)

Myometrium (7)

A. Longitudinal Section

CORONAL MRIs OF FEMALE PELVIS AND PERINEUM, ANTERIOR VIEWS3.73

3.74 ULTRASOUND SCANS OF FEMALE PELVIS

A. Median (transabdominal) ultrasound scan and orientation drawing (numbers in parentheses correspond to 

labels on the ultrasound scan).
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ANTERIOR
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1

C. Transverse (Axial) Scan
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3
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4 10

9 6

8

7

D. Sagittal Scan

8

6

888

7

4

1

2

B. Transverse (Axial) Scan

Urinary bladder
(distended) (1 )

Right
ovary (2 )

Broad
ligament (3 )

Intestine (5 )

Uterus (4 )

Broad 
ligament (6 )

Endometrium and
endometrial canal (9 )

Left ovary (7 )

Ovarian follicle (8 )

Myometrium 
(10 )

D

B and C

3.74 ULTRASOUND SCANS OF FEMALE PELVIS (CONTINUED)

B. and C. Transabdominal axial (transverse) scan through uterus and ovaries. 

Transabdominal US scanning requires a fully distended urinary bladder 
to displace the bowel loops from the pelvis and to provide an acoustical 
window through which to observe pelvic anatomy.

D. Transvaginal sagittal scan of left ovary (numbers in parentheses corre-

spond to labels on the ultrasound scans). Transvaginal and transrectal 

ultrasonography enables the placing of the probe closer to the structures 
of interest, allowing increased resolution.

IMAGING AND SECTIONAL ANATOMY OF PELVIS AND PERINEUM
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Uterine cavity
Uterine tubes

KEY for B:
Pararectal fossae
Catheter in cervical canal

Vaginal speculumUC P
C

VS

Uterine cavities
Cervical canal

KEY for D:
Uterine tubes
Isthmus of uterine tubes

1 and 2
E

F
I

UC

P

P

c

vs

B. Hysterosalpingogram of Normal Uterus, Anteroposterior View

D. Hysterosalpingogram of Bicornate Uterus, Anteroposterior View

Left cervix Right cervix

Left uterus Right uterus

Septum

C. Posterior View

Inferior View

Fundus

Uterine cavity

Internal ostium

Cervical canal

External ostium

Fornix of vagina

Cervix

Isthmus

Body

A. Coronal Section

Uterine tube

Vagina

I
I

3.75 RADIOGRAPH OF UTERUS AND UTERINE TUBES (HYSTEROSALPINGOGRAM)

A. Coronal section of uterus. B. During hysterosalpingography, radiopaque material is injected into the uterus 

through external os of the uterus. If normal, contrast medium travels through the triangular uterine cavity (UC) 

and uterine tubes (arrowheads) and passes into the pararectal fossae ( P ) of the peritoneal cavity. The female 

genital tract is in direct communication with the peritoneal cavity and is, therefore, a potential pathway for the 

spread of an infection from the vagina and uterus. C. Illustration of duplicated uterus. D. Hysterosalpingogram 

of a bicornate (“two-horned”) uterus.
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Intervertebral
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Intervertebral
discs

Intervertebral
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A. Lateral View B. Sagittal MRI
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C. Lateral View
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A. Superior View
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Parts of vertebral arch
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B. Lateral View
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A. Anterior View
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PA Posterior arch of C1
PT Posterior tubercle of C1
SF Superior articular facet of C1
SP Spinous process
T Foramen transversarium
TVP Transverse process 
UV Uncovertebral joint
VC Vertebral canal

A Anterior tubercle of transverse process
AA Anterior arch of C1
AT Anterior tubercle of C1
C1-C7 Vertebrae
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P Posterior tubercle of transverse process
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A. Medial View
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A. Anterior View
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A. Anterior View
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B. Posterior View
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Hip bone, medial view
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Iliacus Psoas
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A. Inferior View

Atlas

B. Lateral View
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A. Posterior View
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358 SYSTEMIC OVERVIEW OF LOWER LIMB: BONES
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A. Anterior View B. Posterior View

Sacrum

5.1 REGIONS, BONES, AND MAJOR JOINTS OF LOWER LIMB

The hip bones meet anteriorly at the pubic symphysis and articulate with the sacrum posteriorly. The 

femur articulates with the hip bone proximally and the tibia distally. The tibia and fi bula are the bones of 

the leg that join the foot at the ankle.
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SYSTEMIC OVERVIEW OF LOWER LIMB: BONES
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5.2 FEATURES OF BONES OF LOWER LIMB

The foot is in full plantar fl exion. The hip joint is disarticulated in B to demonstrate the acetabulum of the 

hip bone and the entire head of the femur.
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360 SYSTEMIC OVERVIEW OF LOWER LIMB: BONES
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5.3 POSTNATAL LOWER LIMB DEVELOPMENT

A. Bones of lower limb at birth. The hip bone can be divided into three primary 

parts: ilium, ischium, and pubis. The diaphyses ( bodies ) of the long bones are 

well ossifi ed. Some epiphyses (growth plates ) and tarsal bones have begun 

to ossify, including the distal epiphysis of the femur and proximal epiphysis of 

the tibia, calcaneus, talus, and cuboid. B. and D. Anteroposterior radiographs 

of postmortem specimens of newborns show the bony (white ) and cartilagi-

nous (gray  ) components of the femur and hip bone. C. Epiphyses at proximal 

end of femur. The epiphysis of the head of the femur begins to ossify during 

the 1st year, that of the greater trochanter before the 5th year, and that of the 

lesser trochanter before the 14th year. These usually fuse completely with the 

body (shaft ) before the end of the 18th year.

Dislocated epiphysis of femoral head. In older children and ado-
lescents (10 to 17 years of age ), the epiphysis of the femoral head may 
slip away from the femoral neck because of weakness of the epiphyseal 
plate. This injury may be caused by acute trauma or repetitive microtrau-
mas that place increased shearing stress on the epiphysis, especially with 
 abduction and lateral rotation.
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5.3 POSTNATAL LOWER LIMB DEVELOPMENT (CONTINUED     )

E. Foot of child age 4. F. Foot of child age 10.

• In the foot of the younger child (E ), epiphyses of long bones (tibia, metatar-

sals, and phalanges ) ossify like short bones, with the ossifi cation centers 

being enveloped in cartilage. Ossifi cation has already extended to the sur-

face of the larger tarsal bones.

• In the foot of the older child (F ), ossifi cation has spread to the dorsal and 

plantar surfaces of all tarsal bones in view, and cartilage persists on the 

articular surfaces only.

• The traction epiphysis of the calcaneus for the calcaneal tendon and plan-

tar aponeurosis begins to ossify from the ages of 6 to 10 years.

• The fi rst metatarsal bone is similar to a phalanx in that its epiphysis is 

at the base instead of the head, as in the second and other metatarsal 

bones.

• The tuberosity of the calcaneus and the sesamoid bones of the fi rst and 

the heads of the second to fi fth metatarsals (here the second ) support 

the  longitudinal arch of the foot; the medial part of the longitudinal arch is 

higher and more mobile than the lateral.

Fractures involving epiphysial plates. The primary ossifi cation cen-
ter for the superior end of the tibia appears shortly after birth and joins 
the shaft of the tibia during adolescence (usually 16 to 18 years of age). 
Tibial  fractures in children are more serious if they involve the epiphysial 
plates because continued normal growth of bone may be jeopardized. 
Disruption of the epiphysial plate at the tibial tuberosity may cause infl am-
mation of the tuberosity and chronic recurring pain during adolescence 
 (Osgood-Schlatter disease), especially in young athletes.
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362 SYSTEMIC OVERVIEW OF LOWER LIMB: NERVES
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OVERVIEW OF MOTOR INNERVATION OF LOWER LIMB5.4

Agur_Chap05.indd   362Agur_Chap05.indd   362 11/15/2011   11:01:11 AM11/15/2011   11:01:11 AM



363
Lower Limb

SYSTEMIC OVERVIEW OF LOWER LIMB: NERVES

TABLE 5.1 MOTOR NERVES OF LOWER LIMB

Nerve Origin Course Distribution

Femoral

Lumbar plexus (L2–L4)

Passes deep to midpoint of inguinal ligament, lateral to femoral 
vessels, dividing into muscular and cutaneous branches in femoral 
triangle

Anterior thigh muscles

Obturator Traverses lesser pelvis to enter thigh via obturator foramen and then 
divides; its anterior branch descends between adductor longus and 
adductor brevis; its posterior branch descends between adductor 
brevis and adductor magnus

Anterior branch: adductor longus, adductor brevis, 
gracilis, and pectineus; Posterior branch: obturator 
externus and adductor magnus

Sciatic Sacral plexus (L4–S3) Enters gluteal region through greater sciatic foramen, usually  passing 
inferior to piriformis, descends in posterior compartment of thigh, 
bifurcating at apex of popliteal fossa into tibial and common fi bular 
(peroneal) nerves

Muscles of posterior thigh, leg and sole and dorsum 
of foot

Tibial

Sciatic nerve

Terminal branch of sciatic nerve arising at apex of popliteal fossa; 
descends through popliteal fossa with popliteal vessels, continuing 
in deep posterior compartment of leg with posterior tibial vessels; 
bifurcates into medial and lateral plantar nerves

Hamstring muscles of posterior compartment of thigh, 
muscles of posterior compartment of leg, and sole of 
foot

Common fi bular (peroneal) Terminal branch of sciatic nerve arising at apex of popliteal fossa; 
follows medial border of biceps femoris and its tendon to wind 
around neck of fi bula deep to fi bularis longus, where it bifurcates into 
 superfi cial and deep fi bular nerves

Short head of biceps femoris, muscles of anterior and 
lateral compartments of leg, and dorsum of foot

Superfi cial fi bular (peroneal)

Common fi bular nerve

Arises deep to fi bularis longus on neck of fi bula and descends in 
lateral compartment of the leg; pierces crural fascia in distal third of 
leg to become cutaneous

Muscles of lateral compartment of leg

Deep fi bular (peroneal) Arises deep to fi bularis longus on neck of fi bula; passes through 
extensor digitorum longus into anterior compartment, descending on 
interosseous membrane; crosses ankle joint and enters dorsum of foot

Muscles of anterior compartment of leg and dorsum 
of foot

Agur_Chap05.indd   363Agur_Chap05.indd   363 11/15/2011   11:01:13 AM11/15/2011   11:01:13 AM



364 SYSTEMIC OVERVIEW OF LOWER LIMB: NERVES

Lateral cutaneous branch of
subcostal nerve (T12)

Femoral branch

Genitofemoral
nerve

Genital branch

Ilioinguinal nerve

Cutaneous branch
of obturator nerve

Anterior cutaneous
branches of femoral
nerve (lateral group)

Saphenous nerve
(from femoral nerve)

Deep fibular
(peroneal) nerve

Lateral dorsal cutaneous nerve of
foot (termination of sural nerve)

Superficial fibular (peroneal) nerve
becoming dorsal digital nerves

Lateral sural cutaneous
nerve (from common

fibular nerve)

Infrapatellar branch
of saphenous nerve

Lateral cutaneous
nerve of thigh,

anterior branches

L1

L3
L2

Superior
clunial nerves

(posterior rami) Lateral cutaneous branch
of iliohypogastric nerve

Lateral cutaneous
nerve of thigh
(posterior branches)

Lateral cutaneous
nerve of thigh
(continuation of
anterior branches)

Posterior cutaneous nerve
of thigh

Lateral sural cutaneous nerve
(from common fibular nerve)

Medial sural cutaneous
nerve (from tibial nerve)

Communicating branch of
lateral sural cutaneous nerve

Lateral plantar nerve

Sural nerve

Medial plantar nerve

Medial calcaneal branches
of tibial nerve

Saphenous nerve
(from femoral nerve)

Anterior cutaneous
branches of femoral
nerve (medial group)

Cutaneous branches
of obturator nerve

Medial
clunial nerves

(posterior rami)

S1

S3
S2

A. Anterior View B. Posterior View 

Inferior clunial nerves
(branches of posterior
cutaneous nerve of
thigh)

CUTANEOUS NERVES OF LOWER LIMB

Cutaneous nerves in the subcutaneous tissue supply the skin of the lower limb. The cutaneous innervation 

of the lower limb refl ects both the original segmental innervation of the skin via separate spinal nerves in its 

 dermatomal pattern (Fig. 5.8 ) and the result of plexus formation of segmental peripheral nerves. In B, the 

medial sural cutaneous nerve (sural is Latin for calf  ) is joined between the popliteal fossa and posterior aspect 

of the ankle by a communicating branch of the lateral sural cutaneous nerve to form the sural nerve. The level 

of the junction is variable and is low in this specimen.

5.5
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TABLE 5.2 CUTANEOUS NERVES OF LOWER LIMB

Nerve Origin (Contributing Spinal Nerves) Course Distribution to Skin of Lower Limb

Subcostal (lateral cutaneous branch) T12 anterior ramus Descends over iliac crest Hip region inferior to anterior part of iliac crest and 
anterior to greater trochanter

Iliohypogastric Lumbar plexus (L1; occasionally T12) Parallels iliac crest Lateral cutaneous branch supplies  superolateral 
quadrant of buttock

Ilio-inguinal Lumbar plexus (L1; occasionally T12) Passes through inguinal canal Inguinal fold; femoral branch  supplies skin over 
medial femoral triangle

Genitofemoral Lumbar plexus (L1–L2) Descends anterior surface of psoas major Femoral branch supplies skin over lateral part of 
femoral triangle; genital branch supplies anterior 
scrotumor labia majora

Lateral cutaneous nerve of thigh Lumbar plexus (L2–L3) Passes deep to inguinal ligament, 2–3 cm medial 
to anterior superior iliac spine

Skin on anterior and lateral aspects of thigh

Anterior cutaneous branches Lumbar plexus via femoral nerve (L2–L4) Arise in femoral triangle; pierce fascia lata along 
the path of sartorius muscle

Skin of anterior and medial aspects of thigh

Cutaneous branch of obturator nerve Lumbar plexus via obturator nerve (L2–L4) Following its descent between adductors longus 
and brevis, obturator nerve pierces fascia lata to 
reach the skin of thigh

Skin of middle part of medial thigh

Posterior cutaneous nerve of thigh Sacral plexus (S1–S3) Enters gluteal region via greater sciatic foramen 
deep to gluteus maximus; then descends deep to 
fascia lata; terminal branches pierce fascia lata

Supply skin of posterior thigh and popliteal fossa

Saphenous nerve Lumbar plexus via femoral nerve (L3–L4) Traverses adductor canal but does not pass 
through adductor hiatus

Skin on medial side of leg and foot

Superfi cial fi bular nerve Common fi bular nerve (L4–S1) After supplying fi bular muscles, perforates deep 
fascia of leg

Skin of anterolateral leg and dorsum of foot

Deep fi bular nerve Common fi bular nerve (L5) After supplying muscles on dorsum of foot, 
pierces deep fascia superior to heads of 1st and 
2nd metatarsals

Skin of web between great and 2nd toes

Sural nerve Tibial and common fi bular nerves (S1–S2) Medial sural cutaneous branch of tibial nerve and 
lateral sural cutaneous branch of common fi bular 
nerve merge at varying levels on posterior leg

Skin of posterolateral leg and lateral margin of foot

Medial plantar nerve Tibial nerve (L4–L5) Passes between fi rst and second layers of plantar 
muscles

Skin of medial side of sole, and plantar aspect, 
sides, and nail beds of medial 3½ toes

Lateral plantar nerve Tibial nerve (S1–S2) Passes between fi rst and second layers of plantar 
muscles

Skin of lateral sole, and plantar aspect, sides, and 
nail beds of lateral 1½ toes

Calcaneal nerves Tibial and sural nerves (S1–S2) Branches over calcaneal tuberosity Skin of heel

Superior clunial nerves L1–L3 posterior rami Course laterally/inferiorly in subcutaneous tissue Skin overlying superior and central parts of 
buttock

Medial clunial nerves S1–S3 posterior rami From dorsal sacral foramina; enter overlying 
subcutaneous tissue

Skin of medial buttock and intergluteal cleft

Inferior clunial nerves Posterior cutaneous nerve of 
thigh (S2-S3)

Arise deep to gluteus maximus; emerge from 
beneath inferior border of muscle

Skin of inferior buttock (overlying gluteal fold)
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TABLE 5.3 NERVE LESIONS

Nerve Injury Injury Description Impairments Clinical Aspects

Femoral nerve Trauma at femoral triangle
Pelvic fracture

Flexion of thigh is weakened
Extension of leg is lost
Sensory loss on anterior thigh and medial leg

Loss of knee jerk refl ex
Anesthesia on anterior thigh

Obturator nerve Anterior hip dislocation
Radical retropubic prostatectomy

Adduction of thigh is lost
Sensory loss on medial thigh

Superior gluteal nerve Surgery
Posterior hip dislocation
Poliomyelitis

Gluteus medius and minimus function is lost
Ability to pull contralateral pelvis up to level and  abduction 
of thigh are lost

Gluteus medius limp or “waddling gait”
Positive Trendelenburg sign

Inferior gluteal nerve Surgery
Posterior hip dislocation

Gluteus maximus function is lost
Ability to rise from a seated position, climb stairs or 
incline, or jump is lost

Patient will lean the body trunk backward at heel strike

Common fi bular nerve Blow to lateral aspect of leg
Fracture of neck of fi bula

Eversion of foot is lost
Dorsifl exion of foot is lost
Extension of toes is lost
Sensory loss on anterolateral leg and dorsum of foot

Patient will present with foot plantar fl exed (“foot drop”) 
and inverted
Patient cannot stand on heels
“Foot slap”

Tibial nerve at popliteal fossa Trauma at popliteal fossa Inversion of foot is weakened
Plantar fl exion of foot is lost
Sensory loss on sole of foot

Patient will present with foot dorsifl exed and everted
Patient cannot stand on toes
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TABLE 5.4 NERVE ROOT (ANTERIOR RAMUS) LESIONS

Compressed Nerve Root Dermatome Affected Muscles Affected Movement Weakness/Defi cit Nerve and Refl ex Involved

L4 L4: medial surface of leg; big toe Quadriceps Extension of knee Femoral nerve
Ø Knee jerk

L5 L5: lateral surface of leg; dorsum of foot Tibialis anterior
Extensor hallucis longus
Extensor digitorum longus

Dorsifl exion of ankle (patient 
cannot stand on heels)
Extension of toes

Common fi bular nerve
No refl ex loss

S1 S1: posterior surface of lower limb; little toe Gastrocnemius
Soleus

Plantar fl exion of ankle (patient 
cannot stand on toes)
Flexion of toes

Tibial nerve
Ø Ankle jerk

5.6 MYOTOMES AND DEEP TENDON REFLEXES

A. Myotomes. Somatic motor (general somatic efferent) fi bers transmit 

impulses to skeletal (voluntary) muscles. The unilateral muscle mass receiv-

ing innervation from the somatic motor fi bers conveyed by a single spi-

nal nerve is a myotome. Each skeletal muscle is usually innervated by the 

somatic motor fi bers of several spinal nerves; therefore, the muscle myotome 

will consist of several segments. The muscle myotomes have been grouped 

by joint  movement to facilitate clinical testing.

B. Myotactic (deep tendon) refl exes. A myotatic (stretch) refl ex is an 

involuntary contraction of a muscle in response to being stretched. Deep 

tendon refl exes (e.g., “knee jerk”) are monosynaptic stretch refl exes that 

are elicited by briskly tapping the tendon with a refl ex hammer. Each ten-

don refl ex is mediated by specifi c spinal nerves. Stretch refl exes control 

muscle tone (e.g., in antigravity, muscles that keep the body upright against 

gravity).

Anterior View

Anterior View

Medial View

L5, S1

L5, S1

L1, L2, L3

L1, 
L2,
L3,
L4

Lateral rotation
(hip)

Adduction
(hip)

Medial rotation
(hip)

Abduction
(hip)

Lateral View
S1, S2

L4, L5
L2, L3

L5, S1
L3, L4

L4, L5

Flexion
(hip)

Extension (knee)

Dorsiflexion (ankle)

Plantarflexion (ankle)

Extension
(hip)

Flexion
(knee)

Eversion
(foot)

L5, S1

Inversion
(foot)
L4, L5

Subtalar Inversion and Eversion

Metatarsophalangeal
and phalangeal

Extension (toes)
L5, S1

Flexion (toes)
S1, S2

Myotatic (Deep Tendon) Refl ex Spinal Cord Segments

Quadriceps (knee joint) L3/L4

Calcaneal (Achilles; ankle jerk) S1/S2
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C4

C5

C6

C7

C8

T1
T2

T7
T8
T9

T10
T11

T12

L1

L2

L3

L4

L5

S1

L2

L3
L4

L5
S1
S2
S3
S4

Segments:

D Pronation
of leg

B

C

Upper limb bud
(C5–T1 segments) 

Lower limb bud
(L2–S2 segments)

A

Anterior (Ventral) Views 

5 weeks

6 weeks

7 weeks

8 weeks

Flexion
at elbow

Flexion
at knee

Torsion of
shoulder
and arm

Torsion of
hip and
thigh

5.7 ROTATION OF LIMBS DURING DEVELOPMENT; EFFECT ON LOWER LIMB DERMATOME PATTERN

A. During early development, the trunk is divided into segments (metameres ) 

that correspond to, and receive innervation from, the corresponding spinal 

cord segments. During the 4th week of development, the upper limb buds 

appear as elevations of the C5 to T1 segments of the ventrolateral body wall. 

Following the cranial-to-caudal pattern of development the lower limb buds 

appear about a week later (5th week ). The lower limb buds grow laterally 

from broader bases formed by the L2 to S2 segments.

B. The distal ends of the limb buds fl atten into paddlelike hand plates 

and foot plates that are elongated in the craniocaudal axis. Initially, both the 

thumb and the great toe are on the cranial sides of the developing hand 

and foot, directed superiorly, with the palms and soles directed anteriorly. 

Where gaps develop between the precursors of the long bones (future elbow 

and knee joints ), fl exures occur. At fi rst, the limbs bend anteriorly, so that 

the elbow and knee are directed laterally, causing the palm and sole to be 

directed medially (toward the trunk ).

C. By the end of the 7th week, the proximal parts of the upper and lower 

limbs undergo a 90-degree torsion around their long axes, but in opposite 

directions, so that the elbow becomes directed caudally and posteriorly and 

the knee cranially and anteriorly.

D. In the lower limb, the torsion of the proximal limb is accompanied 

by a permanent pronation (twisting ) of the leg, so that the foot becomes 

oriented with the great toe on the medial side.
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S3

S3

S3

S3

S4

S4

S4

S5
S5

L5

L5

L5

L5

L5

L5

L5

C1

C1

L1
L1

T12
T12

T11 T11

T10 T10

L1

S1

S1

S1
S1

S1

S1

S2S2

S2

S2

S2

S2

S2

L2

L2

L2

L2

L3

L3

L3

L3

L3

L4

L4

L4

L4

L4L4

A. Anterior View C. Anterior ViewB. Posterior View D. Posterior View

Axial line

Axial line

DERMATOMES OF LOWER LIMB

The dermatomal, or segmental, pattern of distribution of sensory nerve fi bers persists despite the merging of 

spinal nerves in plexus formation during development. Two different dermatome maps are commonly used. 

A. and B. The dermatome pattern of the lower limb according to Foerster (1933 ) is preferred by many because 

of its correlation with clinical fi ndings. C. and D. The dermatome pattern of the lower limb according to Keegan 

and Garrett (1948 ) is preferred by others for its aesthetic uniformity and obvious correlation with development. 

Although depicted as distinct zones, adjacent dermatomes overlap considerably, except along the axial line.

5.8
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External iliac artery
Aorta

Common iliac artery
Internal iliac artery

Inferior epigastric artery

External pudendal artery

Obturator artery

Medial circumflex femoral artery

Femoral artery

Descending genicular artery

Superior medial
genicular artery

Inferior medial genicular artery

Anterior tibial recurrent artery

Anterior tibial artery

Medial malleolar artery

Dorsal artery of foot
(dorsalis pedis artery)

Medial tarsal artery

Deep plantar artery
1st dorsal metatarsal arteryDorsal digital arteries

Arcuate artery

Lateral tarsal artery

Lateral malleolar artery

Perforating branch of fibular
(peroneal) artery

Popliteal artery

Inferior lateral genicular artery

Superior lateral genicular artery

Descending branch

Perforating arteries

Lateral circumflex
femoral artery

Profunda femoris artery
(deep artery of thigh)

Superficial circumflex iliac artery

Deep circumflex iliac artery
Superior gluteal artery

Lateral circumflex
femoral artery

Perforating arteries

Superior lateral genicular artery

Popliteal artery

Inferior lateral genicular artery

Anterior tibial artery

Fibular (peroneal) artery

Perforating branch

Lateral plantar artery

Plantar arch

Plantar metatarsal artery

Plantar digital arteries

Deep plantar artery

Medial plantar artery

Posterior tibial artery

Inferior medial genicular artery

Superior medial genicular artery

Hiatus in adductor magnus

Femoral artery

Profunda femoris artery
(deep artery of thigh)

Medial circumflex femoral artery

Inferior gluteal artery

A. Anterior View B. Posterior View

Geniculate anastomosis

Plantar anastomosis

Plantar anastomosis

Geniculate anastomosis

Cruciate anastomosis

OVERVIEW OF ARTERIES OF LOWER LIMB

The arteries often anastomose or communicate to form networks to ensure blood supply distal to the joint 

throughout the range of movement (cruciate, geniculate and plantar anastomoses ). If a main channel is 
slowly occluded, the smaller alternate channels can usually increase in size, providing a collateral 

circulation that ensures the blood supply to structures distal to the blockage.

5.9
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External iliac vein
Common iliac vein

Inferior vena cava

Internal iliac vein

Obturator vein

Profunda femoris vein
(deep vein of thigh)

Perforating veins

Descending genicular vein

Medial superior genicular vein

Medial inferior genicular vein
Lateral inferior genicular vein

Lateral superior genicular vein

Deep circumflex  iliac vein

Inferior epigastric vein

Medial circumflex femoral vein

Lateral circumflex femoral vein

Great saphenous vein

Dorsal venous arch

Anterior tibial veins

Superior gluteal vein

Internal pudendal vein

Inferior gluteal vein

Profunda femoris vein
(deep vein of thigh)

Femoral vein

Popliteal vein

Medial inferior genicular vein

Fibular (peroneal) vein

Plantar venous arch

Lateral superior genicular vein

Lateral inferior genicular vein

Circumflex fibular vein

Posterior tibial veins

Plantar digital veins

Descending genicular vein

Femoral vein

B. Posterior ViewA. Anterior View

Accompanying veins
(L. venae comitantes)

Artery
Vascular
sheathC.

DEEP VEINS OF LOWER LIMB

A. and B. Deep veins lie internal to the deep fascia. Although only the anterior and posterior tibial veins are 

depicted as paired structures in this schematic illustration, typically in the limbs deep veins occur as multiple, 

generally parallel, continually interanastomosing accompanying veins (L., venae comitantes ) surrounding and 

sharing the name of the artery they accompany. C. Accompanying veins.

5.10
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Sites where perforating
veins penetrate deep fascia

Femoral vein

Superficial
epigastric vein

Superficial external
pudendal vein

Great saphenous vein

Medial cutaneous
vein of thigh

Medial malleolus
Great saphenous vein

Lateral cutaneous
vein of thigh

Superficial
circumflex iliac vein

Great
saphenous

vein

Small
saphenous
vein

Small
saphenous

vein

Lateral malleolus

Dorsal venous arch

Common dorsal digital veins

Small (short)
saphenous vein

A. Anteromedial View

B. Posterior View C. Lateral View

Site of saphenous
cutdown

5.11 SUPERFICIAL VEINS OF LOWER LIMB

Blood is continuously shunted from the superfi cial veins in the subcutaneous tissue to deep 

veins via the perforating veins. Vein grafts obtained by surgically harvesting parts of the 
great saphenous vein are used to bypass obstructions in blood vessels (e.g., a coronary 
artery). When used as a bypass, the vein is reversed so that the valves do not obstruct 
blood fl ow. Because there are so many anastomosing leg veins, removal of the great 
saphenous vein rarely affects circulation seriously, provided the deep veins are intact.

Saphenous cut down. The great saphenous vein can be located by making a skin 
incision anterior to the medial malleolus. This procedure is used to insert a cannula for 
prolonged administration of blood, electrolytes, drugs etc.
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Great saphenous vein

Popliteal vein

Posterior tibial vein
Perforating veins

Fibular vein

Patella

Medial malleolus

Plantar vein

B. Medial View, Varicose Veins

Great saphenous vein

Patella

Great saphenous vein

Great saphenous vein

Medial malleolus

Dorsal venous arch

C. Anteromedial View, Normal Veins

A. Medial View

5.12 DRAINAGE AND SURFACE ANATOMY OF SUPERFICIAL VEINS OF LOWER LIMB

A. Schematic diagram of drainage of superfi cial veins. Blood is shunted from 

the superfi cial veins (e.g., great saphenous vein ) to the deep veins (e.g., 

fi bular and posterior tibial veins ) via perforating veins that penetrate the deep 

fascia. Muscular compression of deep veins assists return of blood to the 

heart against gravity. B. Varicose veins form when either the deep fascia 

or the valves of the perforating veins are incompetent. This allows the 
muscular compression that normally propels blood toward the heart to 
push blood from the deep to the superfi cial veins. Consequently, superfi -
cial veins become enlarged and tortuous. C. Normal veins, distended fol-

lowing exercise.
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Superficial inguinal lymph nodes
(superior group)

Superficial inguinal lymph nodes
(inferior group)

Great saphenous vein

Deep inguinal
lymph nodes

Great saphenous vein

Superficial lymphatic vessels

Popliteal vein

Small saphenous vein

Popliteal lymph nodes
(superficial nodes)

Great
saphenous

vein

Medial border
of patella

Femoral vein

A. Anteromedial View

B. Anteromedial View

C. Posterior View

Medial
malleolus

SUPERFICIAL LYMPHATIC DRAINAGE OF LOWER LIMB

The superfi cial lymphatic vessels converge on and accompany the saphenous veins and their tributaries in 

the superfi cial fascia. The lymphatic vessels along the great saphenous vein drain into the superfi cial inguinal 

lymph nodes; those along the small saphenous vein drain into the popliteal lymph nodes. Lymph from the 

superfi cial inguinal nodes drains to the deep inguinal and external iliac nodes. Lymph from the popliteal nodes 

ascends through deep lymphatic vessels accompanying the deep blood vessels to the deep inguinal nodes. In 

B, note that the great saphenous vein lies anterior to the medial malleolus and a hand’s breadth posterior to the 

medial border of the patella. Lymph nodes enlarge when diseased. Abrasions and minor sepsis, caused 
by pathogenic micro-organisms or their toxins in the blood or other tissues, may produce slight enlarge-
ment of the superfi cial inguinal nodes (lymphadenopathy) in otherwise healthy people. Malignancies (e.g., 
of the external genitalia and uterus) and perineal abscesses also result in enlargement of these nodes.

5.13
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Great saphenous vein

Superficial inguinal lymph nodes
(superolateral nodes)

Superficial inguinal
lymph nodes
(inferior nodes)

Spermatic cord

Deep inguinal node

A. Anterior View

B. Anteroposterior View

Superficial inguinal lymph nodes
(superomedial nodes)

Superficial lymphatic
vessels

External iliac nodes

Inguinal ligament

Lymphatic
vessles

Inguinal
lymph nodes

INGUINAL LYMPH NODES

A. Dissection. B. Lymphangiogram.

• Observe the arrangement of the nodes: a proximal chain 

parallel to the inguinal ligament (superolateral and supero-

medial superfi cial inguinal lymph nodes ) and a distal chain 

on the sides of the great saphenous vein (inferior superfi cial 

inguinal lymph nodes ). Efferent vessels leave these nodes 

and pass deep to the inguinal ligament to enter the deep 

inguinal and external iliac nodes. Some of the lymphatic 

vessels traverse the femoral canal, and others ascend 

alongside the femoral artery and vein, some inside the 

 femoral sheath, and some outside it.

• Note the anastomosis between the lymph vessels.

5.14
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Anterior superior iliac spine
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(crural fascia)
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B. Lateral View

A. Anterior View

Dorsal fascia
of foot

FASCIA AND MUSCULOFASCIAL COMPARTMENTS OF LOWER LIMB

A. Anterior skin and subcutaneous tissue have been removed to reveal the deep fascia of the thigh (fascia lata ) 

and leg (crural fascia ). B. Lateral skin and subcutaneous tissue have been removed to reveal the fascia lata. 

The fascia lata is thick laterally and forms the iliotibial tract. The iliotibial tract serves as a common aponeurosis 

for the gluteus maximus and tensor fasciae latae muscles.

One of the most common causes of lateral knee pain in endurance athletes (e.g., runners, cyclers, 
hikers ) is iliotibial tract (band) syndrome (ITBS). Friction of the IT tract against the lateral epicondyle 
of the femur with fl exion and extension of the knee (e.g., during running) may result in the infl ammation 
of the IT tract over the lateral aspect of the knee or its attachment to the dorsolateral tubercle (Gerdy 
tubercle ). ITBS may also occur in the hip region, especially in older individuals.

5.15
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SYSTEMIC OVERVIEW OF LOWER LIMB: MUSCULOFASCIAL COMPARTMENTS

FASCIA AND MUSCULOFASCIAL COMPARTMENTS OF LOWER LIMB (CONTINUED   )

C. and D. The fascial compartments of the thigh (C) and leg (D) are demonstrated in transverse section. The 

fascial compartments contain muscles that generally perform common functions and share common innervation, 

and contain the spread of infection. While both thigh and leg have anterior and posterior compartments, the thigh 

also includes a medial compartment and the leg a lateral compartment. Trauma to muscles and/or vessels in 
the compartments may produce hemorrhage, edema, and infl ammation of the muscles. Because the septa, 
deep fascia, and bony attachments fi rmly bound the compartments, increased volume resulting from these 
processes raises intracompartmental pressure. In compartment syndromes, structures within or distal to 
the compressed area become ischemic and may become permanently injured (e.g., compression of capil-
lary beds results in denervation and consequent paralysis of muscles). A fasciotomy (incision of bounding 
fascia or septum) may be performed to relieve the pressure in the compartment and restore circulation.

5.15

C. Anterosuperior View
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Great saphenous vein

Superficial circumflex iliac artery and vein

Subcutaneous tissue (superficial fascia)

Superficial epigastric artery and vein

Superficial external pudendal artery and vein

Fascia lata

Femoral sheath

Inguinal ligament

Ilioinguinal
nerve

Superficial inguinal nodes

Femoral branch of
genitofemoral nerve

Superficial epigastric
artery

Great saphenous
vein

Edge of saphenous
opening

A

B C

Great saphenous vein 

Femoral vein
Valve cusp

Femoral artery
Edge of saphenous opening

MEDIALLATERAL

INFERIOR

SUPERIOR

Cribiform fascia

Fascia lata (deep
fascia of thigh)

SUPERFICIAL INGUINAL VESSELS AND SAPHENOUS OPENING

A. Superfi cial inguinal vessels. The arteries are branches of the femoral artery, and the veins are tributaries of 

the great saphenous vein. B. Valves of the proximal part of femoral and great saphenous veins. C. Saphenous 

opening.

5.16
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RETRO-INGUINAL PASSAGE AND FEMORAL TRIANGLE

Anterior superior iliac spine
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Lateral cutaneous nerve of thigh

Genitofemoral nerve

Femoral nerve
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Femoral sheath
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Femoral nerve
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Femoral artery
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5.17 FEMORAL SHEATH AND INGUINAL LIGAMENT

A. Dissection. B. Schematic illustration. The femoral sheath contains the 

femoral artery, vein, and lymph vessels, but the femoral nerve, lying posterior 

to the iliacus fascia, is outside the femoral sheath. C. Femoral sheath and 

femoral ring. The three compartments of the femoral sheath are the lateral 

for the femoral artery; intermediate for the femoral vein; and medial for the 

femoral canal. The base of the femoral canal is formed by the small (about 

1  cm wide) proximal opening at its abdominal end, the femoral ring. This 

opening is closed by extraperitoneal fatty tissue.
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5.18 STRUCTURES PASSING TO/FROM FEMORAL TRIANGLE VIA RETRO-INGUINAL PASSAGE

A. Dissection. The boundaries of the femoral triangle are the inguinal liga-

ment superiorly (base of triangle), the medial border of the sartorius (lateral 

side), and the lateral border of the adductor longus (medial side). The point 

at which the lateral and medial sides converge inferiorly forms the apex. The 

femoral triangle is bisected by the femoral vessels. B. Retro-inguinal  passage 

between the inguinal ligament anteriorly and the bony pelvis posteriorly. C. The 

iliopsoas muscle, the femoral nerve, artery, and vein, and the  lymphatic ves-

sels draining the inguinal nodes pass deep to the inguinal ligament to enter 

the anterior thigh or return to the trunk. Three potential sites for hernia 

formation are indicated. Pulsations of the femoral artery can be felt 
distal to the inguinal ligament, midway between the anterior superior iliac 
spine and the pubic tubercle.

RETRO-INGUINAL PASSAGE AND FEMORAL TRIANGLE
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B. Superior View
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Gracilis
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Sartorius
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A. Anterior View 

FLOOR OF FEMORAL CANAL AND RETRO-INGUINAL PASSAGE

A. Dissection. Portions of the sartorius muscle, femoral vessels, and femoral nerve have been removed  revealing 

the fl oor of the femoral triangle, formed by the iliopsoas laterally and the pectineus medially. At the apex of the 

triangle the femoral vessels, saphenous nerve, and the nerve to the vastus medialis pass deep to the sartorius 

into the adductor (subsartorial) canal. B. Transverse section of the femoral triangle at the level of head of femur. 

(Level of section is indicated in Fig. 5.18 C.) The iliopsoas and femoral nerve traverse the retro-inguinal pas-

sage and femoral triangle in a fascial sheath separate from the femoral vessels, which are contained within the 

femoral sheath. C. Schematic illustration of course of femoral vessels. The adductor canal extends from the 

apex of the femoral triangle to the adductor hiatus, by which the vessels enter and leave the popliteal fossa.

5.19
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Sartorius

Rectus femoris

Vastus intermedius

Adductor longus

Vastus lateralis

Vastus medialis

Patella

A. Anterior View B. Anteromedial View

Patellar ligament

SURFACE ANATOMY OF ANTERIOR AND MEDIAL ASPECTS OF THIGH

Patellar tendinitis (  jumper’s knee) is caused by continuous overloading of the knee extensor mecha-
nism, resulting in microtears of the tendon. The most vulnerable site is where the patellar ligament 
(tendon) attaches to the patella. This overuse injury can result in degeneration and tearing of the tendon.

5.20
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ANTERIOR AND MEDIAL COMPARTMENTS OF THIGH
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Adductor brevis

Pectineus
(distal end)

Adductor longus
(proximal end)
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Adductor magnus

Vastus medialis

Sartorius
(distal end)

Medial meniscus

Sartorius tendon
Patellar ligament

Rectus femoris
(distal end)

Vastus lateralis

Vastus intermedius

Iliotibial tract

Gluteus minimus

Rectus femoris
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ANTERIOR AND MEDIAL THIGH MUSCLES, SUPERFICIAL AND DEEP 
DISSECTIONS

A. Superfi cial dissection. B. Deep dissection. The central portions of the muscle bellies of the sartorius, rectus 

femoris, pectineus, and adductor longus muscles have been removed. Weakness of the vastus medialis or 

vastus lateralis, resulting from arthritis or trauma to the knee joint, for example, can result in abnormal 
patellar movement and loss of joint stability.

5.21
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Anterior Views
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Patella
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ANTERIOR AND MEDIAL THIGH MUSCLES, SCHEMATIC ILLUSTRATIONS

A.–D. Sequential views from superfi cial to deep.

A “hip pointer,” which is a contusion of the iliac crest, usually occurs at its anterior part (e.g., 
where the sartorius attaches to the anterior superior iliac spine). This is one of the most common injuries 
to the hip region, usually occurring in association with collision sports. Contusions cause bleeding from 
ruptured capillaries and infi ltration of blood into the muscles, tendons, and other soft tissues. The term 
hip pointer may also refer to avulsion of bony muscle attachments, for example, of the sartorius or rectus 
femoris from the anterior superior or inferior iliac spines or of the iliopsoas from the lesser trochanter of 
the femur. However, these injuries should be called avulsion fractures.

A person with a paralyzed quadriceps cannot extend the leg against resistance and usually presses 
on the distal end of the thigh during walking to prevent inadvertent fl exion of the knee joint.

5.22
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5.22 ANTERIOR AND MEDIAL THIGH MUSCLES, SCHEMATIC 
ILLUSTRATIONS (CONTINUED)

E. Iliopsoas. F. and G. Attachments of anterior muscles of thigh. H. Posterior attachment of vastus medialis 

and lateralis.
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TABLE 5.5 MUSCLES OF ANTERIOR THIGH

Muscle Proximal Attachmenta Distal Attachmenta Innervationb Main Actions

Iliopsoas

Psoas major Lateral aspects of T12–L5 vertebrae and IV 
discs; transverse processes of all lumbar 
vertebrae

Lesser trochanter of femur Anterior rami of lumbar nerves 
(L1, L2, and L3)

Flexes and stabilizesc hip joint
Iliacus Iliac crest, iliac fossa, ala of sacrum and 

anterior sacro-iliac ligaments
Tendon of psoas major, lesser trochan-
ter, and femur distal to it

Femoral nerve (L2 and L3)

Tensor fasciae latae Anterior superior iliac spine and anterior part 
of iliac crest

Iliotibial tract that attaches to lateral 
condyle of tibia

Superior gluteal (L4 and L5) Abducts, medially rotates, and fl exes 
hip joint; helps to keep knee extended; 
steadies trunk on thigh

Sartorius Anterior superior iliac spine and superior part 
of notch inferior to it

Superior part of medial surface of tibia Femoral nerve (L2 and L3) Flexes, abducts, and laterally rotates hip 
joint; fl exes knee jointd

Quadriceps femoris

Rectus femoris Anterior inferior iliac spine and ilium superior 
to acetabulum

Base of patella and by patellar ligament 
to tibial tuberosity; medial and lateral 
vasti also attach to tibia and patella via 
aponeuroses (medial and lateral patellar 
retinacula)

Femoral nerve (L2, L3, and L4)
Extends knee joint; rectus femoris also 
steadies hip joint and helps iliopsoas to 
fl ex hip joint

Vastus lateralis Greater trochanter and lateral lip of linea 
aspera of femur

Vastus medialis Intertrochanteric line and medial lip of linea 
aspera of femur

Vastus intermedius Anterior and lateral surfaces of body of femur
aSee also Figure 5.22 for muscle attachments.
bNumbers indicate spinal cord segmental innervation of nerves (e.g., L1, L2, and L3 indicate that nerves supplying psoas major are derived from fi rst three lumbar segments of the spinal cord; boldface type [L1, L2] indicates 
main segmental innervation). Damage to one or more of these spinal cord segments or to motor nerve roots arising from these segments results in paralysis of the muscles concerned.
cPsoas major is also a postural muscle that helps control deviation of trunk and is active during standing.
dFour actions of sartorius (L. sartor, tailor) produce the once-common cross-legged sitting position used by tailors—hence the name.

ANTERIOR AND MEDIAL COMPARTMENTS OF THIGH
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5.23 ATTACHMENTS OF MUSCLES OF MEDIAL ASPECT OF THIGH

A. Overview of attachments. B. Pectineus, adductor longus, and gracilis. C. Adductor brevis. D. Adductor magnus.

TABLE 5.6 MUSCLES OF MEDIAL THIGH

Muscle Proximal Attachment Distal Attachmenta Innervationb Main Actions

Pectineus Superior pubic ramus Pectineal line of femur, just inferior to lesser 
trochanter

Femoral nerve (L2 and L3) may 
receive a branch from obturator nerve

Adducts and fl exes hip joint; 
assists with medial rotation of 
hip joint

Adductor longus Body of pubis inferior to pubic crest Middle third of linea aspera of femur Obturator nerve, anterior branch (L2, 
L3, and L4)

Adducts hip joint

Adductor brevis Body of pubis and inferior pubic ramus Pectineal line and proximal part of linea 
aspera of femur

Obturator nerve (L2, L3, and L4) Adducts hip joint and, to some 
extent, fl exes it

Adductor magnus Inferior pubic ramus, ramus of ischium 
(adductor part), and ischial tuberosity

Gluteal tuberosity, linea aspera, medial 
supracondylar line (adductor part), and 
adductor tubercle of femur (hamstring part)

Adductor part: obturator nerve (L2, L3, 
and L4)
Hamstring part: tibial part of sciatic 
nerve (L4)

Adducts hip joint; its adductor 
part also fl exes hip joint, and its 
hamstring part extends it

Gracilis Body of pubis and inferior pubic ramus Superior part of medial surface of tibia Obturator nerve (L2 and L3) Adducts hip joint, fl exes knee 
joint, and helps rotate it medially

Obturator externus Margins of obturator foramen and obturator 
membrane

Trochanteric fossa of femur Obturator nerve (L3 and L4) Laterally rotates hip joint; 
steadies head of femur in 
acetabulum

Collectively, the fi rst fi ve muscles listed are the adductors of the thigh, but their actions are more complex (e.g., they act as fl exors of the hip joint during fl exion of the knee joint and are active during walking).
aSee Figure 5.22 for muscle attachments.
bSee Table 5.1 for explanation of segmental innervation.

ANTERIOR AND MEDIAL COMPARTMENTS OF THIGH

Agur_Chap05.indd   386Agur_Chap05.indd   386 11/15/2011   11:02:22 AM11/15/2011   11:02:22 AM



387
Lower Limb
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5.24 MUSCLES OF MEDIAL ASPECT OF THIGH

A. Dissection. B. Muscular tripod. The sartorius, gracilis, and semitendi-

nosus muscles form an inverted tripod arising from three different com-

ponents of the hip bone. These muscles course within three different 

compartments, perform three different functions, and are innervated by 

three different nerves yet share a common distal attachment. C. Distal 

attachment of sartorius, gracilis, and semitendinosus muscles. All three 

tendons become thin and aponeurotic and are collectively referred to 

as the pes anserinus. The gracilis is a relatively weak member of the 
 adductor group and hence can be removed without noticeable loss of 
its actions on the leg. Surgeons often transplant the gracilis, or part 
of it, with its nerve and blood vessels to replace a damaged muscle in 
the hand, for example.

ANTERIOR AND MEDIAL COMPARTMENTS OF THIGH
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Vein

Anteromedial View

Branches of obturator nerve

Ascending branch of lateral
circumflex femoral artery

5.25 ANTEROMEDIAL ASPECT OF THIGH

• The limb is rotated laterally.

• The femoral nerve breaks up into several nerves on entering the thigh.

• The femoral artery lies between two motor territories: that of the obtura-

tor nerve, which is medial, and that of the femoral nerve, which is lateral. 

No motor nerve crosses anterior to the femoral artery, but the twig to the 

pectineus muscle crosses posterior to the femoral artery.

• The nerve to the vastus medialis muscle and the saphenous nerve accom-

pany the femoral artery into the adductor canal. The saphenous nerve and 

artery and their anastomotic accompanying vein emerge from the canal 

distally between the sartorius and gracilis muscles.

• The profunda femoris artery (deep artery of thigh) is the largest branch of 

the femoral artery and the chief artery to the thigh. It arises from the femoral 

artery in the femoral triangle. In the middle third of the thigh, it is separated 

from the femoral artery and vein by the adductor longus. It gives off three or 

four perforating arteries that wrap around the posterior aspect of the femur 

and supply the adductor magnus, hamstring and vastus lateralis muscles.
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LATERAL THIGH

1

8

2

7

6
3

4

5

A. Lateral View
9

Gluteal fascia (covering
gluteus medius) (1)

Tensor fasciae
latae (8)

Rectus
femoris

Vastus
lateralis (7)

Iliotibial tract (6)

Patellar ligament (5)

Gastrocnemius
(lateral head) (4)

Short head

Biceps
 femoris (3)

Long head

Iliotibial tract

Gluteus
maximus (2)

B. Lateral View
Head of fibula (9)

5.26 LATERAL ASPECT OF THIGH

A. Surface anatomy (numbers refer to structures in B). B. Dissection showing the iliotibial tract, a thickening 

of the fascia lata, which serves as a tendon for the gluteus maximus and tensor fasciae latae. The iliotibial 

tract attaches to the anterolateral (Gerdy) tubercle of the lateral condyle of the tibia. The biceps femoris 

tendon attaches on the head of the fi bula.
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390 BONES AND MUSCLE ATTACHMENTS OF THIGH

Ligamentous attachment

Proximal muscular attachment

Distal muscular attachment

Key for B

Iliac fossa

Iliopubic eminence
Superior ramus of pubis

Pubic tubercle

Pubic crest

Pecten pubis

Body of pubis

Medial epicondyle

Medial femoral condyle

Medial and lateral tibial condyles

Tuberosity

Adductor tubercle

TibiaFibula

Head

Apex of head

Lateral femoral condyle

Neck

Patella

Lateral epicondyle

Femur

Lesser trochanter

Intertrochanteric
line

Greater trochanter

Head of femur

Anterior inferior iliac spine

Anterior superior iliac spine

Tuberculum of iliac crest

Iliac crest

Rim of acetabulum
Pubic symphysis

Obturator foramen
Ramus of
ischium

Inferior
ramus

of pubis

Ischiopubic ramus

Iliacus

Pectineus
Adductor longus

Gracilis

Obturator
externus

Adductor
brevis

Adductor magnus

Adductor magnus

Patellar ligament
Biceps femoris

Iliotibial tract

Aricularis genu

Vastus intermedius

Vastus medialis

Iliopsoas

Vastus lateralis

Gluteus minimus

Rectus femoris

Sartorius

A. Anterior View

B. Anterior View

Ischial
tuberosity

BONES OF THE THIGH AND PROXIMAL LEG

A. Bony features. B. Muscle attachment sites.

5.27
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BONES AND MUSCLE ATTACHMENTS OF THIGH

Proximal muscular attachment

Distal muscular attachment

Key for D

Ligamentous attachment

Posterior superior iliac spine

Ilium

Iliac crest

Tuberculum (tubercle)
of iliac crest

Neck of femur

Greater trochanter

Intertrochanteric crest

Lesser trochanter

Gluteal tuberosity

Femur

Lateral supracondylar line

Popliteal surface

Intercondylar fossa

Lateral femoral condyle

Lateral tibial condyle

Apex of head

Head of fibula

FibulaTibia

Soleal line

Medial tibial condyle

Medial femoral condyle

Adductor tubercle

Medial supracondylar line

Linea aspera

Spiral line

Pectineal line

Ischial tuberosity

Lesser sciatic notch

Ischial spine

Greater sciatic notch

Posterior inferior iliac spine

Neck

Posterior gluteal line

Inferior gluteal line

Ischium

Gluteus maximus

Gluteus medius

Gluteus minimus

Tensor fasciae latae

Sartorius

Rectus femoris

Gluteus medius

Quadratus femoris

Vastus lateralis

Gluteus maximus

Adductor magnus

Adductor brevis

Vastus intermedius

Vastus lateralis

Biceps femoris, short head

Plantaris

Gastrocnemius,
lateral head

Soleus
Popliteus

Semimembranosus

Gastrocnemius,
medial head

Adductor magnus

Vastus medialis

Adductor longus

Pectineus

Iliopsoas

Adductor magnus

Semitendinosus
Biceps femoris, long head

Gemelli

Semimembranosus

Anterior gluteal line

C. Posterior View

D. Posterior View

Iliotibial tract

BONES OF THE THIGH AND PROXIMAL LEG 
(CONTINUED  )

C. Bony features. D. Muscle attachment sites.

5.27
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392 GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH

Sciatic nerve

Common fibular 
(peroneal) nerve

Tibial nerve

6

1
5

4

2
3

A. Posterior View

7

Adductor magnus

Gluteus medius (7)

Gluteus maximus (6)

Iliotibial tract (5)

Long head of
biceps femoris

Short head
of biceps femoris

Biceps femoris (4)

Tibial nerve

Plantaris

Common
fibular nerve

Gastrocnemius,
lateral head (3)

Gastrocnemius,
medial head (2)

Gracilis

Semimembranosus (1)

Semitendinosus

B. Posterior View

5.28 MUSCLES OF THE GLUTEAL REGION AND POSTERIOR THIGH I

A. Surface anatomy (numbers refer to structures in B). B. Superfi cial dissection of muscles of gluteal region 

and posterior thigh (hamstring muscles consisting of semimembranosus, semitendinosus, and biceps femo-

ris). Hamstring strains (pulled and/or torn hamstrings) are common in running, jumping, and quick-
start sports. The muscular exertion required to excel in these sports may tear part of the proximal 
attachments of the hamstrings from the ischial tuberosity.
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GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH

5.28 MUSCLES OF GLUTEAL REGION AND POSTERIOR THIGH (CONTINUED) II AND III

C. Muscles of gluteal region and posterior thigh with gluteus maximus 

refl ected. D. Adductor magnus muscle. The adductor magnus has two parts: 

one belongs to the adductor group, innervated by the obturator nerve and 

the other to the hamstring group, innervated by the tibial portion of the sci-

atic nerve. The trochanteric bursa separates the superior fi bers of the glu-

teus maximus from the greater trochanter of the femur and the ischial bursa 

separates the inferior part of the gluteus maximus from the ischial tuberosity. 

Diffuse deep pain in the lateral thigh region (e.g., during stair climbing) 
may be caused by trochanteric bursitis. It is characterized by point ten-
derness over the greater trochanter, with pain radiating along the iliotibial 
tract. Ischial bursitis results from excessive friction between the ischial 
bursae and ischial tuberosities (e.g., as from cycling).

Gluteus medius

Piriformis

Obturator internus

Gluteus maximus

Iliotibial tract

Plantaris

Popliteus

Soleus

Gastrocnemius, lateral head
Gastrocnemius, medial head

Biceps femoris

Semitendinosus

Semimembranosus

Ha
m

st
rin

gs

Sciatic nerve

Adductor magnus

Quadratus femoris

Oblique popliteal ligament

Superior gemellus

Inferior gemellus

Piriformis

Gluteus minimus

Tensor fasciae latae

Gluteus medius (cut)

Quadratus
femoris

Gluteus maximus

Iliotibial tract

Biceps femoris,
short head

Biceps femoris
 long head (cut)

Plantaris

Popliteus

Soleus

Oblique popliteal ligament

Semimembranosus

Adductor tubercle

Vastus medialis

Popliteal vein

Adductor
magnus

Hamstring muscles (cut)

Ischial tuberosity
(location of ischial bursa)

Obturator internus

Superior gemellus

Inferior gemellus

C. Posterior View D. Posterior View

Greater trochanter
(location of
trochanteric bursa) 

Popliteal artery

Bellies of gastrocnemius
(cut)

Adductor
part

Hamstring
part
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Gluteus 
maximus

Gluteus 
medius

Gluteus
minimus

Superficial

B. Posterolateral Views

A. Anterior View

Posterior View

Intermediate

Deep

Patella

C. Lateral View

Iliotibial
tract

Gluteal
tuberosity

Fascia lata

Tensor
fasciae latae

Iliac crest
Iliac
tuberculum

Anterolateral
condyle of tibia

Gemelli

Tensor
fasciae latae

Quadratus
femoris

Gluteus maximus
Gluteus medius

Gluteus minimus

Gluteus
medius
and
minimus

Gluteus
maximus

Piriformis
Obturator
internus
and
gemelli

Gluteus
minimus

Gluteus 
maximus

5.29 MUSCLES OF GLUTEAL REGION

A. Attachments. B. Relationship of gluteal muscles. C. Gluteus maximus and tensor fasciae latae.

TABLE 5.7 MUSCLES OF GLUTEAL REGION
Muscle Proximal Attachmenta (Red   ) Distal Attachmenta (Blue) Innervationb Main Actions

Gluteus maximus Ilium posterior to posterior gluteal line, 
dorsal surface of sacrum and coccyx, 
sacrotuberous ligament

Iliotibial tract that inserts into lateral 
condyle of tibia; some fi bers to gluteal 
tuberosity

Inferior gluteal nerve (L5, 
S1, S2)

Extends hip joint and assists in lateral 
 rotation; steadies thigh and assists in 
 raising trunk from fl exed position

Gluteus medius External surface of ilium between anterior 
and posterior gluteal lines; gluteal fascia

Lateral surface of greater trochanter of 
femur

Superior gluteal nerve (L5, S1)

Abducts and medially rotates hip jointc; 
keeps pelvis level when opposite leg is off 
ground and advances pelvis during swing 
phase of gait; TFL also contributes to 
stability of extended knee

Gluteus minimus External surface of ilium between anterior 
and inferior gluteal lines

Anterior surface of greater trochanter 
of femur

Tensor fasciae 
latae (TFL)

Anterior superior iliac spine and iliac crest Iliotibial tract that attaches to lateral 
condyle (Gerdy tubercle) of tibia

Piriformis Anterior surface of sacrum and 
 sacrotuberous ligament

Superior border of greater trochanter of 
femur

Anterior rami of S1 and S2 

Laterally rotate extended hip joint and 
abduct fl exed hip joint; steady femoral 
head in acetabulum

Obturator internus Pelvic surface of obturator membrane and 
surrounding bones

Medial surface of greater trochanter of 
femur by common tendons

Nerve to obturator internus 
(L5, S1)Superior gemellus Ischial spine

Inferior gemellus Ischial tuberosity

Quadratus femoris Lateral border of ischial tuberosity Quadrate tubercle on intertrochanteric 
crest of femur

Nerve to quadratus femoris 
(L5, S1)

Laterally rotates hip joint,d steadies femoral 
head in acetabulum

aSee Figure 5.22 for muscle attachments.
bSee Table 5.1 for explanation of segmental innervation.
cGuteus medius and minimus: anterior fi bers medially rotate hip joint and posterior fi bers laterally rotate hip joint.
d There are six lateral rotators of the hip joint: piriformis, obturator internus, gemelli (superior and inferior), quadratus femoris, and obturator externus. These muscles also stabilize the hip joint.

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Semimembranosus

Gluteus medius

Gluteus maximus

Iliotibial tract

Semitendinosus

Biceps femoris

Oblique popliteal
ligament

Gluteus medius

Piriformis

Superior gemellus
Obturator internus
Inferior gemellus

Quadratus femoris

Adductor magnus

Semimembranosus

Short head

Long head

Biceps
femoris

Semimembranosus

Gluteus minimus

Piriformis

Superior gemellus

Tendon of
obturator internus

Inferior gemellus

Adductor magnus

Short head

Long head

Biceps
femoris

Adductor hiatus

Posterior Views

Biceps
femoris
short head

Biceps
femoris

Semimembranosus

Semitendinosus

Biceps femoris
long head

Semimembranosus

Biceps
femoris

Semi-
tendinosus

Anterior View

A B C D

5.30 MUSCLES OF POSTERIOR THIGH

A. Attachments. B. Superfi cial layer. C. Intermediate layer. D. Deep layer.

TABLE 5.8 MUSCLES OF POSTERIOR THIGH (HAMSTRING)

Musclea Proximal Attachmenta (Red   ) Distal Attachmenta (Blue) Innervationb Main Actions

Semitendinosus

Ischial tuberosity

Medial surface of superior part of tibia
Tibial division of sciatic nerve (L5, 
S1, and S2)

Extend hip joint; fl ex knee joint and 
rotate it medially; when hip and knee 
joints are fl exed, can extend trunkSemimembranosus Posterior part of medial condyle of tibia; 

refl ected attachment forms oblique popliteal 
ligament to lateral femoral condyle

Biceps femoris Long head: ischial tuberosity;
Short head: linea aspera and lateral 
supracondylar line of femur

Lateral side of head of fi bula; tendon is split at 
this site by fi bular collateral ligament of knee

Long head: tibial division of sciatic 
nerve (L5, S1, and S2);
Short head: common fi bular 
(peroneal) division of sciatic nerve 
(L5, S1, and S2)

Flexes knee joint and rotates it 
laterally; extends hip joint (e.g., when 
initiating a walking gait)

aSee Figure 5.22 for muscle attachments.
bSee Table 5.1 for explanation of segmental innervation.

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Superior gluteal artery

Gluteus maximus

Obturator internus 

Branch of medial circumflex
femoral artery

Gluteofemoral bursa

Adductor magnus

1st perforating artery

2nd perforating artery

Biceps femoris, short head

Nerve to
Semimembranosus

Semitendinosus
Adductor magnus

Semitendinosus

Semimembranosus

Biceps femoris, long head

Branch of medial circumflex 
femoral artery

Posterior cutaneous
 nerve of thigh

Sacrotuberous ligament

Nerve to obturator internus

Internal pudendal artery

Inferior gluteal artery and nerve

Piriformis

Trochanteric bursa 

Pudendal nerve

Gluteus medius

Quadratus femoris

Sciatic nerve

Iliac crest

Right sciatic
nerve

Safe area (green)

Gluteus maximus

Gluteus medius

Posterior superior iliac spine

Piriformis

Supratrochanteric plane

Greater
trochanter
of femur

B. Posterior View, Intragluteal Injection 

Inferior gemellus

Superior gemellus

A. Posterior View

5.31 MUSCLES OF GLUTEAL REGION AND POSTERIOR 
THIGH IV

A. Dissection. The gluteus maximus muscle is split superiorly and inferiorly, 

and the middle part is excised; two cubes remain to identify its nerve. The 

gluteus maximus is the only muscle to cover the greater trochanter; it is apo-

neurotic and has underlying bursae where it glides on the trochanter (trochan-

teric bursa ) and the aponeurosis of the vastus lateralis muscle (gluteofemoral 

bursa  ). B. Intragluteal injection. Injections can be made safely only into 
the superolateral part of the buttock to avoid injury to the sciatic and glu-
teal nerves. This site has a rich vascular network from the superior gluteal 
vessels that lie between the gluteus medius and minimus muscles.

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Posterior superior iliac spine

Gluteus minimus

Gluteus medius

Inferior gemellus

Obturator externus tendon

Medial circumflex femoral artery

Gluteus maximus

Posterior cutaneous nerve
of thigh

1st perforating artery

Intermuscular septum

2nd perforating artery

Biceps femoris, short head

Biceps femoris, long head

Semitendinosus

Semimembranosus

Gracilis

Adductor magnus

Semimembranosus

Semitendinosus
Biceps femoris, long head

Posterior cutaneous
nerve of thigh

Inferior gluteal nerve and artery

Tip of coccyx

Nerve to obturator internus

Internal pudendal artery

Sacrotuberous ligament

Superior gluteal artery and nerve

Pudendal nerve

Sciatic nerve

Piriformis

Superior gemellus

Obturator internus tendon

Greater trochanter

Quadratus femoris

A. Posterior View

Iliotibial
tract

Abductors
(Gluteus medius, minimus, and
tensor fasciae latae)

 Posterior Views
B C

Sciatic nerve

Iliotibial tract

MUSCLES OF GLUTEAL REGION AND POSTERIOR THIGH V

A. The proximal three quarters of the gluteus maximus muscle is refl ected, and parts 

of the gluteus medius and the three hamstring muscles are excised. The superior 

gluteal vessels and nerves emerge superior to the piriformis muscle; all other ves-

sels and nerves emerge inferior to it. B. When the weight is borne by one limb, the 
muscles on the supported side fi x the pelvis so that it does not sag to the unsup-
ported side, keeping the pelvis level. C. When the right abductors are paralyzed, 
owing to a lesion of the right superior gluteal nerve, fi xation by these muscles is 
lost and the pelvis tilts to the unsupported left side (positive Trendelenburg sign).

5.32

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Iliac crest

Ilium

Posterior

Anterior
Gluteal
lines

Inferior

Joint capsule of hip joint

Greater trochanter

Lesser trochanter

Ischial tuberosity

Sacrotuberous ligament

Lesser sciatic foramen

Sacrospinous ligament

Greater sciatic foramen

Posterior inferior iliac spine

Long

Posterior
sacro-iliac
ligaments

Short

Posterior superior iliac spine
(PSIS)

Piriformis

Ischial spine

Quadratus femoris

Sciatic nerve

Tibial
division (T)

Piriformis (P)

Fibular
division (F)

Sciatic nerve

F

T

P P F

T

A. Posterior View 

B. Posterior Views

5.33 LATERAL ROTATORS OF HIP, SCIATIC NERVE, AND LIGAMENTS OF GLUTEAL REGION

A. Piriformis and quadratus femoris. In the anatomical position the tip of the 

coccyx lies superior to the level of the ischial tuberosity and inferior to that of 

the ischial spine. The lateral border of the sciatic nerve lies midway between 

the lateral surface of the greater trochanter and the medial surface of the 

ischial tuberosity.

B. Relationship of sciatic nerve to piriformis muscle. Of 640 limbs studied 

in Dr. Grant’s laboratory, in 87%, the tibial and fi bular (peroneal ) divisions 

passed inferior to the piriformis (left    ); in 12.2%, the fi bular (peroneal ) division 

passed through the piriformis (center   ); and in 0.5% the fi bular (peroneal ) 

division passed superior to the piriformis (right    ).

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Ischial
tuberosity

Iliac crest

Ilium

Greater sciatic foramen

Ischium

Capsule of hip joint

Piriformis

Piriformis

Obturator internus
and gemelli

Obturator
externus

Superior gemellus*

Inferior gemellus*

Obturator externus

Obturator internus*

Lesser
trochanter

Sacrospinous ligament

Sacrotuberous
ligament

C. Posterior View

Greater trochanter

Posterior inferior iliac spine (PIIS)

* Triceps coxae

Posterior superior
iliac spine (PSIS)

D. Posteromedial View

5.33 LATERAL ROTATORS OF HIP, SCIATIC NERVE, AND LIGAMENTS OF GLUTEAL REGION (CONTINUED   )

C. Obturator internus, obturator externus, and superior and inferior gemelli.

• The obturator internus is located partly in the pelvis, where it covers 

most of the lateral wall of the lesser pelvis. It leaves the pelvis through 

the lesser sciatic foramen, makes a right-angle turn, becomes tendinous, 

and receives the distal attachments of the gemelli before attaching to the 

medial surface of the greater trochanter (trochanteric fossa ).

• The obturator externus extends from the external surface of the obturator 

membrane and surrounding bone of the pelvis to the posterior aspect of 

the greater trochanter, passing directly under the acetabulum and neck of 

the femur.

• Sciatic nerve block. Sensation conveyed by the sciatic nerve can be 
blocked by injecting an anesthetic agent a few centimeters inferior to 
the midpoint of the line joining the PSIS and the superior border of the 
greater trochanter. Paresthesia radiates to the foot because of anes-
thesia of the plantar nerves, which are terminal branches of the tibial 
nerve derived from the sciatic nerve.

• Common fibular nerve compression at piriformis. In the approx-
imately 12% of people in whom the common fibular division of 
the sciatic nerve passes through the piriformis, this muscle may 
compress the nerve.

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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L1

L2

L3

L4

L5

S1

S2

S3

S4

Superior clunial nerves Lumbar plexus (L1-L4)

Sacral plexus (L4-S4)

Nerve to quadratus femoris

Nerve to obturator internus

Middle clunial nerves

Inferior clunial nerves

Superior gluteal nerve

Inferior gluteal nerve

Posterior cutaneous
nerve of the thigh

Pudendal nerve

Sciatic
nerve

Common fibular nerve

Tibial nerve

Perineal branch

Posterior View

TABLE 5.9 NERVES OF GLUTEAL REGION

Nerve Origin Course Distribution in Gluteal Region

Clunial (superior, middle, 
and inferior)

Superior: posterior rami of L1–L3 nerves
Middle: posterior rami of S1–S3 nerves
Inferior: posterior cutaneous nerve of thigh

Superior nerves cross iliac crest; middle nerves exit through 
posterior sacral foramina and enter gluteal region; inferior 
nerves curve around inferior border of gluteus maximus

Gluteal region as far laterally as greater 
trochanter

Sciatic Sacral plexus (L4–S3) Exits pelvis via greater sciatic foramen inferior to piriformis 
to enter gluteal region

No muscles in gluteal region

Posterior cutaneous nerve 
of thigh

Sacral plexus (S1–S3) Exits pelvis via greater sciatic foramen inferior to piriformis, 
emerges from inferior border of gluteus maximus coursing 
deep to fascia lata

Skin of buttock via inferior cluneal branches, 
skin over posterior thigh and popliteal fossa; 
skin of lateral perineum and upper medial 
thigh via perineal branch

Superior gluteal Anterior rami of L4–S1 nerves Exits pelvis via greater sciatic foramen superior to piriformis; 
courses between gluteus medius and minimus

Gluteus medius, gluteus minimus, and TFL

Inferior gluteal Anterior rami of L5–S2 nerves Exits pelvis via greater sciatic foramen inferior to piriformis, 
dividing into multiple branches

Gluteus maximus

Nerve to quadratus femoris Anterior rami of L4–S1 nerves Exits pelvis via greater sciatic foramen deep to sciatic nerve Posterior hip joint, inferior gemellus, and 
quadratus femoris

Pudendal Anterior rami of S2–S4 nerves Exits pelvis via greater sciatic foramen inferior to pirifor-
mis; descends posterior to sacrospinous ligament; enters 
perineum (pudendal canal) through lesser sciatic foramen

No structures in gluteal region (supplies most 
of perineum)

Nerve to obturator internus Anterior rami of L5–S2 nerves Exits pelvis via greater sciatic foramen inferior to piriformis; 
descends posterior to ischial spine; enters lesser sciatic 
 foramen and passes to obturator internus

Superior gemellus and obturator internus

NERVES OF GLUTEAL REGION5.34

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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*
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femoral
arteries

Gluteus maximus

Medial
branch

1st

2nd

3rd
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Obturator externus
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artery (deep artery

of thigh)

Femoral artery

Popliteal artery

Anterior
Posterior Tibial arteries

Sciatic nerve

Common
fibular nerve

* Cruciate
   anastomosis

A. Posterior View B. Posterior View

ARTERIES OF GLUTEAL REGION AND POSTERIOR THIGH5.35

TABLE 5.10 ARTERIES OF GLUTEAL REGION AND POSTERIOR THIGH

Artery Origin Course Distribution

Superior gluteal 

Internal iliac

Enters gluteal region through greater sciatic foramen superior to 
piriformis; divides into superfi cial and deep branches; anastomoses 
with inferior gluteal and medial circumfl ex femoral arteries

Superfi cial branch: superior gluteus maximus
Deep branch: runs between gluteus medius and 
minimus, supplying both and tensor fasciae latae

Inferior gluteal Enters gluteal region through greater sciatic foramen inferior to 
piriformis; descends on medial side of sciatic nerve; anastomoses 
with superior gluteal artery and participates in cruciate anastomosis 
of thigh

Inferior gluteus maximus, obturator internus, 
quadratus femoris, and superior parts of ham-
string muscles

Internal pudendal Enters gluteal region through greater sciatic foramen; descends 
posterior to ischial spine; exits gluteal region via lesser sciatic fora-
men to perineum

No structures in gluteal region (supplies external 
genitalia and muscles in perineal region)

Perforating arteries Perforate aponeurotic portion of adductor magnus attachment and 
medial intermuscular septum to enter and supply muscular branches 
to posterior compartment; then pierce lateral intermuscular septum to 
enter posterolateral aspect of anterior compartment

Hamstring muscles in posterior compartment; 
posterior portion of vastus lateralis in anterior 
compartment; femur (via femoral nutrient arter-
ies); reinforce arterial supply of sciatic nerve

Lateral circumfl ex femoral
Profunda femoris (may arise 
from femoral)

Passes laterally deep to sartorius and rectus femoris; enter gluteal 
region

Anterior part of gluteal region

Medial circumfl ex femoral Passes medially and posteriorly between pectineus and iliopsoas; 
enters gluteal region

Supplies most blood to head and neck of femur; 
hip region

GLUTEAL REGION AND POSTERIOR COMPARTMENT OF THIGH
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Ligamentous attachment

Proximal muscular attachment

Distal muscular attachment

Key for B

Acetabular labrum

Head of femur

Pectineus
Pectineal fascia

Pectineal ligament

Pubic tubercle

Obturator externus

Lesser trochanter

Intertrochanteric line

Greater trochanter

Iliofemoral ligament

Rectus femoris

Anterior inferior iliac spine

Anterior superior iliac spine

Anterior branch 

Posterior branch

Piriformis

Obturator internus and gemelli

Gluteus minimus

Vastus lateralis

Fovea (pit)
for ligament
of head of
femur

Iliofemoral ligament

Iliopsoas

Obturator nerve

A. Anterior View

B. Anterior View

5.36 HIP JOINT

A. Iliofemoral ligament. B. Muscle attachments of anterior aspect of the 

proximal femur. In A:

• The head of the femur is exposed just medial to the iliofemoral ligament 

and faces superiorly, medially, and anteriorly. At the site of the subtendi-

nous bursa of psoas, the capsule is weak or (as in this specimen) partially 

defi cient, but it is guarded by the psoas tendon.

• The iliofemoral ligament, shaped like an inverted “Y.” Superiorly it is 

attached deep to the rectus femoris muscle; the ligament becomes tight 

on medial rotation of the femur.

• The pectineus muscle is thin, and its fascia blends with the pectineal 

ligament.
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HIP JOINT

Sacrospinous ligament 

Rectus femoris, reflected head

Iliofemoral ligament

Ischiofemoral ligament

Greater trochanter

Orbicular zone

Neck of femur

Synovial protrusion

Psoas
major

Obturator
internus

bursa

Obturator internus
tendon (cut and

reflected medially)
Lesser trochanter

Sacrotuberous ligament

Ischial spine

Groove for
obturator externus

Iliopsoas

Position of free edge
of joint capsule

Gluteus medius

Vastus lateralis

Quadratus femoris

Adductor magnus

C.Posterior View

D. Posterior View

5.36 HIP JOINT (CONTINUED   )

C. Ischiofemoral ligament. D. Muscle attachments onto the posterior aspect 

of proximal femur. In C:

• The fi bers of the capsule spiral to become taut during extension and 

medial rotation of the femur.

• The synovial membrane protrudes inferior to the fi brous capsule and forms 

a bursa for the tendon of the obturator externus muscle. Note the large 

subtendinous bursa of the obturator internus at the lesser sciatic notch, 

where the tendon turns 90 degrees to attach to the greater trochanter.
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Lunate (articular)
surface

Anterior superior iliac spine

Anterior inferior iliac spine

Rectus femoris

Iliofemoral ligament

Acetabular labrumTransverse acetabular
ligament

Obturator crest

Ischial
tuberosity

Ligament of head
of femur

Synovial membrane
lining acetabular fossa

Gluteus minimus

Superior pubic ramus

Obturator membrane

Lunate surface

Rectus femoris

Iliofemoral ligament

Pectineus

Adductor longus

Gracilis

Adductor brevis

Adductor magnus

Obturator externus
Adductor magnus

Quadratus femoris

Semitendinosus

Biceps femoris, long head

Semimembranosus

Acetabular notch

Acetabular fossa

Acetabular margin

Acetabulum

B. Lateral View 

A. Anterolateral View

Obturator artery

5.37 ACETABULAR REGION

A. Dissection of acetabulum. B. Muscle attachments of acetabular region.

In A:

• The transverse acetabular ligament bridges the acetabular notch.

• The acetabular labrum is attached to the acetabular rim and transverse 

acetabular ligament and forms a complete ring around the head of the 

femur.

• The ligament of the head of the femur lies between the head of the femur 

and the acetabulum. These fi bers are attached superiorly to the pit (fovea) 

on the head of the femur and inferiorly to the transverse acetabular liga-

ment and the margins of the acetabular notch. The artery of the ligament 

of the head of the femur passes through the acetabular notch and into the 

ligament of the head of the femur.

HIP JOINT
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Anterior gluteal line
Iliac crest

Anterior superior iliac spine

Inferior gluteal line

Anterior inferior iliac spine

Lunate surface

Acetabulum

Acetabular notch

Pubic tubercle

Inferior pubic ramus*

Obturator 
foramen

Ramus of ischium*
Ischial tuberosity

Body of ischium

Lesser sciatic notch

Ischial spine

Greater sciatic notch

Posterior inferior iliac spine

Posterior superior iliac spine

Posterior gluteal line

Acetabular fossa

Site of triradiate cartilage

Ilium

Pubis

Ischium

A. Lateral View

B. Lateral View

*Ischiopubic ramus

5.38 HIP BONE

A. Features of the lateral aspect. In the anatomical position, the anterior superior iliac spine and pubic tubercle 

are in the same coronal plane, and the ischial spine and superior end of the pubic symphysis are in the same 

horizontal plane; the internal aspect of the body of the pubis faces superiorly, and the acetabulum faces 

inferolaterally. B. Hip bone in youth. The three parts of the hip bone (ilium, ischium, and pubis ) meet in the 

acetabulum at the triradiate synchondrosis. One or more primary centers of ossifi cation appear in the triradi-

ate cartilage at approximately the 12th year. Secondary centers of ossifi cation appear along the length of the 

iliac crest, at the anterior inferior iliac spine, the ischial tuberosity, and the pubic symphysis at about puberty; 

fusion is usually complete by age 23.

HIP JOINT
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A. Anteroposterior View

C. Hip Prosthesis

Fibrous layer of joint capsule

Ilium

Articular cartilage
on lunate surface

Acetabular fossa

Ligament of
head of femur

Transverse acetabular
ligament

Synovial membrane (purple)

Retinacula

Retinacula

Orbicular zone

Acetabular labrum

B. Coronal Section

Trabeculae

RADIOGRAPH AND CORONAL SECTION OF HIP JOINT

A. Radiograph. On the femur, note the greater (G   ) and lesser (L ) trochanters, the intertrochanteric 

crest (  I     ), and the pit or fovea (F    ) for the ligament of the head. On the pelvis, note the roof (A ) and 

posterior rim (P    ) of the acetabulum and the “teardrop” appearance (T    ) caused by the superimpo-

sition of structures at the inferior margin of the acetabulum. B. Coronal section. Observe the bony 

trabeculae projecting into the head of the femur. The ligament of the head of the femur becomes 

taut during adduction of the hip joint, such as when crossing the legs. C. Hip replacement.  
The hip joint is subject to severe traumatic injury and degenerative disease. Osteoarthritis 

of the hip joint, characterized by pain, edema, limitation of motion, and erosion of articu-
lar cartilage, is a common cause of disability. During hip replacement, a metal prosthesis 
anchored to the femur by bone cement replaces the femoral head and neck. A plastic socket 
is cemented to the hip bone to replace the acetabulum. See Figure 5.41 clinical blue text.

5.39

HIP JOINT
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Femoral artery (2)

Femoral nerve (3)

Iliopsoas and its fascia (4)

Sartorius (5)

Rectus femoris (6)

Tensor fasciae latae (7)

Iliofemoral ligament (8)

Gluteus medius (9)

Iliotibial tract

Greater trochanter (10)

Superior gemellus

Gluteus maximus (11)

Sciatic nerve (12)

Inferior gluteal
vessels

Pudendal nerve
Internal pudendal

vessels

Obturator internus
and fascia (13)

Ligament of head of femur

Obturator vessels
and nerve (15)

Pectineus and fascia (1)

Lacunar ligament

Spermatic cord

Fat and lymph node at femoral canal
Femoral vein (2)

Posterior cutaneous nerve of thigh

Head of femur (14)

A. Transverse Section,
      Inferior View

Subtendinous bursa of
obturator internus

1

2
3

4

5

6

7

8

9

10

11

12

13

14

15

B. Transverse MRI

TRANSVERSE SECTION THROUGH THIGH AT 
LEVEL OF HIP JOINT

A. Transverse section. B. MRI (numbers refer to structures in A). In A:

• The fi brous capsule of the joint is thick where it forms the iliofemoral 

ligament and thin posterior to the subtendinous bursa of psoas and 

tendon.

• The femoral sheath, enclosing the femoral artery, vein, lymph node, 

lymph vessels, and fat, is free, except posteriorly where, between the 

psoas and pectineus muscles, it is attached to the capsule of the hip 

joint.

• The femoral vein is located at the interval between the psoas and 

pectineus muscles. The femoral nerve lies between the iliacus muscle 

and fascia.

5.40

HIP JOINT
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Inguinal ligament

Femoral artery
(cut)

Iliopsoas

Symphysis pubis

Medial circumflex
femoral artery

Profunda femoris artery

Pectineus

Femur

Descending branch

Transverse branch

Ascending branch

Lateral circumflex
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Iliofemoral ligament

Anterior superior
iliac spine

Medullary cavity

Synovial retinacula

Head of femur
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to fovea (pit)  of
head of femur

Ligament of head of femur
containing artery of ligament
of head of femur

Neck
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From lateral circumflex femoral artery

Shaft of femur

From medial circumflex
femoral artery

A. Anterior View

B. Anterior View

C. Postero-inferior View

Adductor longus

Iliopsoas tendon

5.41 BLOOD SUPPLY TO HEAD OF FEMUR

A. Medial and lateral circumfl ex femoral arteries in femoral triangle. 

B. Branches of lateral circumfl ex femoral artery. C. Branches of medial cir-

cumfl ex femoral artery.

• Branches of the medial and lateral circumfl ex femoral arteries ascend on 

the posterosuperior and postero-inferior parts of the neck of the femur. The 

vessels ascend in synovial retinacula—refl ections of synovial membrane 

along the neck of the femur. The retinacula (in B and C ) have been mostly 

removed; thus, the vessels can be clearly visualized.

• The branches of the medial and lateral circumfl ex femoral arteries perfo-

rate the bone just distal to the head of the femur, where they anastomose 

with branches from the artery of the ligament of the head of the femur and 

with medullary branches located within the shaft of the femur.

• The ligament of the head of the femur usually contains the artery of the 

ligament of the head of the femur, a branch of the obturator artery. The 

artery enters the head of the femur only when the center of the ossifi ca-

tion has extended to the pit (fovea ) for the ligament of the head (12th to 

14th year ). When present, this anastomosis persists even in advanced age; 

however, in 20% of persons, it is never established.

Fractures of the femoral neck often disrupt the blood supply to the head 
of the femur. The medial circumfl ex femoral artery supplies most of the 
blood to the head and neck of the femur and is often torn when the femo-
ral neck is fractured. In some cases, the blood supplied by the artery of 
the ligament of the head may be the only blood received by the proximal 
fragment of the femoral head, which may be inadequate. If the blood ves-
sels are ruptured, the fragment of bone may receive no blood and undergo 
aseptic avascular necrosis.

HIP JOINT

Agur_Chap05.indd   408Agur_Chap05.indd   408 11/15/2011   11:04:12 AM11/15/2011   11:04:12 AM



409
Lower Limb

Ilium (coronal section)

Articular cartilage

Acetabular fossa

Obturator artery

Ligament of head of femur
(retracted)

Artery of ligament of
head of femur

Transverse acetabular ligament

Retinaculum

Medial
circumflex

femoral artery

Neck

Synovial membrane
(purple)

Lateral circumflex
      femoral artery

Synovial membrane
Orbicular zone

Fibrous layer
Head

Joint capsule

C. Anterior View
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Acetabular branches

Ligament of head of femur
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B. Lateral View

Transverse acetabular
ligament
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pubis
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Ligament of head of femur
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Joint
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jointA. Anterolateral View

Lateral rotation
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5.42 BLOOD VESSELS OF ACETABULAR FOSSA AND LIGAMENT OF HEAD OF FEMUR

A. Obturator artery. The hip joint has been dislocated to reveal the ligament of the head of the femur. The 

obturator artery divides into anterior and posterior branches, and the acetabular branch arises from the 

posterior branch. The artery of the ligament of the head of the femur is a branch of the acetabular artery and 

can be seen traveling in the ligament to the head of the femur. B. Acetabular artery and vein. The acetabular 

branches (artery and vein ) pass through the acetabular foramen and enter the acetabular fossa, where they 

diverge in the fatty areolar tissue. The branches radiate to the margin of the fossa, where they enter nutrient 

foramina. C. Blood supply of the head and neck of the femur. A section of bone has been removed from the 

femoral neck.

HIP JOINT
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410 KNEE REGION
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Semimembranosus
(1)
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MEDIAL

Biceps femoris
(6)

Tibial nerve

Popliteal vein

Popliteal artery

Common fibular
(peroneal) nerve

Lateral sural
cutaneous nerve

Communicating
fibular (peroneal)
nerve

Gastrocnemius,
lateral head (5)

Soleus (4)

Gastrocnemius,
medial head (3)

Medial sural
cutaneous nerve

Small
saphenous vein

Semitendinosus
(2)

Gracilis

Sartorius

Branch
communicating

with inferior
gluteal vein

B. Posterior View

5.43 POPLITEAL FOSSA

A. Surface anatomy (numbers refer to structures in B). B. Superfi cial dissection.

• The two heads of the gastrocnemius muscle are embraced on the medial side by the semimembranosus 

muscle, which is overlaid by the semitendinosus muscle, and on the lateral side by the biceps femoris 

muscle.

• The small saphenous vein runs between the two heads of the gastrocnemius muscle. Deep to this vein is 

the medial sural cutaneous nerve, which, followed proximally, leads to the tibial nerve. The tibial nerve is 

superfi cial to the popliteal vein, which, in turn, is superfi cial to the popliteal artery.

Because the popliteal artery is deep in the popliteal fossa, it may be diffi cult to feel the popliteal pulse. 

Palpation of this pulse is commonly performed by placing the person in the prone position with the knee 
fl exed to relax the popliteal fascia and hamstrings. The pulsations are best felt in the inferior part of the 
fossa. Weakening or loss of the popliteal pulse is a sign of femoral artery obstruction.
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KNEE REGION

Gracilis

LATERALMEDIAL

Biceps femoris

Common fibular (peroneal) nerve

Sural nerve

Nerve to Gastrocnemius, lateral head
Soleus

Plantaris

Nerve to popliteus

Gastrocnemius, lateral headGastrocnemius, medial head

Soleus

Plantaris tendon

Popliteus

Nerve to gastrocnemius, 
medial head

Tibial nerve

Semimembranosus

Semitendinosus

Posterior View

Medial sural cutaneous nerve Sural communicating branch

5.44 NERVES OF POPLITEAL FOSSA

The two heads of the gastrocnemius muscle are separated. A cutaneous branch of the tibial nerve joins a 

cutaneous branch of the common fi bular (peroneal ) nerve to form the sural nerve. In this specimen, the junc-

tion is high; usually it is 5 to 8 cm proximal to the ankle.

All motor branches in this region emerge from the tibial nerve, one branch from its medial side and the 

others from its lateral side; hence, it is safer to dissect on the medial side.
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Gracilis

Biceps femoris, long head

Biceps femoris, short head

Lateral intermuscular septum

Common fibular (peroneal) nerve

Biceps femoris

Femur

Superior lateral genicular artery

Gastrocnemius, lateral head

LATERAL

Plantaris

Inferior lateral genicular artery

Popliteus
 

Nerve to popliteus

Soleus

Plantaris

Gastrocnemius

Popliteus fascia

Inferior medial genicular artery

Gastrocnemius,
medial head

Semimembranosus bursa

MEDIAL

Semimembranosus

Semitendinosus

Superior medial genicular artery

Tibial nerve

Semimembranosus

Semitendinosus

Popliteal vein

Popliteal artery

Posterior View

5.45 DEEP DISSECTION OF POPLITEAL FOSSA

The common fi bular (peroneal ) nerve follows the posterior border of the 

biceps femoris muscle and, in this specimen, gives off two cutaneous 

branches. The popliteal artery lies on the fl oor of the popliteal fossa. The fl oor 

is formed by the femur, capsule of the knee joint, and popliteus muscle and 

fascia. The popliteal artery gives off genicular branches that also lie on the 

fl oor of the fossa. A popliteal aneurysm (abnormal dilation of all or part 
of the popliteal artery) usually causes edema (swelling) and pain in the 
popliteal fossa. If the femoral artery has to be ligated, blood can bypass 
the occlusion through the genicular anastomosis and reach the popliteal 
artery distal to the ligation.

KNEE REGION
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Proximal muscular attachment

Distal muscular attachment
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Adductor magnus Plantaris

Gastrocnemius, lateral head
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Semimembranosus via oblique popliteal ligament

Posterior View

5.46 ATTACHMENT OF MUSCLES OF POPLITEAL REGION

Lighter tones are secondary attachments.

KNEE REGION
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Rectus femoris (1)

Sartorius

Vastus medialis (2)

Sartorius tendon

Patellar ligament (3)

Tibial tuberosity (4)

Vastus lateralis (9)

Patella (7)

Biceps femoris (6)

Head of fibula (5)

A. Anterior View

Medial patellar retinaculum

Iliotibial tract (I0)

Lateral patellar retinaculum

5.47 ANTERIOR ASPECT OF KNEE

A. Distal thigh and knee regions. Note that the tendons of the four parts of the quadriceps unite to form the 

quadriceps tendon, a broad band that attaches to the patella. The patellar ligament, a continuation of the 

quadriceps tendon, attaches the patella to the tibial tuberosity. The lateral and medial patellar retinacula, 

formed largely by continuation of the iliotibial tract, and investing fascia of the vasti muscles, maintains 

alignment of the patella and patellar ligament. The retinacula also form the anterolateral and anteromedial 

portions of the fi brous layer of the joint capsule of the knee.

KNEE REGION
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5.47 ANTERIOR ASPECT OF KNEE (CONTINUED    )

B. Surface anatomy (numbers refer to structures in A  ). The femur is placed 

diagonally within the thigh, whereas the tibia is almost vertical within the leg, 

creating an angle at the knee between the long axes of the bones. The angle 
between the two bones, referred to clinically as the Q-angle, is assessed 
by drawing a line from the anterior superior iliac spine to the middle of the 
patella and extrapolating a second (vertical) line passing through the middle 
of the patella and tibial tuberosity. The Q-angle is typically greater in adult 
females, owing to their wider pelves. C. Genu valgum and genu varum. 

A medial angulation of the leg in relation to the thigh, in which the femur 
is abnormally vertical and the Q-angle is small, is a deformity called genu 
varum (bowleg) that causes unequal weight bearing resulting in arthro-
sis (destruction of knee cartilages), and an overstressed fi bular collateral 
ligament. A lateral angulation of the leg (large Q-angle, >17 degrees) in 
relation to the thigh is called genu valgum (knock-knee). This results in 
excess stress and degeneration of the lateral structures of the knee joint.

KNEE REGION
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5.48 FIBROUS LAYER AND SYNOVIAL MEMBRANE OF JOINT CAPSULE

A. Dissection. B. Attachment of the layers of the joint capsule to the tibia. The fi brous layer (blue dotted 

line ) and synovial membrane (red dotted line   ) are adjacent on each side, but they part company centrally to 

accommodate intercondylar and infrapatellar structures that are intracapsular (inside the fi brous layer ) but 

 extra-articular (excluded from the articular cavity by synovial membrane ).

Joint capsule consisting
of patellar retinaculum

Patella

Synovial fold

Tibial collateral ligament (cut)

Medial femoral condyle

Medial meniscus

Articular cartilage of medial tibial plateau

Fibrous layer of joint capsule

Subcutaneous prepatellar bursa (opened)

Patella

Articular cartilage

Synovial fold

Infrapatellar fat pad

Alar fold

Infrapatellar synovial fold

Articular cartilage

Synovial membrane

Iliotibial tract (cut)

Subcutaneous prepatellar bursa 

A. Anterior View

Patellar ligament

Alar folds

Fibrous layer (blue)

Synovial membrane (red)

Lateral patellar retinaculum

Joint capsule

Site of attachment of
anterior cruciate ligament

Site of attachment of
posterior cruciate ligament

Gap in fibrous capsule for popliteus tendon

Anterior intercondylar area

Lateral patellar retinaculum

Infrapatellar synovial fold

Articular surface of medial condyle

Posterior intercondylar area 

POSTERIOR

ANTERIOR
B. Superior View of Superior Articular

Surface of Tibia (Tibial Plateau)

Articular surface of lateral condyle
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Lower Limb

Patellar surface

Groove for medial meniscus

Notch for anterior
cruciate ligament

Posterior cruciate
ligament

Anterior cruciate ligament

Medial meniscus

Coronary ligament (cut edge)

Tibial collateral ligament

Sartorius
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Patellar ligament

Groove for
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ligament
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condyle
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Posterior cruciate ligament
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Medial meniscus

Transverse ligament of kneeLateral meniscus

1

2

3

1

2

3

4

MEDIALLATERAL

Inferior facet

Middle facet

Superior facet

Medial vertical
facet

INFERIOR

SUPERIOR

B. Inferior View

C. Superior View

A. Anterior View

D. Posterior View

5.49 ARTICULAR SURFACES AND LIGAMENTS OF KNEE JOINT

A. Flexed knee joint with patella refl ected. There are indentations on the sides 

of the femoral condyles at the junction of the patellar and tibial articular areas. 

The lateral tibial articular area is shorter than the medial one. The notch at the 

anterolateral part of the intercondylar notch is for the anterior cruciate liga-

ment on full extension. B. Distal femur. C. Tibial plateaus. D. Articular surfaces 

of patella. The three paired facets (superior, middle, and inferior ) on the pos-

terior surface of the patella articulate with the patellar surface of the femur 

successively during (1   ) extension, (2      ) slight fl exion, (3     ) fl exion, and the most 

medial vertical facet on the patella (4    ) articulates during full fl exion with the 

crescentic facet on the medial margin of the intercondylar notch of the femur. 

When the patellar dislocation occurs, it nearly always dislocates laterally. 
The tendency toward lateral dislocation is normally counterbalanced by the 
medial, more horizontal pull of the powerful vastus medialis. In addition, the 
more anterior projection of the lateral femoral condyle and deeper slope for 
the large lateral patellar facet provides a mechanical deterrent to lateral 
dislocation. An imbalance of the lateral pull and the mechanisms resisting 
it result in abnormal tracking of the patella within the patellar groove and 
chronic patellar pain, even if actual dislocation does not occur.

KNEE JOINT
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5.50 LIGAMENTS OF KNEE JOINT

A. Posterior aspect of joint. The bandlike tibial (medial ) collateral ligament is 

attached to the medial meniscus, and the cordlike fi bular (lateral ) collateral 

ligament is separated from the lateral meniscus by the width of the popliteus 

tendon (removed ). The posterior cruciate ligament is joined by a cord from the 

lateral meniscus called the anterior meniscofemoral ligament. The posterior 

meniscofemoral ligament attaches to the medial condyle of the femur just 

posterior to the attachment of the posterior cruciate ligament. B. Anterior cru-

ciate ligament (ACL ). C. Posterior cruciate ligament (PCL ). In each illustration, 

half the femur is sagittally sectioned and removed with the proximal part of 

the corresponding cruciate ligament. Note that the posterior cruciate ligament 

prevents the femur from sliding anteriorly on the tibia, particularly when the 

knee is fl exed. The anterior cruciate ligament prevents the femur from slid-

ing posteriorly on the tibia, preventing hyperextension of the knee, and limits 

medial rotation of the femur when the foot is on the ground (i.e., when the 

leg is fi xed ). Injury to the knee joint is frequently caused by a blow to the 
lateral side of the extended knee or excessive lateral twisting of the fl exed 
knee, which disrupts the tibial collateral ligament and concomitantly tears 
and/or detaches the medial meniscus from the joint capsule. This injury 
is common in athletes who twist their fl exed knees while running (e.g., 
in football and soccer ). The anterior cruciate ligament, which serves as a 
pivot for rotary movements of the knee, is taut during fl exion and may also 
tear subsequent to the rupture of the tibial collateral ligament.

Medial epicondyle Lateral epicondyle

Anterior cruciate ligament (ACL)

Anterior meniscofemoral ligament

Lateral meniscus

Fibular collateral ligament

Head of fibula

Popliteal surface of tibia

Posterior cruciate ligament
(PCL)

Tibial collateral ligament

Medial meniscus

Intercondylar notch

Lateral condyle of femurMedial condyle of femur

Tibia

Femur

Posterior cruciate
ligament

Tibia

Femur

Anterior cruciate
ligament

A. Posterior View

B. Medial View

C. Lateral View

Superior tibiofibular
joint

PCL

ACL

KNEE JOINT

Agur_Chap05.indd   418Agur_Chap05.indd   418 11/15/2011   11:04:57 AM11/15/2011   11:04:57 AM



419
Lower Limb

Anterior cruciate ligament

Anterior intercondylar area

Lateral intercondylar tubercle

Articular surface of lateral condyle

Posterior intercondylar area
Articular surface of medial condyle

Medial intercondylar tubercle

Coronary ligament

Iliotibial tract

Lateral meniscus

Fibular collateral ligament

Popliteus tendon

Posterior meniscofemoral
ligamentPosterior cruciate ligament

Coronary ligament

Bursa in tibial collateral
ligament

Medial meniscus

Patellar ligament

A. Superior View

B. Superior View

Fibula

Medial meniscus

Anterior cruciate ligament

Lateral meniscus

Posterior cruciate ligament

Attachments of:

Normal lateral meniscus Trimming torn lateral meniscus

LM

C. Femoral condyle (F), Tibial plateau (T), Lateral meniscus (LM)

T

F

LM

T

ANTERIOR

POSTERIOR

MEDIAL LATERAL

CRUCIATE LIGAMENTS AND MENISCI

A. Attachments sites on tibia. B. Menisci in situ.

• The lateral tibial condyle is fl atter, shorter from anterior to posterior, 

and more circular. The medial condyle is concave, longer from ante-

rior to posterior, and more oval.

• The menisci conform to the shapes of the surfaces on which they 

rest. Because the horns of the lateral meniscus are attached close 

together and its coronary ligament is slack, this meniscus can slide 

anteriorly and posteriorly on the (fl at ) condyle; because the horns of 

the medial meniscus are attached further apart, its movements on the 

(concave ) condyle are restricted.

Arthroscopy is an endoscopic examination that allows visualization of 
the interior of the knee joint cavity with minimal disruption of tissue. 
The arthroscope and one (or more) additional canula(e) are inserted 
through tiny incisions, known as portals. The second canula is for 
passage of specialized tools (e.g., manipulative probes or forceps) or 
equipment for trimming, shaping, or removing damaged tissue. This 
technique allows removal of torn menisci, loose bodies in the joint 
such as bone chips, and debridement (the excision of devitalized artic-
ular cartilaginous material in advanced cases of arthritis). Ligament 
repair or replacement may also be performed using an arthroscope.

5.51
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Adductor magnus

Medial superior genicular artery

Gastrocnemius

Semimembranosus

Tibial collateral ligament

Coronary ligament (part
of ligament removed)

Medial inferior genicular artery

Gracilis

Semitendinosus

Sartorius

Popliteus fascia

Medial meniscus

Vastus medialis

Adductor magnus

Gastrocnemius

Tibial collateral
ligament

Semimembranosus

Tibial collateral ligament

Semitendinosus

Gracilis
Sartorius

Patellar ligament

Tibial collateral
ligament

Pes
anserinus

A. Medial View

B. Medial View

Pes
anserinus

5.52 MEDIAL ASPECT OF KNEE

A. Dissection. The bandlike part of the tibial collateral ligament attaches to the medial epicondyle of the femur, 

bridges superfi cial to the insertion of the semimembranosus muscle, and crosses the medial inferior genicular 

artery. Distally, the ligament is crossed by the three tendons forming the pes anserinus (sartorius, gracilis, and 

semitendinosus ). B. Bones, showing muscle and ligament attachment sites.

KNEE JOINT
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Lower Limb

Lateral meniscus

Lateral intermuscular septum

Lateral superior genicular artery

Gastrocnemius,
lateral head

Fibular collateral ligament

Popliteus tendon

Lateral inferior genicular artery

Common fibular (peroneal) nerve

Biceps femoris tendon

Iliotibial tract

Vastus lateralis

Popliteus

Iliotibial tract
[attaches to
anterolateral
(Gerdy) tubercle]

Patellar
ligament

Fibular collateral ligament

Biceps femoris

Gastrocnemius

Fibular collateral ligament

A. Lateral View B. Lateral View

5.53 LATERAL ASPECT OF KNEE

A. Dissection. B. Bones, showing muscle and ligament attachments. Three structures arise from the lateral 

epicondyle and are uncovered by refl ecting the biceps muscle: the gastrocnemius muscle is posterosuperior; 

the popliteus muscle is antero-inferior; and the fi bular collateral ligament is in between, crossing superfi cial to 

the popliteus muscle. The lateral inferior genicular artery courses along the lateral meniscus.

KNEE JOINT
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ANTERIOR
Vastus intermedius

Femur

Articularis genu
(articular muscle
of knee)

Adductor magnus

Vastus medialis

Semitendinosus

Patellar retinaculum

Tibial (medial) collateral ligament

Pes anserinus (part)

Quadriceps femoris

Suprapatellar
bursa

Subcutaneous
prepatellar
bursa

Patella

Lateral meniscus

Patellar ligament

Joint capsule of
proximal
tibiofibular joint

Iliotibial tract,
reflected inferiorly

Biceps femoris,
reflected inferiorly

Popliteus

Fibular collateral
ligament

Gastrocnemius
lateral head,

reflected superiorly

Femur

Fibula

Tibia

A. Medial View
B. Lateral View

POSTERIOR
ANTERIOR

Anterior tibial artery

Anterior tibial
recurrent artery

Interosseous ligament

5.54 ARTICULARIS GENU AND BURSAE OF KNEE REGION

A. Articularis genu (articular muscle of the knee ). This muscle lies deep to 

the vastus intermedius muscle and consists of fi bers arising from the anterior 

surface of the femur proximally and attaching into the synovial membrane 

distally. The articularis genu pulls the synovial membrane of the suprapatellar 

bursa (dotted line  ) superiorly during extension of the knee so that it will not 

be caught between the patella and femur within the knee joint. B. Lateral 

aspect of knee. Latex was injected into the articular cavity and fi xed with 

acetic acid. The distended synovial membrane was exposed and cleaned. 

The gastrocnemius muscle was refl ected proximally, and the biceps femoris 

muscle and the iliotibial tract were refl ected distally. The extent of the synovial 

capsule: superiorly, it rises superior to the patella, where it rests on a layer 

of fat that allows it to glide freely with movements of the joint; this superior 

part is called the suprapatellar bursa; posteriorly, it rises as high as the origin 

of the gastrocnemius muscle; laterally, it curves inferior to the lateral femoral 

epicondyle, where the popliteus tendon and fi bular collateral ligament are 

attached; and inferiorly, it bulges inferior to the lateral meniscus, overlap-

ping the tibia (the coronary ligament is removed to show this ). Prepatellar 

bursitis (housemaid’s knee ) is usually a friction bursitis caused by fric-
tion between the skin and the patella. The suprapatellar bursa communi-
cates with the articular cavity of the knee joint; consequently, abrasions 
or penetrating wounds superior to the patella may result in suprapatellar 

bursitis caused by bacteria entering the bursa from the torn skin. The 
infection may spread to the knee joint. C. Posterior aspect of knee.
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Lower Limb

Gastrocnemius, medial head

Gastrocnemius, lateral head

Fibular collateral ligament

Lateral meniscus

Popliteus tendon

Biceps femoris

Subpopliteal recess
(bursa)

Popliteus

Posterior cruciate ligament

Medial meniscus

Semimembranosus bursa

Semimembranosus

Medial subtendinous bursa of gastrocnemius 

Femur

Fibula

C. Posterior View

Posterior meniscofemoral ligament

Anterior tibial artery

Nutrient artery of tibia

Muscle

Fascia

TABLE 5.11 BURSAE AROUND KNEE

Bursa Location Structural Features or Functions

Suprapatellar Located between femur and tendon of quadriceps femoris Held in position by articular muscle of knee; communicates freely 
with synovial cavity of knee joint

Popliteus Located between tendon of popliteus and lateral condyle of tibia Opens into synovial cavity of knee joint, inferior to lateral meniscus

Anserine Separates tendons of sartorius, gracilis, and semitendinosus from 
tibia and tibial collateral ligament

Area where tendons of these muscles attach to tibia (pes anserinus) 
resembles the foot of a goose (L. pes, foot; L. anser, goose)

Medial subtendinous bursa of gastrocnemius Lies deep to proximal attachment of tendon of medial head of 
gastrocnemius 

Extension of synovial cavity of knee joint

Semimembranosus Located between medial head of gastrocnemius and semimem-
branosus tendon

Related to the distal attachment of semimembranosus

Subcutaneous prepatellar Lies between skin and anterior surface of patella Allows free movement of skin over patella during movements of leg

Subcutaneous infrapatellar Located between skin and tibial tuberosity Helps knee to withstand pressure when kneeling

Deep infrapatellar Lies between patellar ligament and anterior surface of tibia Separated from knee joint by infrapatellar fat pad

5.54 ARTICULARIS GENU AND BURSAE OF KNEE REGION (CONTINUED   ), DISTENDED KNEE JOINT

KNEE JOINT

Agur_Chap05.indd   423Agur_Chap05.indd   423 11/15/2011   11:05:16 AM11/15/2011   11:05:16 AM



424

Superior medial
genicular artery

Popliteal artery

Superior lateral
genicular artery

Inferior lateral
genicular artery

Popliteus

Anterior tibial artery

Soleus

Posterior tibial artery

Inferior medial
genicular artery

Semimembranosus

Adductor magnus

Femoral artery

Descending
genicular artery

Saphenous branch

Superior medial
genicular artery

Middle genicular artery

Inferior medial
genicular artery

Posterior tibial artery

Descending
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circumflex
femoral artery

Popliteal artery
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genicular artery

Inferior lateral
genicular artery

Anterior tibial
recurrent artery

Anterior tibial artery

A. Anterior View

B. Posterior View

Branches of
middle genicular
artery

ANASTOMOSES AROUND KNEE

A. Genicular anastomosis on the anterior aspect of the knee. B. Popliteal 

artery in popliteal fossa.

• The popliteal artery runs from the adductor hiatus (in the adductor 

magnus muscle) proximally to the inferior border of the popliteus 

muscle distally, where it bifurcates into the anterior and posterior 

tibial arteries.

• The three anterior relations of the popliteal artery include the femur 

(fat intervening), the joint capsule of the knee; and the popliteus 

muscle.

• Five genicular branches of the popliteal artery supply the capsule and 

ligaments of the knee joint. The genicular arteries are the superior 

lateral, superior medial, middle, inferior lateral, and inferior medial 

genicular arteries.

5.55
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Lower Limb

Patellar ligament

Adductor magnus

Vastus medialis
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Superior medial
genicular artery

Tibial collateral ligament

Synovial membrane

Medial meniscus

Coronary ligament
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C. Anteromedial View D. Anterolateral View

Patella

5.55 ANASTOMOSES AROUND KNEE (CONTINUED   )

C. Medial aspect of the knee showing superior and inferior medial genicular arteries. D. Lateral aspect of the 

knee showing superior and inferior lateral genicular arteries.

The genicular arteries participate in the formation of the periarticular genicular anastomosis, a network of 

vessels surrounding the knee that provides collateral circulation capable of maintaining blood supply to the leg 

during full knee fl exion, which may kink the popliteal artery. Other contributors to this important anastomosis 

are the descending genicular artery, a branch of the femoral artery, superomedially; descending branch of the 

lateral circumfl ex femoral artery, superolaterally; and anterior tibial recurrent artery, a branch of the anterior 

tibial artery, inferolaterally.
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A. Anteroposterior View

B. Skyline View (Knee in Flexion) C. Transverse MRI

Patella

Lateral epicondyle

Lateral femoral condyle

Intercondylar eminence

Medial and lateral tibial condyles

Neck of fibula

5.56 IMAGING OF THE KNEE AND PATELLOFEMORAL ARTICULATION

A. Anteroposterior radiograph of knee. B. Radiograph of patella (knee joint fl exed). FE, femur; FP, fat pad; P, 

patella; PJ, patellofemoral joint. C. Transverse MRI showing the patellofemoral joint.

Pain deep to the patella often results from excessive running; hence, this type of pain is often called 
“runner’s knee.” The pain results from repetitive microtrauma caused by abnormal tracking of the patella 
relative to the patellar surface of the femur, a condition known as the patellofemoral syndrome. This 
syndrome may also result from a direct blow to the patella and from osteoarthritis of the patellofemoral 
compartment (degenerative wear and tear of articular cartilages). In some cases, strengthening of the 
vastus medialis corrects patellofemoral dysfunction. This muscle tends to prevent lateral dislocation of 
the patella resulting from the Q-angle because the vastus medialis attaches to and pulls on the medial 
border of the patella. Hence, weakness of the vastus medialis predisposes the individual to patellofemoral 
dysfunction and patellar dislocation.
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Posterior cruciate ligament (7)

Anterior cruciate ligament (6)

Tibial collateral ligament (5)

Medial meniscus (4)

Tibia

Anserine bursa  Head of fibula (3)

Proximal tibiofibular joint

Fibular collateral ligament (2)
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A. Coronal Section Lateral View
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5.57 CORONAL SECTION AND MRIs OF KNEE

A. Section through intercondylar notch of femur, tibia, and fi bula. B. MRI through intercondylar notch of femur 

and tibia. C. MRI through femoral condyles tibia and fi bula. Numbers in MRIs refer to structures in A. VM, 

vastus medialis; EL, epiphyseal line; IT, iliotibial tract; FC, femoral condyle; BF, biceps femoris; ST, semitendi-

nosus; LG, lateral head of gastrocnemius; MG, medial head of gastrocnemius; PV, popliteal vein; PA, popliteal 

artery; F, fat in popliteal fossa; MF, meniscofemoral ligament.
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Quadriceps femoris

Suprapatellar bursa

Medial femoral condyle

Patellar ligament

Intercondylar eminence

Medial tibial condyle

Lateral View

FE

P

T

A

F

S

Proximal tibiofibular joint

5.58 RADIOGRAPH OF KNEE

Lateral radiograph of fl exed knee. FE, femur; T, tibia; F, fi bula; A, apex of fi bula; S, fabella; P, patella. The 

fabella is an inconsistent sesamoid bone in the lateral head of gastrocnemius muscle.
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9 MG
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4

2

SF
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3

11

7

PV1

A. Sagittal MRI

10

SAGITTAL SECTION AND MRIs OF KNEE

A. MRI through medial aspect of intercondylar notch of femur showing 

 cruciate ligaments. B. Illustration of section through lateral aspect of inter-

condylar notch of femur. C. MRI through medial femoral and tibial condyles. 

Numbers in MRIs refer to structures in A. SM, semimembranosus; ST, 

 semitendinosus; MG, medial head of gastrocnemius; VM, vastus medialis; 

PF, prefemoral fat; SF, suprapatellar fat; AM, anterior horn of medial menis-

cus; PM, posterior horn of medial meniscus; PV, popliteal vessels.

5.59
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C. Sagittal MRIAnterior View
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Biceps femoris

Fat in popliteal fossa (11)

Fibrous layer of capsule of knee joint (10)

Synovial membrane

Posterior cruciate ligament (9)

Anterior cruciate ligament (8)

Lateral head of gastrocnemius

Popliteus (7)
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Subcutaneous infrapatellar bursa

Deep infrapatellar bursa

Patellar ligament (5)

Infrapatellar fat pad (4)

Cavity of knee joint

Subcutaneous prepatellar bursa

Patella (2)

Suprapatellar bursa (3)
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B. Sagittal Section

5.59 SAGITTAL SECTION AND MRIs OF KNEE (CONTINUED   )
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430 ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT

13
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12
11

1
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4
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A. Anterior View B. Anterior View

Tibial tuberosity (1)

Gastrocnemius, medial head (2)

Soleus (3)

Medial (subcutaneous)
surface of tibia (4)

Tendon of tibialis anterior (5)

Medial malleolus (6)

Tendon of extensor hallucis longus

Extensor hallucis brevis

Patella (13)

Iliotibial tract

Patellar ligament (12)

Head of fibula (11)

Fibularis longus (10)

Tibialis anterior (9)

Extensor digitorum longus

Fibularis (peroneus) brevis

Extensor digitorum longus

Extensor hallucis longus

Inferior extensor retinaculum

 Lateral malleolus (8)

Fibularis tertius muscle and tendon

Tendon of fibularis brevis

Tendons of extensor digitorum longus (7)

Extensor digitorum brevis

Superior extensor retinaculum

5.60 ANTERIOR LEG—SUPERFICIAL MUSCLES

A. Surface anatomy (numbers refer to structures labeled in B). B. Dissection.

The muscles of the anterior compartment are ankle dorsifl exors/toe exten-

sors. They are active in walking as they concentrically contract to raise the 

forefoot to clear the ground during the swing phase of the gait cycle and 

eccentrically contract to lower the forefoot to the ground after the heel strike 

of the stance phase.

Shin splints, edema, and pain in the area of the distal third of the tibia, 
result from repetitive microtrauma of the anterior compartment muscles, 
especially the tibialis anterior. This produces a mild form of anterior 

 compartment syndrome. The pain commonly occurs during traumatic 
injury or athletic overexertion of the muscles. Edema and muscle-tendon 
infl ammation causes swelling that reduces blood fl ow to the muscles. The 
swollen ischemic muscles are painful and tender to pressure.
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Lower Limb

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT

TABLE 5.12 MUSCLES OF ANTERIOR COMPARTMENT OF LEG

Muscle Proximal Attachment Distal Attachment Innervationa Main Actions

Tibialis anterior Lateral condyle and superior half of lateral 
surface of tibia

Medial and inferior surfaces of medial 
cuneiform and base of fi rst metatarsal

Deep fi bular (peroneal) nerve 
(L4–L5)

Dorsifl exes ankle joint and inverts 
foot

Extensor hallucis longus Middle part of anterior surface of fi bula and 
interosseous membrane

Dorsal aspect of base of distal phalanx of 
great toe (hallux)

Deep fi bular (peroneal) nerve 
(L5–S1)

Extends great toe and dorsifl exes 
ankle joint

Extensor digitorum 
longus 

Lateral condyle of tibia and superior three fourths 
of anterior surface of interosseous membrane

Middle and distal phalanges of lateral 
four digits

Extends lateral four digits and 
dorsifl exes ankle joint

Fibularis (peroneus) Inferior third of anterior surface of fi bula and 
interosseus membrane

Dorsum of base of fi fth metatarsal Dorsifl exes ankle joint and aids 
tertius in eversion of foot

aSee Table 5.1 for explanation of segmental innervation.

Talus

Ligamentous attachment

Proximal muscular attachment

Distal muscular attachment

Key for A

Iliotibial tract

Quadriceps femoris
(via patellar ligament)

Sartorius
Gracilis

Semitendinosus

Tibalis anterior

Extensor hallucis longus

Extensor hallucis brevis

Extensor hallucis longusExtensor digitorum longus
(via extensor expansion)

Fibularis (peroneus) tertius

Fibularis (peroneus) brevis

Extensor digitorum brevis

Fibularis (peroneus) tertius

Fibularis (peroneus) brevis

Extensor digitorum longus

Fibularis (peroneus) longus

Biceps femoris

Neck of fibula
Tibial tuberosity

Anterior border

Medial surface

Lateral surface

Tibia

Medial malleolus

Navicular

Cuneiforms
(1-3)

Metatarsals
(1-5)

Proximal phalanx

Distal phalanx

3 2 1

5
4

3 2 1

Cuboid

Calcaneus

Lateral malleolus

Apex of head

Gerdy tubercle

Fibula 

Anterior Views

Proximal
Middle
Distal

Phalanx

A B

5.61 FEATURES OF BONES AND MUSCLE ATTACHMENTS: ANTERIOR LEG AND 
DORSUM OF FOOT

A. Attachments. B. Features of bones.
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Deep fibular
(peroneal) nerve

Patellar ligament

Anterior tibial artery

Deep fascia

Sympathetic branch
to vessel

Tibialis anterior

Extensor
hallucis longus

Anterior tibial
artery

Perforating branch of
fibular (peroneal) artery

Inferior extensor
retinaculum

(cut and retracted) Inferior extensor
retinaculum
(cut and retracted)

Extensor
digitorum longus

Tibialis anterior
tendon

B. Anterolateral ViewA. Anterior View

Extensor digitorum
brevis

Common fibular
(peroneal) nerve

Superficial fibular
(peroneal) nerve

Fibularis (peroneus)
longus

Fibularis (peroneus)
brevis

Fibularis (peroneus)
tertius

Deep fibular
(peroneal) nerve

Extensor hallucis
longus

Extensor digitorum
longus

Tibialis anterior

5.62 ANTERIOR LEG—DEEP MUSCLES, NERVES, AND VESSELS 

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT

TABLE 5.13 COMMON, SUPERFICIAL, AND DEEP FIBULAR (PERONEAL ) NERVES

Nerve Origin Course Distribution/Structure(S) Supplied

Common fi bular Sciatic nerve Forms as sciatic nerve bifurcates at the apex of popliteal fossa and follows 
medial border of biceps femoris; winds around neck of fi bula, dividing into 
superfi cial and deep fi bular nerves

Skin on lateral part of posterior aspect of leg via the lateral sural 
cutaneous nerve; lateral aspect of knee joint via its articular 
branch

Superfi cial fi bular Common 
fi bular nerve 

Arises deep to fi bularis longus and descends in lateral  compartment of 
leg; pierces crural fascia at distal third of leg to become cutaneous

Fibularis longus and brevis and skin on distal third of  anterolateral 
surface of leg and dorsum of foot

Deep fi bular Common 
fi bular nerve 

Arises deep to fi bularis longus; passes through extensor digitorum longus, 
descends on interosseous membrane, and continues on dorsum of foot

Anterior muscles of leg, dorsum of foot, and skin of fi rst  interdigital 
cleft; dorsal aspect of joints crossed via articular branches
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Lower Limb

5.62 ANTERIOR LEG—DEEP MUSCLES, NERVES, AND VESSELS (CONTINUED    )

A. Overview of motor innervation. B. Deep dissection of the anterior compartment of the leg. The muscles are 

separated to display the anterior tibial artery and deep fi bular nerve. C. Neurovascular structures. D. Relations 

of common fi bular nerve and branches to the proximal fi bula. E. Interosseous membrane.

Patellar ligament

Anterior tibial recurrent
nerve and artery

Tuberosity of tibia

Anterior border of tibia

Lateral surface of tibia

Interosseous membrane

Anterior (extensor)
surface of fibula

Deep fibular (peroneal) nerve

Anterior tibial artery

Superior extensor retinaculum

Anterior medial malleolar artery

Lateral tarsal artery

Dorsalis pedis artery
(dorsal artery of foot)

Arcuate artery

Dorsal metatarsal arteries

Dorsal digital arteries

Perforating branches of metatarsal arteries

Fibularis (peroneus) brevis

Extensor digitorum brevis

Inferior fibular (peroneal)
retinaculum

Anterior lateral
malleolar artery

Fibularis
(peroneus) longus

Perforating branch
of fibular (peroneal) artery

Fibularis (peroneus) brevis

Superficial fibular
(peroneal) nerve

Fibularis (peroneus)
longus

Common fibular
(peroneal) nerve

Head of fibula

Iliotibial tract

Common fibular (peroneal) nerve

Apex of head

Head of fibula

Neck of fibula

Superficial fibular (peroneal) nerve

Deep fibular
(peroneal) nerve

Biceps femoris

Superficial fibular (peroneal) nerve

Fibular collateral ligament

Fibularis (peroneus) longus

C. Anterolateral View

D. Lateral View

Lateral branch of deep fibular
nerve to joints and extensor
digitorum brevis

Medial branch of deep fibular
nerve to joints and
1st and 2nd digits

Lateral condyle

Tuberosity
of tibia

Tibiofibular joint
and anterior
ligament of

fibular head

Interosseous
membrane

Perforating 
branch of 

fibular artery

Inferior transverse
ligament (part of

posterior tibio-
fibular ligament)

Tibiofibular
syndesmosis
and anterior 

tibiofibular
ligament

Head of fibula

Anterior tibial
artery

Lateral malleolus

E. Anterior View

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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8
7

6

3 4

5

12

4
3 3 3 3

A. Superior View

Extensor hallucis longus

Medial malleolus (7)

Tibialis anterior (6)

Deep fibular (peroneal) nerve

Extensor hallucis longus (4)

1st dorsal interosseous

Extensor expansion
Extensor expansion

(dorsal aponeurosis)

Extensor digitorum brevis

Extensor digitorum longus (3)

Fibularis (peroneus) tertius (2)

Extensor hallucis brevis (1)

Inferior extensor retinaculum

Fibularis (peroneus) tertius

Lateral malleolus (8)

Extensor digitorum longus

Superior extensor retinaculum

B. Superior View

Dorsalis pedis artery
(dorsal artery of foot)
pulsations palpated at (5)

Extensor hallucis longus

5.63 DORSUM OF FOOT

A. Surface anatomy (numbers refer to structures labeled in B). B. Dissection. 

The dorsal vein of foot and deep fi bular nerve are cut.

At the ankle, the dorsalis pedis artery (dorsal artery of foot) and deep 

fi bular nerve lie midway between the malleoli. On the dorsum of the foot, the 

dorsal artery of foot is crossed by the extensor hallucis brevis muscle and 

disappears between the two heads of the fi rst dorsal interosseous muscle.

Clinically, knowing the location of the belly of the extensor digitorum 
brevis is important for distinguishing this muscle from abnormal edema. 
Contusion and tearing of the muscle fi bers and associated blood vessels 

result in a hematoma in extensor digitorum brevis, producing edema 
anteromedial to the lateral malleolus. Most people who have not seen this 
infl amed muscle assume they have a severely sprained ankle.

The dorsalis pedis pulse may be palpated with the feet slightly dor-
sifl exed. The pulse is usually easy to palpate because the dorsal arteries 
of the foot are subcutaneous and pass along a line from the extensor 
retinaculum to a point just lateral to the extensor hallucis longus tendon. 
A diminished or absent dorsalis pedis pulse usually suggests vascular 
insuffi ciency resulting from arterial disease.

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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Lower Limb

123
4

5

Calcaneal tuberosity
(posterior surface)

Extensor hallucis brevis

Extensor hallucis longusExtensor
expansion

Lateral bands

Median band

Fibularis (peroneus)
tertius

Fibularis (peroneus)
brevis

Tuberosity

Groove for tendon of
 fibularis (peroneus) longus

Extensor digitorum brevis

Anterior tibial artery

Medial malleolar artery

Dorsalis pedis artery
(dorsal artery of foot)

Medial tarsal arteries

Deep plantar artery

1st dorsal metatarsal artery

Dorsal digital arteries

Perforating arteries

Arcuate artery

Lateral tarsal artery

Lateral malleolar artery

Perforating branch of
fibular (peroneal) artery

A. Superior View B. Superior View

Body

Talus

Cuboid

Metatarsals (1-5)

Proximal phalanx

Middle phalanx

Distal phalanx

Distal phalanx

Proximal phalanx

Medial cuneiform

Middle cuneiform

Lateral cuneiform

Navicular

Head

Neck

Medial cuneiform

Lateral malleolus

Cuboid

Medial malleolus

Talus

Navicular

Dorsal metatarsal
arteries (2nd-4th)

5.64 ATTACHMENTS OF MUSCLES AND ARTERIES OF DORSUM OF FOOT

A. Attachments. B. Arterial supply.

TABLE 5.14 ARTERIAL SUPPLY TO DORSUM OF FOOT

Artery Origin Course Distribution

Dorsalis pedis (dorsal artery of foot) Continuation of anterior tibial artery 
distal to talocrural joint

Descends anteromedially to 1st interosseous space and divides into deep plantar 
and arcuate arteries

Dorsal surface of foot

Lateral tarsal artery

From dorsalis pedis artery (dorsal 
artery of foot)

Runs an arched course laterally beneath extensor digitorum brevis to anastomose 
with branches of arcuate artery

Arcuate artery Runs laterally from 1st interosseous space across bases of lateral four metatarsals, 
deep to extensor tendons

Deep plantar artery Passes to sole of foot and joins plantar arch Sole of foot

Metatarsal arteries 1st From deep plantar artery Run between metatarsals to clefts of toes where each vessel divides into two 
dorsal digital arteries. Dorsal surface of foot

2nd to 4th From arcuate artery Perforating arteries connect to plantar arch and plantar  metatarsal arteries.

Dorsal digital arteries From metatarsal arteries Pass to sides of adjoining digits Digits

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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Biceps femoris tendon

Iliotibial tract

Patella

Fibular collateral ligament

Deep (crural) fascia of leg

Tibialis anterior

Extensor digitorum longus

Extensor hallucis longus

Fibularis (peroneus) tertius

Extensor hallucis brevis

Extensor digitorum brevis

Extensor digitorum longus

Fibularis (peroneus) tertius

Calcaneal tendon

Fibularis (peroneus) longus

Superficial fibular (peroneal) nerve

Soleus

Gastrocnemius
lateral head

Common fibular (peroneal) nerve

A. Anterolateral View B. Anterolateral View

Patellar retinaculum

Fibularis (peroneus) longus

Fibularis (peroneus) longus

Fibularis (peroneus) brevis

5.65 MUSCLES OF LATERAL LEG AND FOOT

A. Surface anatomy. B. Dissection.

• The two fi bular (peroneal ) muscles both attach to two thirds of the fi bula, 

the fi bularis (peroneus ) longus muscle to the proximal two thirds, and the 

fi bularis (peroneus ) brevis muscle to the distal two thirds. Where they over-

lap, the fi bularis brevis muscle lies anteriorly.

• The fi bularis (peroneus ) longus muscle enters the foot by hooking around 

the cuboid and traveling medially to the base of the fi rst metatarsal and 

medial cuneiform.

• Common fi bular (peroneal ) nerve lesion. The nerve lies in contact 
with the neck of the fi bula deep to the fi bularis longus muscle, where it 
is vulnerable to injury (B, red circle ). This injury may have serious impli-
cations because the nerve supplies the extensor and everter muscle 
groups, with loss of function resulting in foot-drop (inability to dorsifl ex 
the ankle ) and diffi culty in everting the foot.

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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Fibularis
brevis

Fibularis
longus

Tibialis
posterior
tendon

Fibularis tertius

C. Lateral View D. Lateral View E. Lateral View

Fibularis
longus
tendon

1 2 3 4
5

Fibularis brevis

Fibularis longus tendon (cut)

Extensor digitorum
longus

Extensor
digitorum
longus

Fibularis tertius

Fibula

Tibia

Lateral malleolus
of fibula

Fibularis brevis

Common fibular nerve Head

Lateral malleolus

Sulcus for
fibularis tendons

Subcutaneous
area

Anterior border

Fibularis brevis

Posterior border

Fibularis longus

Superficial fibular nerve

Deep fibular nerve

Fibularis longus

5.65 MUSCLES OF LATERAL LEG AND FOOT (CONTINUED    )

C. Fibularis (peroneus) longus. D. Fibularis (peroneus) brevis. E. Attachments sites on fi bula.

TABLE 5.15 MUSCLES OF LATERAL COMPARTMENT OF LEG

Muscle Proximal Attachment Distal Attachment Innervationa Main Actions

Fibularis (peroneus) longus Head and superior two thirds of 
lateral surface of fi bula

Base of fi rst metatarsal and medial cuneiform
Superfi cial fi bular (peroneal) 
nerve (L5, S1, and S2)

Evert foot and weakly plantar fl ex 
ankle jointFibularis (peroneus) brevis Inferior two thirds of lateral 

surface of fi bula
Dorsal surface of tuberosity on lateral side of 
base of fi fth metatarsal

aSee Table 5.1 for explanation of segmental innervation

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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2

3

5

4

1

A. Lateral View

6

Small saphenous vein

Calcaneal tendon (1)

Anterior inferior tibiofibular ligament

Anterior talofibular ligament*

Inferior extensor retinaculum

Extensor digitorum longus (2)

Extensor digitorum brevis (3)

Fibularis (peroneus) tertius

Abductor digiti minimi

Fibularis (peroneus) brevis (4)

Calcaneocuboid joint

Fibularis (peroneus) longus (5)

Subtalar joint
Inferior fibular

(peroneal) retinaculum

*Calcaneofibular ligament

Superior fibular (peroneal)
retinaculum

*Components of lateral
ligament of ankle

B. Lateral View

Talus
 

Lateral malleolus (6)

Calcaneus
 Tuberosity of 5th metatarsal

Sural nerve

5.66 SYNOVIAL SHEATHS AND TENDONS AT ANKLE

A. Surface anatomy (numbers refer to structures labeled in B). B. Tendons at the lateral aspect of the ankle.

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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Lower Limb

Fibularis brevis

Fibularis (peroneus) longus

Fibularis (peroneus) brevis

Tendon of
Fibularis longusTibialis anterior

Inferior extensor retinaculum

Extensor digitorum longus
and fibularis (peroneus)

tertius 
Extensor hallucis longus

Extensor hallucis brevis

Fibularis (peroneus) tertius

Extensor digitorum brevis

Fibularis (peroneus) brevis

Fibularis (peroneus) longus

C. Anterolateral View

D. Anterolateral View

Deep fibular nerve

Dorsalis pedis artery

of talus

Neck 

Cuneiforms

Metatarsals

Phalanges

Head
Tubercle

Base

Tuberosity of
5th metatarsal

Groove for fibularis
(peroneus) longus

Fibular (peroneal)
trochlea

Lateral tubercle

Navicular

Middle

Head

Cuboid

CalcaneusE. Lateral View

Body

Lateral

5.66 SYNOVIAL SHEATHS AND TENDONS AT ANKLE (CONTINUED    )

C. Synovial sheaths of tendons on the anterolateral aspect of the ankle. The tendons of the fi bularis (peroneus ) 

longus and fi bularis (peroneus ) brevis muscles are enclosed in a common synovial sheath posterior to the 

lateral malleolus. This sheath splits into two, one for each tendon, posterior to the fi bular (peroneal ) trochlea. 

D. Schematic illustration of fi bularis longus and brevis. E. Lateral aspect of bones of foot.

ANTERIOR AND LATERAL COMPARTMENTS OF LEG, DORSUM OF FOOT
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440 POSTERIOR COMPARTMENT OF LEG

Soleus

Gastrocnemius:

Calcaneal tendon

Medial head
Lateral head

Calcaneus

Plantaris

Popliteus

Tibialis
posterior

Tibialis
posterior

Tibia

Flexor
digitorum
longus

Flexor
digitorum
longus

Flexor
hallucis
longus

Flexor
hallucis
longus

Fibula

Sustentaculum
tali

5th metatarsal

Cuboid

5.67 MUSCLES OF POSTERIOR LEG

A. and B. Muscles of superfi cial compartment. C. and D. Muscles of deep compartment.

TABLE 5.16 MUSCLES OF POSTERIOR COMPARTMENT OF LEG

Muscle Proximal Attachment Distal Attachment Innervationa Main Actions

Superfi cial muscles

Gastrocnemius Lateral head: lateral aspect of lateral 
condyle of femur

Posterior surface of calcaneus via 
calcaneal tendon (tendocalcaneus) Tibial nerve (S1 and S2)

Plantar fl exes ankle joint when knee joint 
is extended; raises heel during walking, 
and fl exes knee joint

Medial head: popliteal surface of 
femur, superior to medial condyle

Soleus Posterior aspect of head of fi bula, 
superior fourth of posterior surface of 
fi bula, soleal line and medial border 
of tibia

Plantar fl exes ankle joint (independent of 
knee position) and steadies leg on foot

Plantaris Inferior end of lateral supracondylar 
line of femur and oblique popliteal 
ligament

Weakly assists gastrocnemius in plantar 
fl exing ankle joint and fl exing knee joint

Deep muscles

Popliteus Lateral surface of lateral condyle of 
femur and lateral meniscus

Posterior surface of tibia, superior to 
soleal line

Tibial nerve (L4, L5, and S1)

Unlocks fully extended knee joint 
(laterally rotates femur 5 degrees on 
planted tibia); weakly fl exes knee joint

Flexor hallucis longus Inferior two thirds of posterior surface 
of fi bula and inferior part of interos-
seous membrane

Base of distal phalanx of great toe 
(hallux)

Flexes great toe at all joints and plan-
tar fl exes ankle joint; supports medial 
longitudinal arch of foot

Flexor digitorum longus Medial part of posterior surface of 
tibia inferior to soleal line, and by a 
broad tendon to fi bula

Bases of distal phalanges of lateral 
four digits

Tibial nerve (S2 and S3) Flexes lateral four digits and plantar 
fl exes ankle joint; supports longitudinal 
arches of foot

Tibialis posterior Interosseous membrane, posterior 
surface of tibia inferior to soleal line 
and posterior surface of fi bula

Tuberosity of navicular, cuneiform, and 
cuboid and bases of metatarsals 2–4

Tibial nerve (L4 and L5) Plantar fl exes ankle joint and inverts foot

aSee Table 5.1 for explanation of segmental innervation.
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POSTERIOR COMPARTMENT OF LEG

A. Posterior View

Gastrocnemius,
medial head

Plantaris

Gastrocnemius, lateral head

Soleus

Tibialis posterior

Flexor hallucis longus

Fibularis (peroneus) brevis

For bursa of calcaneal tendon

Calcaneal tendon

Flexor
digitorum longus

Popliteus

Semimembranosus

Adductor tubercle

Apex of head

Head of fibula

Neck of fibula

Fibula

Fibular surface

Fibularis brevis
Fibularis longus

Groove
for

Lateral malleolus

Lateral tubercle
of talus

For bursa of calcaneal
tendon

For calcaneal tendon

Lateral process
Medial process

Groove for flexor hallucis longus

Sustentaculum tali

Medial tubercle of talus

Medial malleolus

Groove for Tibialis posterior
Flexor digitorum longus

Tibia

Vertical line

Soleal line

Popliteal area

Groove and rough area for
semimembranosus

B. Posterior View

5.68 BONES OF THE POSTERIOR LEG

A. Muscle attachments. B. Features of bones.

Tibial fractures. The tibial shaft is narrowest at the junction of its 
middle and inferior thirds, which is the most frequent site of fracture. 
Unfortunately, this area of the bone also has the poorest blood supply.

Fibular fractures. These commonly occur 2 to 6 cm proximal to the 
distal end of the lateral malleolus and are often associated with fracture/

dislocations of the ankle joint, which are combined with tibial fractures. 
When a person slips and the foot is forced into an excessively inverted 
position, the ankle ligaments tear, forcibly tilting the talus against the lat-
eral malleolus and shearing it off.
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A. Posterior
View

Semitendinosus
Biceps femoris (8)

Tibial nerve

Common fibular (peroneal) nerve

Medial sural cutaneous nerve

Gastrocnemius, lateral head (7)

Soleus (6)

Fibularis (peroneus) longus (4)

Fibularis (peroneus) brevis (5)

Calcaneal tendon (3)

Superior fibular (peroneal) retinaculumFlexor retinaculum

Tibialis posterior

Flexor digitorum longus

Gastrocnemius, medial head (2)

Sartorius

Gracilis

Semimembranosus (1)

B. Posterior
View

5.69 POSTERIOR LEG, SUPERFICIAL MUSCLES OF POSTERIOR COMPARTMENT

A. Surface anatomy (numbers refer to structures labeled in B). B. Dissection. Gastrocnemius strain (tennis 
leg) is a painful calf injury resulting from partial tearing of the medial belly of the muscle at or near its 
musculotendinous junction. It is caused by overstretching the muscle during simultaneous full extension 
of the knee joint and dorsifl exion of the ankle joint.

POSTERIOR COMPARTMENT OF LEG
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Biceps femoris

Popliteal vein

Tibial nerve

Gastrocnemius,
lateral head

Common fibular
(peroneal) nerve

Soleus

Fibularis (peroneus)
longus

Fibularis (peroneus) brevis

Flexor hallucis longus

Calcaneal tendon

Tibialis posterior

Flexor digitorum longus

Gastrocnemius

Medial inferior
genicular vessels

Gastrocnemius
medial head

Semimembranosus

Semitendinosus

Gastrocnemius,
medial head

Gastrocnemius,
lateral head

Soleus

Tibialis posterior

Flexor hallucis longus

Fibularis (peroneus)
brevis

For bursa of calcaneal tendon

Flexor digitorum longus

Popliteus

Semimembranosus

Calcaneal tendon

C. Posterior View

D. Posterior View

5.69 POSTERIOR LEG, SUPERFICIAL MUSCLES OF POSTERIOR COMPARTMENT 
(CONTINUED  )

C. Dissection revealing soleus. D. Bones of leg showing muscle attachments. Infl ammation of the calcaneal 
tendon due to microscopic tears of collagen fi bers in the tendon, particularly just superior to its attach-
ment to the calcaneus, results in calcaneal tendinitis, which causes pain during walking. Calcaneal 

tendon rupture is probably the most severe acute muscular problem of the leg. Following complete rup-
ture of the tendon, passive dorsifl exion is excessive, and the person cannot plantar fl ex against resistance.

POSTERIOR COMPARTMENT OF LEG
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Semimembranosus
Tibial nerve

Popliteus
Common fibular
(peroneal) nerve

Soleus

Fibular (peroneal)
artery

Deep (crural) fascia of leg

Transverse intermuscular
septum

Calcaneal tendon 

Flexor digitorum longus

Tibialis posterior

Flexor retinaculum

Tibial nerve

Popliteus fascia

Extensor
digitorum longus

Posterior tibial artery

Fibula

Tibialis posterior

Flexor hallucis longus

Soleus

Tibialis posterior

Flexor hallucis
longus

Flexor digitorum
longus

Medial malleolus

Grooves for tendon of
flexor hallucis longus

A. Posterior View B. Posterior View

 Calcaneal tendon

For bursa of
calcaneal tendon

5.70 POSTERIOR LEG, DEEP MUSCLES OF POSTERIOR COMPARTMENT

A. Superfi cial dissection. The calcaneal (Achilles ) tendon is cut, the gastroc-

nemius muscle is removed, and only a horseshoe-shaped proximal part of 

the soleus muscle remains in place. B. Bones of leg showing muscle attach-

ments. Calcaneal bursitis results from infl ammation of the bursa of the 
calcaneal tendon located between the calcaneal tendon and the superior 

part of the posterior surface of the calcaneus. Calcaneal bursitis causes 
pain posterior to the heel and occurs commonly during long-distance run-
ning, basketball, and tennis. It is caused by excessive friction on the bursa 
as the calcaneal tendon continuously slides over it.

POSTERIOR COMPARTMENT OF LEG
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Gracilis

Popliteal
artery 

Common fibular
(peroneal) nerve

Popliteus and nerve

Soleus

Anterior tibial
artery and vein

Posterior intermuscular
septum

Tibialis posterior 
and nerve

Fibular (peroneal)
artery

Flexor hallucis 
longus

Transverse intermuscular
septum

Calcaneal tendon
Flexor retinaculum

Posterior tibial
artery and

veins

Tibialis posterior

Flexor digitorum
longus

Tibial nerve

Soleus

Semitendinosus

Semimembranosus

Sartorius

Popliteal vein

Biceps femoris

Calcaneal tendon

Flexor digitorum longus

Quadratus plantae

Flexor hallucis longus

Tibialis posterior

Flexor digitorum longus

Flexor hallucis longus

Calcaneus

Flexor digitorum longus

Tibialis posterior

Flexor hallucis
longus

Pes anserinus:

C. Posterior View

D. Anteromedial View

E. Plantar View

Tibial collateral ligament

Popliteus fascia

5.70 POSTERIOR LEG, DEEP MUSCLES OF POSTERIOR COMPARTMENT (CONTINUED  )

C. Deeper dissection. The fl exor hallucis longus and fl exor digitorum longus are pulled apart, and the poste-

rior tibial artery is partly excised. The tibialis posterior lies deep to the two long digital fl exors. D. Crossing of 

muscles (tendons) of the deep compartment superoposterior to the medial malleolus and into the sole of the 

foot. E. Bones of foot showing muscle attachments.

POSTERIOR COMPARTMENT OF LEG
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1

2

3

4

C. Medial View

Attachment of
abductor hallucis

Calcaneal tendon

Flexor digitorum longus

Flexor hallucis longus

Tibialis posterior
Medial malleolus

Medial
(deltoid) ligament

Quadratus plantae

Osseofibrous tunnel
Sustentaculum tali

Medial tubercle of talus

Bursa of
calcaneal tendon

B. Medial View

Medial calcaneal
branches

Saphenous nerve

Great (long) saphenous vein (1)

Deep fascia of leg

Transverse intermuscular septum

Flexor hallucis longus

Posterior tibial artery

Flexor digitorum longus

Tibialis posterior (2)

Superficial part

Abductor hallucis and nerve

Medial plantar artery and nerve
Lateral plantar nerve

and artery (4)

Tibial nerve

A. Medial View

Calcaneal
tendon (3)

Flexor retinaculum:

Deep part

5.71 MEDIAL ANKLE REGION

A. Dissection. The calcaneal tendon and posterior part of the abductor hallu-

cis were excised. B. Schematic illustration of the tendons passing posterior to 

medial malleolus. C. Surface anatomy (numbers refer to structures labeled in A ).

• The posterior tibial artery and the tibial nerve lie between the fl exor digito-

rum longus and fl exor hallucis longus muscles and divide into medial and 

lateral plantar branches.

• The tibialis posterior and fl exor digitorum longus tendons occupy separate 

osseofi brous tunnels posterior to the medial malleolus.

• The posterior tibial pulse can usually be palpated between the pos-
terior surface of the medial malleolus and the medial border of the 
calcaneal tendon.

POSTERIOR COMPARTMENT OF LEG
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Soleus

Calcaneus

Fibularis (peroneus) longus

Fibularis (peroneus) brevis

Quadratus plantae 

Flexor digitorum longus

Slip from flexor hallucis longus

Flexor hallucis longus

Lumbricals 

Tibialis anterior

Tibialis posterior

Flexor digitorum longus

Flexor hallucis longus

Calcaneal tendon

Tibialis anterior

Flexor hallucis longus

Flexor digitorum longus

Tibialis posterior

Calcaneal
tendon

Quadratus plantae

Flexor digitorum longus

Flexor hallucis longus

Flexor hallucis brevis

Medial sesamoid bone

1st metatarsal

Tibialis posterior

Medial sesamoid

1st metatarsal

Ridge

Lateral sesamoid
Sheath of flexor
hallucis longus
tendon

Medial malleolus

Flexor digitorum longus

Medial malleolus

A. Posteromedial View B. Medial View

C. Plantar Surface

Medial (deltoid)
ligament of ankle

5.72 MEDIAL ANKLE AND FOOT

A. Tendons of deep compartment of the leg traced to their distal attachments in the sole of the 

foot. B. Foot raised as in walking and sesamoid bones of the great toe. The sesamoid bones of 

the great toe are located on each side of a bony ridge on the 1st metatarsal.

• The sesamoid bones are a “footstool” for the fi rst metatarsal, giving it increased height.

• By inserting into the fl exor digitorum longus muscle, the quadratus plantae muscle modifi es 

the oblique pull of the fl exor tendons.

• The fl exor hallucis longus muscle uses three pulleys: a groove on the posterior aspect of the 

distal end of the tibia, a groove on the posterior aspect of the talus, and a groove inferior to 

the sustentaculum tali.

• The fl exor digitorum longus muscle crosses superfi cial to the tibialis posterior, superoposterior 

to the medial malleolus.

POSTERIOR COMPARTMENT OF LEG
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Plantar
arch

Femoral artery

Medial superior
genicular artery

Popliteal artery

Medial inferior
genicular artery

Posterior tibial
artery

Anterior tibial
artery

Fibular (peroneal)
artery

Posterior tibial
artery

Lateral plantar
artery
Medial plantar
artery
Dorsalis pedis
artery

Perforating branch
of fibular (peroneal) artery

Calcaneal branch

Dorsalis pedis artery
(dorsal artery of foot)

Anterior tibial artery

Posterior tibial artery

Popliteal
artery

Anterior tibial
artery

Fibular (peroneal)
artery

Flexor hallucis
longus

Communicating
branch

Posterior tibial
artery

Popliteal artery

Popliteus

Anterior tibial
artery

B. Lateral View

C. Posterior View

D. Posterior View

A. Medial View

5.73 POPLITEAL ARTERIOGRAM AND ARTERIAL ANOMALIES

A. Popliteal arteriogram. The femoral artery becomes the popliteal artery at the adductor 

hiatus. The anterior tibial artery continues as the dorsalis pedis (dorsal artery of the foot ). 

The posterior tibial artery terminates as the medial and lateral plantar arteries; its major 

branch is the fi bular artery. B. Anomalous dorsalis pedis artery. The perforating 
branch of the fi bular artery rarely continues as the dorsalis pedis artery, but when 
it does, the anterior tibial artery ends proximal to the ankle or is a slender vessel. 
C. Absence of posterior tibial artery. Compensatory enlargement of the fi bular 
artery was found to occur in approximately 5% of limbs. D. High division of popli-

teal artery. Along with the anterior tibial artery descending anterior to the popliteus 
muscle; this anomaly was found to occur in approximately 2% of limbs.

POSTERIOR COMPARTMENT OF LEG
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Lateral tarsal

Superior lateral
genicular

Descending branch
from lateral femoral

circumflex artery

Inferior lateral
genicular

Perforating branch of
fibular (peroneal)

Lateral malleolar

Descending
genicular

Superior medial
genicular

Inferior medial
genicular

Anterior tibial 

Medial malleolar 

Dorsalis pedis
(dorsal artery of foot)

Medial tarsal 

Anterior tibial
recurrent

Popliteal 

B. Anterior View

Superior medial
genicular

Adductor hiatus

Inferior medial
genicular

Posterior tibial

Medial plantar

Lateral plantar

Perforating
branch

Fibular 

Anterior tibial

Inferior lateral
genicular

Popliteal 

Superior lateral
genicular

A. Posterior View

TABLE 5.17 ARTERIAL SUPPLY OF LEG AND FOOT

Artery Origin Course Distribution in Leg

Popliteal Continuation of femoral artery 
at adductor hiatus

Passes through popliteal fossa to leg; divides into anterior and posterior 
tibial arteries at lower border of popliteus

Lateral and medial aspects of knee via genicular 
arteries

Anterior tibial From popliteal Passes between tibia and fi bula into anterior compartment through gap 
superior to interosseous membrane; descends between tibialis anterior 
and extensor digitorum longus muscles

Anterior compartment

Dorsalis pedis (dorsal 
artery of foot)

Continuation of anterior tibial 
artery distal to talocrural joint

Descends to fi rst interosseous space; pierces fi rst dorsal interosseous 
muscle as deep plantar artery; joins deep plantar arch

Muscles on dorsum of foot

Posterior tibial From popliteal Passes through posterior compartment; divides into medial and lateral 
plantar arteries posterior to medial malleolus

Posterior and lateral compartments, nutrient 
artery passes to tibia

Fibular (peroneal)

From posterior tibial

Descends in posterior compartment adjacent to posterior intermuscular 
septum

Posterior compartment: perforating branches 
 supply lateral compartment

Medial plantar In foot between abductor hallucis and fl exor digitorum brevis muscles Supplies mainly muscles of great toe and skin on 
medial side of sole of foot

Lateral plantar Runs anterolaterally deep to abductor hallucis and fl exor digitorum 
brevis, and then arches medially to form deep plantar arch

Supplies lateral aspect of sole of foot

ARTERIAL SUPPLY OF LEG AND FOOT5.74

POSTERIOR COMPARTMENT OF LEG
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450 TIBIOFIBULAR JOINTS

Ligamentous attachment

Proximal muscular
attachment

Key for D

Extensor digitorum longus
Fibularis (peroneus) tertius

Extensor hallucis longus

Articular facet for fibula

Anterior border

Extensor surface for
tibialis anterior

Interosseous border

Surface for tibialis posterior

Fibular notch for
interosseous tibiofibular
ligament

Articular facets
for fibula

Talus

CalcaneusMalleolar fossa for posterior
talofibular ligament

Articular facets for
Tibia

Talus

For interosseous
tibiofibular ligament

Surface for flexor hallucis longus

Medial crest

Surface for tibialis posterior

Interosseous border

Extensor
surface for

Anterior border

Articular facet for tibia

Tibia

D.  Fibula, Medial View Lateral View

Nutrient foramen

Posterior
ligament

of head
of fibula

Anterior
ligament
of head 
of fibula

Synovial
membrane

Articular cavity

Tibia

Fibula

B. Transverse Section

Posterior ligament of
fibular head

Posterior tibiofibular ligament

Inferior transverse ligament

Tibia

Interosseous membrane

Opening for perforating
branch of fibular artery

B

C

Opening for anterior
tibial vessels

Tibia

Fibula

Head of fibula

Anterior 
tibiofibular
ligament

Posterior
tibiofibular

ligament

Interosseous
ligament

Fibula

C. Transverse Section

A. Posterior View

5.75 TIBIOFIBULAR JOINT AND TIBIOFIBULAR SYNDESMOSIS

A. Overview. B. Tibiofi bular joint. C. Tibiofi bular syndesmosis. D. Tibia and 

fi bula, disarticulated.

• The superior tibiofi bular joint (proximal tibiofi bular joint ) is a plane type of 

synovial joint between the fl at facet on the fi bular head and a similar facet 

located posterolaterally on the lateral tibial condyle. The tense joint capsule 

surrounds the joint and attaches to the margins of the articular surfaces 

of the fi bula and tibia.

• The tibiofi bular syndesmosis is a fi brous joint. This articulation is essential 

for stability of the ankle joint because it keeps the lateral malleolus fi rmly 

against the lateral surface of the talus. The strong interosseous tibiofi bular 

ligament is continuous superiorly with the interosseous membrane and 

forms the principal connection between the distal ends of the tibia and 

fi bula.
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SOLE OF FOOT

Flexor digitorum longus
Flexor hallucis longus

Plantar digital
nerves and arteries

Plantar fascia

Cutaneous branches
of medial plantar
nerve and artery

Medial calcaneal branches
of tibial nerve and
calcaneal branches
of posterior tibial artery

Fat pad

Cutaneous branches
of lateral plantar

vessels and nerves

Plantar fascia

Superficial transverse
metatarsal ligament

Fibrous digital sheaths

Plantar aponeurosis

Tuberosity of calcaneus

Sesamoid bones of 1st metatarsal

Heads of 2nd to 5th metatarsals

A. Plantar View B. Plantar View

C. Plantar View

5.76 SOLE OF FOOT, SUPERFICIAL

A. Surface anatomy. B. Dissection. Plantar aponeurosis and fascia, with 

neurovascular structures. C. Weight-bearing areas.

• The weight of the body is transmitted to the talus from the tibia and fi b-

ula. It is then transmitted to the tuberosity of the calcaneus, the heads of 

the second to fi fth metatarsals, and the sesamoid bones of the fi rst digit.

Plantar fasciitis, strain and infl ammation of the plantar aponeurosis, 
may result from running and high-impact aerobics, especially when 
inappropriate footwear is worn. It causes pain on the plantar surface 
of the heel and on the medial aspect of the foot. Point tenderness is 
located at the proximal attachment of the plantar aponeurosis to the 
medial tubercle of the calcaneus and on the medial surface of this bone. 
The pain increases with passive extension of the great toe and may be 
further exacerbated by dorsifl exion of the ankle and/or weight bearing.
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452 SOLE OF FOOT

Plantar Views

5
4 3 2 1

Lateral process

Tuberosity of cuboid

Anterior tubercle Head of talus

Sustentaculum tali

Groove for tendon of
flexor hallucis longus

Calcaneal tuberosity
Medial process

Distal
phalanx

Proximal
phalanx

Calcaneus 

Distal phalanx

Middle phalanx

Proximal
phalanx

Metatarsals
(1-5)

Groove for tendon
of fibularis longus

Cuboid
Navicular

Lateral cuneiform

Middle cuneiform

Medial cuneiform

Flexor digitorum
brevis (FDB)

Abductor digiti
minimi (ADM)

Proper plantar
digital nerves

Plantar
metatarsal
artery

Abductor
hallucis (AH)

Plantar aponeurosis,
reflected

Common plantar
digital nerves
(from medial
plantar nerve)

Superficial branch
of medial plantar
artery

A C

ADMADM

FDBFDB AHAH

ADM

FDB AH

B

Flexor digitorum brevis

Abductor
hallucis

Abductor hallucis

Abductor
digiti minimi

Abductor digiti minimi

Flexor digitorum brevis
Plantar aponeurosis

5.77 FIRST LAYER OF MUSCLES OF SOLE OF FOOT

A. Bones. B. Overview. C. Dissection. Muscles and neurovascular structures.

TABLE 5.18 MUSCLES IN SOLE OF FOOT—FIRST LAYER

Muscle Proximal Attachment Distal Attachment Innervation Actionsa

Abductor hallucis Medial process of tuberosity of calcaneus, fl exor 
retinaculum, and plantar aponeurosis

Medial side of base of proximal 
phalanx of fi rst digit

Medial plantar nerve (S2–S3)

Abducts and fl exes fi rst digit

Flexor digitorum brevis Medial process of tuberosity of calcaneus, plantar 
aponeurosis, and intermuscular septa

Both sides of middle phalanges 
of lateral four digits

Flexes lateral four digits

Abductor digiti minimi Medial and lateral processes of tuberosity of calca-
neus, plantar aponeurosis, and intermuscular septa 

Lateral side of base of proximal 
phalanx of fi fth digit

Lateral plantar nerve (S2–S3) Abducts and fl exes fi fth digit

aAlthough individual actions are described, the primary function of the intrinsic muscles of the foot is to act collectively to resist forces that stress (attempt to fl atten) the arches of the foot.
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SOLE OF FOOT

5.78 SECOND LAYER OF MUSCLES OF SOLE OF FOOT

A. Bony attachments. B. Overview. C. Dissection.

TABLE 5.19 MUSCLES IN SOLE OF FOOT—SECOND LAYER

Muscle Proximal Attachment Distal Attachment Innervation Actionsa

Quadratus plantae Medial surface and lateral margin 
of plantar surface of calcaneus

Posterolateral margin of tendon of 
fl exor digitorum longus

Lateral plantar nerve (S2–S3) Assists fl exor digitorum longus in 
fl exing lateral four digits

Lumbricals Tendons of fl exor digitorum longus Medial aspect of extensor expansion 
over lateral four digits

Medial one: medial plantar nerve (S2–S3);
Lateral three: lateral plantar nerve (S2–S3)

Flex proximal phalanges and 
extend middle and distal 
 phalanges of lateral four digits

aAlthough individual actions are described, the primary function of the intrinsic muscles of the foot is to act collectively to resist forces that stress (attempt to fl atten) the arches of the foot.

Flexor digitorum longus

Flexor hallucis longus

Groove for tendon of
flexor hallucis longus

Quadratus plantae

Sustentaculum tali

Tendon of flexor
hallucis longus (FHL)

Tendons of flexor
digitorum longus (FDL) 

Sesamoid bones

Calcaneus

11

A
C

Plantar Views

22
33

44

1

111

2

222

3

333

4

444

Quadratus plantae (QP)
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1–4
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1–4
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FHL

FDL
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5.79 THIRD LAYER OF MUSCLES AND ARTERIAL SUPPLY OF SOLE OF FOOT

A. Arterial supply. B. Overview. C. Dissection. Muscles and neurovascular structures.

A

Plantar ligament
(plate)

Fibrous digital
sheath

Adductor hallucis,
oblique head (AHO)

Lateral head

Medial head

Flexor
hallucis
brevis
(FHB)

Medial plantar
nerve

Lateral plantar
nerve

Deep branch of
lateral plantar

artery and nerve

Flexor digiti
minimi (FDM)

Adductor hallucis,
transverse head (AHT)

Deep transverse
metatarsal ligament

Flexor hallucis
longus tendon

Lateral plantar
artery

Plantar Views

Calcaneal branch

Plantar digital
arteries

Plantar metatarsal
arteries

Deep plantar artery
(1st perforating artery)

Deep plantar arch

Superficial branch

Medial plantar artery

Lateral plantar artery

Posterior tibial artery

Deep branch

Perforating arteries
(to dorsal metatarsal
arteries)

A C

B

FDM

AHT

AHO

FHB

TABLE 5.20 MUSCLES IN SOLE OF FOOT—THIRD LAYER

Muscle Proximal Attachment Distal Attachment Innervation Actionsa

Flexor hallucis brevis Plantar surfaces of cuboid and lateral 
cuneiforms

Both sides of base of proximal 
phalanx of fi rst digit

Medial plantar nerve (S2–S3) Flexes proximal phalanx of fi rst digit

Adductor hallucis Oblique head: bases of metatarsals 2–4; 
Transverse head: plantar ligaments of 
metatarsophalangeal joints

Tendons of both heads attach to 
lateral side of base of proximal 
phalanx of fi rst digit

Deep branch of lateral 
plantar nerve (S2–S3)

Adducts fi rst digit; assists in maintaining 
transverse arch of foot

Flexor digiti minimi Base of fi fth metatarsal Base of proximal phalanx of 
fi fth digit

Superfi cial branch of lateral 
plantar nerve (S2–S3) 

Flexes proximal phalanx of fi fth digit, 
thereby assisting with its fl exion

aAlthough individual actions are described, the primary function of the intrinsic muscles of the foot is to act collectively to resist forces that stress (attempt to fl atten) the arches of the foot.

SOLE OF FOOT
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Abductor
Flexor brevis

Adductor hallucis

Fibularis (peroneus) longus

Tibialis anterior

Tibialis posterior
Groove for tendon of

fibularis longus

Flexor digiti minimi

Flexor digiti minimi

Flexor digitorum longus
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Sesamoid bones

Plantar ligament
(plate)
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hallucis
brevis
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Plantar calcaneonavicular
(spring) ligament

Long plantar ligament

Abductor hallucis

Tuberosity of
calcaneus

Abductor digiti
minimi

Fibularis (peroneus)
longus tendon

Flexor digiti
minimi
brevis

Heads of
metatarsals

Flexor digitorum
brevis

Fibularis longus tendon

2nd dorsal interosseous (D2)

1st plantar interosseous (P1)

1st dorsal interosseous (D1)
3rd dorsal interosseous

(D3)
4th dorsal interosseous

(D4)
2nd plantar interosseous

(P2)
3rd plantar interosseous

(P3)

Plantar Views

A C

P3 P3 
D1D1

 D2  D2 

P1P1

D3 D3 

D4D4 P2P2

P3 
D1

 D2 

P1

D3 

D4 P2

B

3rd
2nd
1st

Plantar
interossei:

Dorsal
interossei:
Second
First

Fibularis
longus

Tibialis
posterior

TABLE 5.21 MUSCLES IN SOLE OF FOOT—FOURTH LAYER

Muscle Proximal Attachment Distal Attachment Innervation Actionsa

Plantar interossei 
(three muscles; P1–P3) 

Plantar aspect of medial sides of shafts of 
metatarsals 3–5

Medial sides of bases of proximal phalanges of third 
to fi fth digits

Lateral plantar nerve 
(S2–S3)

Adduct digits 3–5 and fl ex 
 metatarsophalangeal joints

Dorsal interossei (four 
muscles; D1–D4) 

Adjacent sides of shafts of metatarsals 1–5 First: medial side of proximal phalanx of second digit 
Second to fourth: lateral sides of second to fourth 
digits

Abduct digits 2–4 and fl ex 
 metatarsophalangeal joints

aAlthough individual actions are described, the primary function of the intrinsic muscles of the foot is to act collectively to resist forces that stress (attempt to fl atten) the arches of the foot.

5.80 FOURTH LAYER OF MUSCLES OF SOLE OF FOOT

A. Bony attachments of muscles of third and fourth layers. B. Overview. C. Dissection. Muscles and ligaments.

SOLE OF FOOT
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456 ANKLE, SUBTALAR, AND FOOT JOINTS

Anterior tibiofibular ligament 

Tibialis posterior

Flexor digitorum longus

Flexor hallucis longus

Talocalcaneal (interosseous) ligament 

Tibia

Calcaneus (articular surface for cuboid)

Head of talus (articular surface for navicular)

Fibula

A. Anterior View 

B. Anteroposterior View 

Neck of talus

Medial malleolus

Medial (deltoid) ligament

Sustentaculum tali

Lateral malleolus

Anterior talofibular ligament

Synovial membrane
of ankle joint

M

T
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F

5.81 JOINT CAVITY OF ANKLE JOINT

A. Ankle joint with joint cavity distended with injected latex. B. Radiograph of joints of ankle region. L, lateral 

malleolus; M, medial malleolus; T, talus; TF, tibiofi bular syndesmosis.

• The anterior articular surfaces of the calcaneus and head of the talus are each convex from side to side; 

thus the foot can be inverted and everted at the transverse tarsal joint.

• Note the relations of the tendons to the sustentaculum tali: the fl exor hallucis longus inferior to it, fl exor 

digitorum longus along its medial aspect, and tibialis posterior superior to it and in contact with the medial 

(deltoid) ligament.
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Fibularis (peroneus) brevis

Tibialis anterior

Medial malleolus

Medial (deltoid) ligament

Dorsal talonavicular ligament

Navicular bone

Dorsal cuneonavicular ligaments

Medial cuneiform bone

Dorsal tarsometatarsal ligaments

1st metatarsal bone
Dorsal intermetatarsal ligaments

Lateral cuneiform bone

Cuboid bone

Bifurcate ligament
(calcaneocuboid ligament)

Talocalcaneal (interosseous) ligament

Anterior  tibiofibular ligament

Subcutaneous area

Interosseous membrane

Anterior (extensor) surface

Lateral malleolus

Anterosuperior View

Anterior talofibular ligament

5.82 ANKLE JOINT AND LIGAMENTS OF DORSUM OF FOOT

Dissection. The ankle joint is plantar fl exed, and its anterior capsular fi bers are removed.

• All muscles attached to the fi bula except the biceps femoris pull inferiorly on the bone during contraction. 

The oblique fi bers of the interosseous membrane and ligaments uniting the fi bula to the tibia resist this 

inferior pull but allow the fi bula to be forced superiorly during full dorsifl exion of the ankle.

• The bifurcate ligament, a Y-shaped ligament consisting of calcaneocuboid and calcaneonavicular liga-

ments, and the talonavicular ligament are the primary dorsal ligaments of the transverse tarsal joint.

A Pott fracture-dislocation of the ankle occurs when the foot is forcibly everted. This action pulls on 
the extremely strong medial (deltoid) ligament, often avulsing the medial malleolus and compressing the 
lateral malleolus against the talus, shearing off the malleolus or, more often, fracturing the fi bula superior 
to the tibiofi bular syndesmosis.
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Medial malleolus
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Posterior talofibular ligament *
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Calcaneal tendon

For bursa of calcaneal tendon

Groove for tendon of flexor hallucis longus
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(deltoid) ligament
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Talus

Tibialis posterior
Flexor digitorum
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Groove for flexor hallucis longus

Posterior tibiofibular ligament

Malleolar groove for Fibularis (peroneus) brevis
Fibularis (peroneus) longus

Posterior talofibular ligament *
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For attachment of calcaneal tendon

Lateral process
Medial process

For bursa of calcaneal tendon 

Sustentaculum tali

Tibiocalcaneal part

Posterior tibiotalar part
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Medial (deltoid) ligament

Synovial membrane

Fibula

Calcaneus

Tibia

Groove for flexor hallucis longus

A. Posterior View 

B. Posterior View 

5.83 POSTERIOR ASPECT OF ANKLE JOINT

A. Dissection. B. Ankle joint with joint cavity distended with latex. Observe the 

grooves for the fl exor hallucis longus muscle, which crosses the middle of the 

ankle joint posteriorly, the two tendons posterior to the medial malleolus, and 

the two tendons posterior to the lateral malleolus.

• The posterior aspect of the ankle joint is strengthened by the transversely 

oriented posterior tibiofi bular and posterior talofi bular ligaments.

• The calcaneofi bular ligament stabilizes the joint laterally, and the posterior 

tibiotalar and tibiocalcanean parts of the medial (deltoid) ligament stabilize 

it medially.

• The groove for the fl exor hallucis tendon is between the medial and 

lateral tubercles of the talus and continues inferior to the sustentaculum 

tali.
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 Posterior tibial artery and veins

Fibularis (peroneus) brevis

Fibularis (peroneus) longus

Posterior inferior tibiofibular ligament

Inferior part of posterior inferior tibiofibular ligament

Lateral malleolus

Posterior talofibular ligament

Calcaneofibular ligament

Calcaneal tendon

Quadratus plantae

Plantar vessels and nerves

Abductor hallucis

Flexor digitorum longus

Tibialis posterior

Medial (deltoid)
ligament

Medial malleolus

Tibialis posterior

Flexor digitorum longus

Tibial nerve

Calcaneal tendon

Lateral ligament

Posteromedial View

Tibiocalcaneal part

Flexor hallucis longus

Tendon of flexor hallucis longus

Posterior tibiotalar part 

5.84 POSTEROMEDIAL ANKLE

• The fl exor hallucis longus muscle is midway between the medial and lateral malleoli; the tendons of the 

fl exor digitorum and tibialis posterior are medial to it, and the tendons of the fi bularis longus and brevis are 

lateral to it.

• The strongest parts of the ligaments of the ankle are those that prevent anterior displacement of the leg 

bones, namely, the posterior part of the medial ligament (posterior tibiotalar), the posterior talofi bular, and 

calcaneofi bular and tibiocalcaneal parts.

Tarsal tunnel syndrome, the entrapment and compression of the tibial nerve, occurs when there is 
edema and tightness in the ankle involving the synovial sheaths of the tendons of muscles in the posterior 
compartment of the leg. The area involved is from the medial malleolus to the calcaneus. The heel pain 
results from compression of the tibial nerve by the fl exor retinaculum.
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Groove for
tibialis posterior

Calcaneal tendon

Groove for flexor hallucis longus

Bursa of calcaneal tendon 

Calcaneus

Posterior tibiotalar part

Tibiocalcaneal part

Plantar
calcaneonavicular

ligament

Navicular

1st cuneiform bone

Dorsal talonavicular ligament

Neck of talus

Medial tubercle of talus

Sustentaculum tali

Tibialis posterior

Tibionavicular part of medial ligament

Medial (deltoid) ligament
of ankle joint

A. Medial View

Abductor hallucis
Flexor hallucis brevis

For medial (deltoid)
ligament of ankle joint

Groove for flexor
hallucis longus

Abductor hallucis

Quadratus
plantae

Tuberosity 
of navicular

Tibialis posterior

Tibialis anterior
Medial sesamoid

1st metatarsal

Sustentaculum
tali

Head of talus

Middle cuneiform

Medial cuneiform

B.

Medial malleolus

5.85 MEDIAL LIGAMENTS OF ANKLE REGION

A. Dissection. B. Bones. The joint capsule of the ankle joint is reinforced medially by the large, strong medial 

(deltoid ) ligament that attaches proximally to the medial malleolus and fans out from it to attach distally to the 

talus, calcaneus, and navicular via four adjacent and continuous parts: the tibionavicular part, the tibiocalca-

neal part, and the anterior and posterior tibiotalar parts. The medial ligament stabilizes the ankle joint during 

eversion of the foot and prevents subluxation (partial dislocation ) of the ankle joint.
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5.86 RADIOGRAPHS OF ANKLE AND FOOT
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B. Lateral View
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Calcaneus (Ca)
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C. Lateral View
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ligament

Calcaneal tendon

Fibula

Lateral malleolus

Medial malleolus (M)

Tibialis anterior

Synovial fold
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Dorsal calcaneocuboid ligament

Fibularis (peroneus) brevis

Fibularis (peroneus) longus
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*Calcaneofibular ligament

Bursa of calcaneal tendon

*Anterior talofibular ligament

Anterior tibiofibular ligament

Calcaneus

Cuboid

Tibia

Head of talus

A. Superolateral View

Calcaneonavicular ligament

Calcaneocuboid ligament

Cervical ligament

Lateral talocalcaneal ligament

Cervical
ligament

5.87 LATERAL LIGAMENTS OF ANKLE REGION

A. Dissection with foot inverted by underlying wedge. B. Lateral radiograph. 

C. Dissection. (Abbreviations refer to structures identifi ed in B.)

The ankle joint is reinforced laterally by the lateral ligament of the ankle, 

which consists of three separate ligaments: (1) anterior talofi bular ligament, a 

fl at, weak band; (2) calcaneofi bular ligament, a round cord directed postero-

inferiorly; and (3) posterior talofi bular ligament, a strong, medially directed 

horizontal ligament (see Fig. 5.83).

Ankle sprains (partial or fully torn ligaments) are common injuries. Ankle 
sprains nearly always result from forceful inversion of the weight-bearing 
plantar fl exed foot. The anterior talofi bular ligament is most commonly 
injured, resulting in instability of the ankle. The calcaneofi bular is also 
often torn.
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A.

Lateral malleolus
Medial malleolus

Grooves for tendon of flexor hallucis longus

Medial malleolar facet*

Head of talus

Lateral malleolar facet*

Malleolar fossa

Tibia

Medial tubercleLateral tubercle
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Head (for navicular
articular surface)
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Groove for tendon of
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Medial tubercleB. Lateral View C. Medial View 

*Trochlea
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ateral malleolar
facet (for fibula)

Posterior calcaneal
articular facet

(for calcaneous)

Inferior
articular
surface

Fibula

Articular facet Articular facet

Neck of talus

Superior facet
(for tibia)

5.88 ARTICULAR SURFACES OF ANKLE JOINT

A. Superior aspect of talus separated from distal ends of tibia and fi bula. The 

superior articular surface of the talus is broader anteriorly than posteriorly; 

hence the medial and lateral malleoli, which grasp the sides of the talus, tend 

to be forced apart in dorsifl exion. The fully dorsifl exed position is stable com-

pared with the fully plantar fl exed position. In plantar fl exion, when the tibia 

and fi bula articulate with the narrower posterior part of the superior articular 

surface of the talus, some side-to-side movement of the joint is allowed, 

accounting for the instability of the joint in this position. B. Lateral aspect of 

talus. The lateral, triangular articular area is for articulation with the lateral 

malleolus. C. Medial aspect of talus. The comma-shaped articular area is for 

articulation with the medial malleolus.

Fractures of the talar neck may occur during severe forceful dorsi-
fl exion of the ankle, for example, from a motor vehicle accident. In some 
cases the body of the talus dislocates posteriorly.
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Sustentaculum tali (9)
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5.89 CORONAL SECTION AND MRI THROUGH ANKLE

A. Coronal section. B. Coronal MRI (numbers in B refer to structures labeled in A ).

• The tibia rests on the talus, and the talus rests on the calcaneus; between the calcaneus and the skin are 

several encapsulated cushions of fat.

• The lateral malleolus descends farther inferiorly than the medial malleolus.

• The talocalcaneal (interosseous ) ligament between the talus and calcaneus separates the subtalar, or pos-

terior talocalcaneal joint from the talocalcaneonavicular joint.
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B. Transverse MRI
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Fibularis (peroneus) longus (7)
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Calcaneal tendon (9)
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Flexor hallucis longus (10)
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Posterior tibial artery and tibial nerve (11)
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Flexor digitorum longus (12)
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of ankle
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Talus
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ANTERIOR
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5.90 TRANSVERSE SECTION AND MRI THROUGH ANKLE

A. Transverse section. B. Transverse MRI (numbers in B refer to structures labeled in A ).

• The body of the talus is wedge shaped and positioned between the malleoli, which are bound to it by the 

medial (deltoid ) and posterior talofi bular ligaments.

• The fl exor hallucis longus muscle lies within its osseofi brous sheath between the medial and lateral tuber-

cles of the talus.

• There is a small, inconstant subcutaneous bursa superfi cial to the calcaneal tendon and a large, constant 

bursa of calcaneal tendon deep to it.
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5.91 JOINTS OF INVERSION AND EVERSION

The joints of inversion and eversion are the subtalar ( posterior talocalcaneal  ) joint, talocalcaneonavicular joint, 

and transverse tarsal (combined calcaneocuboid and talonavicular ) joint. A. Posterior and middle parts of foot 

with talus removed. B. Posterior part of foot with talus removed. The convex posterior talar facet is separated 

from the concave middle, and anterior facets by the talocalcaneal (interosseous ) ligament within the tarsal sinus.

Calcaneal fractures. A hard fall onto the heel, for example, from a ladder, may fracture the calca-
neous into several pieces, resulting in a comminuted fracture. A calcaneal fracture is usually disabling 
because it disrupts the subtalar (talocalcaneal ) joint.
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5.92 JOINTS OF FOOT

Talonavicular joint
(anterior part of talocalcaneonavicular joint)

Subtalar joint
(between talus and calcaneus)

Calcaneocuboid
joint

Intermetatarsal joints

Cuneonavicular
joint

Tarsometatarsal
joints

Interphalangeal joints

Talonavicular joint + Calcaneocuboid joint = Transverse tarsal jointSuperior View

Metatarsophalangeal joints

TABLE 5.22 JOINTS OF FOOT

Joint Type Articular Surface Joint Capsule Ligaments Movements

Subtalart Synovial (plane) joint Inferior surface of body of talus articulates 
with superior surface of calcaneus

Attached to margins 
of articular surfaces

Medial, lateral, and posterior 
 talocalcaneal ligaments support 
capsule; talocalcaneal (interosseous) 
ligament binds bones together

Inversion and eversion 
of foot

Talocalcaneo- 
navicular

Synovial joint; 
talonavicular part is 
a pivot joint

Head of talus articulates with calcaneus 
and navicular bones

Incompletely encloses 
joint

Plantar calcaneonavicular (“spring”) 
ligament supports head of talus

Gliding and rotary 
movements

Calcaneocuboid Synovial (plane) joint Anterior end of calcaneus articulates with 
posterior surface of cuboid

Encloses joint Dorsal calcaneocuboid ligament, plantar 
calcaneocuboid ligament, and long 
plantar ligament support joint capsule

Inversion and eversion 
of foot

Cuneonavicular Synovial (plane) joint Anterior navicular articulates with posterior 
surface of cuneiforms

Common joint capsule Dorsal and plantar ligaments Limited gliding movement

Tarsometatarsal Synovial (plane) joint Anterior tarsal bones articulate with bases 
of metatarsal bones

Encloses joint Dorsal, plantar, and interosseous 
ligaments

Gliding or sliding

Intermetatarsal Synovial (plane) joint Bases of metatarsal bones articulate with 
each other

Encloses each joint Dorsal, plantar, and interosseous 
 ligaments bind bones together

Little individual movement

Metatarsophalangeal Synovial (condyloid) 
joint 

Heads of metatarsal bones articulate with 
bases of proximal phalanges

Encloses each joint Collateral ligaments support capsule on 
each side; plantar ligament supports 
plantar part of capsule

Flexion, extension, and 
some abduction, adduction 
and circumduction

Interphalangeal Synovial (hinge) joint Head of proximal or middle phalanx 
 articulates with base of phalanx distal to it

Encloses each joint Collateral and plantar ligaments  support 
joints

Flexion and extension
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5.93 TALOCALCANEAL JOINT

A. Bones of foot, with “closed book” inserted in joint plane of subtalar joint. 

B. “Open book” view of the bony surfaces of talocalcaneal joints. The plantar 

surface of the talus and dorsal surface of the calcaneus are displayed as 

pages in a book.

• The joints of inversion and eversion are the subtalar (posterior talocal-

caneal ) joint, talocalcaneonavicular joint, and transverse tarsal (combined 

calcaneocuboid and talonavicular ) joint.

• The talus participates in the ankle joint, of the posterior and anterior talo-

calcaneal joints, and of the talonavicular joint.

• The posterior and anterior talocalcaneal joints are separated from each 

other by the sulcus tali and calcaneal sulcus, which, when the talus and 

calcaneus are in articulation, become the tarsal sinus.
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5.94 TRANSVERSE TARSAL JOINT

A. Bones of foot, with “closed book” inserted in joint plane of transverse tarsal joint. B. Articular surfaces of 

transverse tarsal joint. This compound joint includes the talonavicular and calcaneocuboid articulations. The 

posterior surfaces of the navicular and cuboid bones and the anterior surfaces of the talus and calcaneus are 

displayed as pages in an “open book”. The black arrow traverses the tarsal sinus, in which the talocalcaneal 

(interosseous ) ligament is located.
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C  Tarsometatarsal joint
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5.95 CUNEONAVICULAR, CUBONAVICULAR, AND TARSOMETATARSAL JOINTS

A. Bones of foot, with “closed book” inserted in indicated joint planes. 

B. “Open book” view of the bony surfaces of the cuneonavicular and cubona-

vicular joints. C. “Open book” view of the bony surfaces of the tarsometatarsal 

joints.

Metatarsal fractures (dancer’s fracture ) usually occur when the 
dancer loses balance, putting full body weight on the metatarsal. Fatigue 

fractures of the metatarsals, usually transverse, may result from pro-
longed walking with repeated stress on the metatarsals.

ANKLE, SUBTALAR, AND FOOT JOINTS
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Bunion Corns

Displacement of sesamoid bones

1st
metatarsal

Hallux
valgus

Normal axis of hallux

Bunion

Hallux valgus

B. Hallux valgus, bunion and corns Superior Views (Left Foot)

Tarsometatarsal
joint

Interphalangeal joint

Extensor hallucis longus

Flexor hallucis longus

Flexor hallucis brevisAbductor
hallucis

First metatarsal
(plantar surface)

Ridge

A. Superior View of Phalanges and Nail, Right Great Toe, Medial View of First Metetarsal

Lateral
sesamoid bone

Oblique head of
adductor hallucis

Fibularis longus

Medial sesamoid bone joint
Metatarsophalangeal

5.96 METATARSOPHALANGEAL JOINT OF GREAT TOE

A. First metatarsal and sesamoid bones of the right great toe. The sesamoid bones of the great toe (hallux ) are 

bound together and located on each side of a bony ridge on the fi rst metatarsal. B. Hallux valgus is a foot 
deformity caused by pressure from footwear and degenerative joint disease. It is characterized by lateral 
deviation of the base of the fi rst metatarsal and base of the proximal phalanx of the great toe (L. hallux  ). In 
some people, the deviation is so great that the 1st toe overlaps the 2nd toe. These individuals are unable 
to move their 1st digit away from their 2nd digit because the sesamoid bones under the head of the 1st 
metatarsal are displaced and lie in the space between the heads of the 1st and 2nd metatarsals. In addi-
tion, a subcutaneous bursa may form owing to pressure and friction against the shoe. When tender and 
infl amed, the bursa is called a bunion.

ANKLE, SUBTALAR, AND FOOT JOINTS
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Plantar intermetatarsal ligaments

Metatarsal bone

Plantar tarsometatarsal ligaments

Medial cuneiform bone

Tibialis anterior

Navicular bone

Plantar calcaneonavicular (spring) ligament

Sustentaculum tali

Medial malleolus

Tibialis posterior

Groove for tendon of flexor hallucis longus

Calcaneus

Long plantar ligament

Plantar calcaneocuboid
(short plantar) ligament

Tendon of fibularis (peroneus) longus

Cuboid bone

Plantar tarsometatarsal ligaments

Tuberosity

Tuberosity

Head of talus

Sustentaculum tali

Groove for tendon of
flexor hallucis longus

Medial tubercle

Tuberosity of calcaneus

Groove
of cuboid

Medial cuneiform

Navicular

Cuboid

A. Plantar View

B. Plantar View

5.97 LIGAMENTS OF SOLE OF FOOT

A. Dissection of superfi cial ligaments. B. Bones lying deep to ligaments of A.

In A:

• The head of the talus is exposed between the sustentaculum tali of the calcaneus and 

the navicular.

• Note the insertions of three long tendons: fi bularis (peroneus ) longus, tibialis anterior, 

and tibialis posterior.

• The tendon of the fi bularis (peroneus ) longus muscle crosses the sole of the foot in the 

groove anterior to the ridge of the cuboid, is bridged by some fi bers of the long plantar 

ligament, and inserts into the base of the fi rst metatarsal.

• Observe the slips of the tibialis posterior tendon extending to the bones anterior to the 

transverse tarsal joint.

ANKLE, SUBTALAR, AND FOOT JOINTS
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Plantar intermetatarsal ligaments

Plantar tarsometatarsal ligaments

1st cuneiform bone

Plantar cuneonavicular ligaments

Navicular bone

Plantar calcaneonavicular
(spring) ligament

Sustentaculum tali

Calcaneus

Anterior tubercle of calcaneus

Plantar calcaneocuboid
(short plantar) ligament

Plantar cubonavicular ligament

Plantar cuneocuboid ligament

Medial (deltoid) ligament

Medial (deltoid) ligament

Plantar calcaneocuboid
(short plantar) ligament

Plantar calcaneonavicular
(spring) ligament

Calcaneus

Medial cuneiform

Cuboid

Fifth metatarsal

First metatarsal

C. Plantar View

D. Plantar View

5.97 LIGAMENTS OF SOLE OF FOOT (CONTINUED   )

C. Dissection of the deep ligaments. D. Support for head of talus. The 

head of the talus is supported by the plantar calcaneonavicular ligament 

(spring ligament ) and the tendon of the tibialis posterior.

• The plantar calcaneocuboid (short plantar ) and plantar calcaneona-

vicular (spring ) ligaments are the primary plantar ligaments of the 

transverse tarsal joint.

• The ligaments of the anterior foot diverge laterally and posteriorly 

from each side of the long axis of the third metatarsal and third cunei-

form; hence a posterior thrust received by the fi rst metatarsal, as 

when rising on the big toe while in walking, is transmitted directly 

to the navicular and talus by the fi rst cuneiform and indirectly by 

the second metatarsal, second cuneiform, third metatarsal, and third 

cuneiform.

• A posterior thrust received by the fourth and fi fth metatarsals is trans-

mitted directly to the cuboid and calcaneus.

ANKLE, SUBTALAR, AND FOOT JOINTS
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474 ARCHES OF FOOT

Medial longitudinal arch

Lateral longitudinal arch

Distal phalanx

Middle phalanx

Proximal phalanx

Metatarsals
(1-5)

Medial (1st) cuneiform

Middle (2nd) cuneiform

Lateral (3rd) cuneiform

Navicular

Cuboid

Head
Neck

Body

Calcaneus

12
3

4
5

123

Talus

A. Superior View

D. Medial View

Medial Views

B. Normal Arch

C. Fallen Arch

Tibialis anterior

Tibialis posterior

Flexor hallucis longus

Fibularis longus

Intrinsic plantar
muscles

Dynamic support

(1) Plantar aponeurosis
Plantar calcaneonavicular (spring) ligament (4)

Long plantar ligament (2)

Short plantar ligament (3)

Passive support
(Four (1-4) layers)

5.98 ARCHES OF FOOT

A. Medial and lateral longitudinal arches. B. Normal arch. C. Fallen arch. 

D. Supports of the longitudinal arches. 

Pes planus (fl atfeet ). Acquired fl atfeet (“fallen arches”) are likely to 
be secondary to dysfunction of the tibialis posterior due to trauma, degen-
eration with age, or denervation. In the absence of normal passive or 
dynamic support, the  plantar  calcaneonavicular ligament fails to support 

the head of the talus. Consequently, the head of the talus displaces infero-
medially. As a result fl attening of the medial longitudinal arch occurs (C) 

along with lateral deviation of the forefoot. Flatfeet are common in older 
people, particularly if they undertake much unaccustomed standing or 
gain weight rapidly, adding stress on the muscles and increasing strain on 
the ligaments  supporting the arches.
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BONY ANOMALIES

Patella

Femur

Fabella

Fibula

Tibia

Talus

Os trigonum 

Navicular

Sesamoid bone

Tendon of tibialis posterior

Tendon of fibularis
(peroneus) longus

4

5

Cuboid

Sesamoid bones

Metatarsal

A. Posterior View

B. Superior Views

C. Lateral View

D. Posterior View

E. Lateral View

5.99 BONY ANOMALIES

A. Bipartite patella. Occasionally, the superolateral angle of the patella 
ossifi es independently and remains discrete. B. Os trigonum. The  lateral 
(posterior) tubercle of the talus has a separate center of ossifi cation that 
appears from the ages of 7 to 13 years; when this fails to fuse with the 
body of the talus, as in the left bone of this pair, it is called an os trigo-
num. It was found in Dr. Grant’s lab in 7.7% of 558 adult feet; 22 were 
paired, and 21 were unpaired. C. Fabella. A sesamoid bone in the lateral 

head of the gastrocnemius muscle was present in 21.6% of 116 limbs. 
D. Sesamoid bone in the tendon of tibialis posterior. A sesamoid bone 
was found in 23% of 348 adults. E. Sesamoid bone in the tendon of 

fi bularis (peroneus) longus. A sesamoid bone was found in 26% of 
92 specimens. In this specimen, it is bipartite, and the fi bularis (pero-
neus) longus muscle has an additional attachment to the 5th metatarsal 
bone.
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476 IMAGING AND SECTIONAL ANATOMY
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TFL
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F

FAFV

GSV

B. Transverse MRI

Iliotibial tract

Profunda femoris artery and veins of thigh

Femoral artery

Femoral vein
saphenous nerve

Gluteus maximus

Sciatic nerve Biceps femoris,
long head

Semitendinosus

Semimembranosus

Anterior and posterior
branch of obturator nerve

Vastus lateralis

Femur

Vastus intermedius

Vastus medialis

Rectus femoris

Sartorius 

Adductor longus

Adductor magnus

Gracilis

Fascia lata

Adductor brevis

A. Transverse Section

A and B

AL

Level of Section

5.100 TRANSVERSE SECTIONS AND MRIs OF THIGH

A. Anatomical section of proximal thigh. B. Transverse MRI of proximal thigh.
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IMAGING AND SECTIONAL ANATOMY

Anterior
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Head of femur
Iliotibial tract
Lateral intermuscular septum
Obturator externus
Posterior intermuscular septum
Rectus femoris
Sartorius
Semimembranosus
Sciatic nerve
Semitendinosus
Tensor fasciae latae
Urinary bladder
Vastus intermedius
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Vastus medialis
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E.E. Coronal MRI Coronal MRIE. Coronal MRI

C

Level of Section

5.100 TRANSVERSE SECTIONS AND MRIs OF THIGH 
(CONTINUED  )

C. Diagrammlatic anatomical section and transverse (axial) MRI of 

midthigh. D. Transverse (axial) MRI of distal thigh. E. Coronal MRI.

The thigh has three compartments, each with its own nerve 

supply and primary function: anterior group extends the knee and is 

supplied by the femoral nerve; medial group adducts the hip and is 

supplied by the obturator nerve; posterior group fl exes the knee and 

is supplied by the sciatic nerve.
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Gastrocnemius aponeurosis
(GA)

Plantaris (P)

Posterior tibial vessels
and tibial nerve (TV)

Flexor digitorum
longus (FDL)

Tibialis posterior (TP)

Transverse
intermuscular
septum (TIS)

Interosseous
membrane (IN)

Tibia (T)

Transverse section Posterior compartment

Lateral
compartment

Anterior
compartment

Superficial fibular nerve

Fibularis brevis (FB)

Fibularis longus (FL)

Flexor hallucis
longus (FHL)

Deep fibular nerve and
anterior tibial vessels

Extensor digitorum longus and
fibularis tertius (EDL)

Tibialis anterior (TA)

Fibular vessels

Extensor hallucis longus (EHL)

Soleus (SOL)

Posterior intermuscular
septum of leg (PC)

Anterior intermuscular
septum of leg (AC)

Fibula (F)

Level of Section

5.101 TRANSVERSE SECTION OF LEG

Boundaries of anterior, lateral, and posterior compartments of leg. Anterior compartment: tibia, interosseous mem-

brane, fi bula, anterior intermuscular septum, and crural fascia. Lateral compartment: fi bula, anterior and posterior 

intermuscular septa, and the crural fascia. Posterior compartment: tibia, interosseous membrane, fi bula, posterior 

intermuscular septum, and crural fascia. The posterior compartment is subdivided by the transverse intermuscular 

septum into superfi cial and deep subcompartments.

Compartmental infections in the leg. Because the septa and deep fascia forming the boundaries of the 
leg compartments are strong, the increased volume consequent to infection with suppuration (formation of pus) 
increases intracompartmental pressure. Infl ammation within the anterior and posterior compartments spreads 
chiefl y in a distal direction; however a purulent infection in the lateral compartment can ascend proximally into 
the popliteal fossa, presumably along the course of the fi bular nerve. Fasciotomy may be necessary to relieve 
compartmental pressure and debride (remove by scraping) pockets of infection.

IMAGING AND SECTIONAL ANATOMY
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fibular nerve
Extensor digitorum longus
Extensor hallucis longus
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Flexor digitorum longus
Flexor hallucis longus
Fibularis longus
Gastrocnemius aponeurosis
Gracilis
Gluteus maximus
Great saphenous vein
Head of fibula
Interosseous membrane
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Medial malleolus
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Soleus
Small saphenous vein
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Talus
Calcaneal tendon
Tibialis posterior
Tibial nerve and posterior tibial vessels
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SSV

FL

C. Transverse MRI

5.102 MRIs OF LEG

A., B. and C. Transverse (axial) MRIs. D. Coronal MRI.

IMAGING AND SECTIONAL ANATOMY
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Spongy bone

Compact bone

Medullary (marrow)
cavity

Femur

Transverse Sections

A. Anterior View

Tibia (T)Fibula (F)

T

F

T

F

T

F

T

T
F

Transverse Sections

B. Anterior View

Compact bone

Spongy bone

Compact bone

Spongy bone

5.103 TRANSVERSE SECTIONS THROUGH FEMUR, TIBIA AND FIBULA

A. Femur. B. Tibia and fi bula. Note the differences in thickness of the com-

pact and spongy bone and in the width of the medullary (marrow) cavity. 

Compact and spongy bones are distinguished by the relative amount of solid 

matter and by the number and size of the spaces they contain. All bones have 

a superfi cial thin layer of compact bone around a central mass of spongy 

bone, except where the latter is replaced by the medullary (marrow) cavity. 

Within the medullary cavity of adult bones and between the spicules (tra-

beculae) of spongy bone, yellow (fatty) or red (blood cell and platelet forming) 

bone marrow or both are found.

IMAGING AND SECTIONAL ANATOMY
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Palpable features of upper limb bones
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B. Posterior View
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Palpable features of upper limb bones
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Numbers: approximate age of ossification of carpal bones in years
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C. Anterior View D. Anterior View
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Perforating veins
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D. Anterior View
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C. Anterior View

Pectoralis minor

Pectoralis major
(cut)

Coracoid process
of scapula

Latissimus dorsi

Subscapularis

Humerus

Teres major

Attachment site of
serratus anterior to
medial border of scapula

2
1

Serratus
anterior

3

4

5

6

7
8

9

Subclavius

Clavicle

Clavicle
Acromion

Agur_Chap06.indd   506Agur_Chap06.indd   506 11/14/2011   3:49:35 PM11/14/2011   3:49:35 PM



Sternocleidomastoid

Jugular (suprasternal) notch

Manubrium

Manubriosternal joint (site of sternal angle)

Body of sternum

Xiphisternal joint

Pectoralis major

Pectoralis minor

Coracobrachialis

Deltoid

Teres major

Latissimus dorsi

Pectoralis major

Subscapularis

Supraspinatus

Biceps brachii (short head)
Coracobrachialis

Second costal cartilage

Pectoralis major (sternocostal head)

Xiphoid process

7th costal cartilage

Pectoralis major
(clavicular head)Deltoid

Serratus anterior

Descending part
of trapezius

Pectoralis
minor

Anterior View

Clavicular part

Acromial part

Agur_Chap06.indd   507Agur_Chap06.indd   507 11/14/2011   3:49:39 PM11/14/2011   3:49:39 PM



Thoraco-acromial artery

Lateral pectoral nerve

Clavicular branch of
thoraco-acromial artery

Clavipectoral fascia
(costocoracoid membrane)

 

Clavicular head of
pectoralis major

Deltoid branch of
thoraco-acromial artery

Pectoralis minor

Cephalic vein

Sternocostal head of
pectoralis major

Deltoid

Anterior View

Acromial branches
of thoraco-acromial vein

and artery

Latissimus dorsi

Anterior tendon

Posterior tendon

Medial pectoral
nerve

Pectoral branches of
thoraco-acromial artery

Agur_Chap06.indd   508Agur_Chap06.indd   508 11/14/2011   3:49:43 PM11/14/2011   3:49:43 PM



External jugular vein Sternocleidomastoid

Omohyoid

Internal jugular vein

Anterior jugular vein

Subclavian vein

Sternal end of clavicle

Basilic
vein

Brachial veins

Cephalic vein

Pectoralis major

Deltoid

Pectoralis minor

Suprascapular veins Dorsal scapular vein

Subclavius (cut end)

2nd rib
Biceps brachii

Brachial
artery

Axillary artery

Axillary vein

Pectoralis minor Pectoralis major

Cephalic vein

Anterior View

Agur_Chap06.indd   509Agur_Chap06.indd   509 11/14/2011   3:49:48 PM11/14/2011   3:49:48 PM



Agur_Chap06.indd   510Agur_Chap06.indd   510 11/14/2011   3:49:54 PM11/14/2011   3:49:54 PM



Axillary sheath

Axillary artery

Cords of brachial plexus

Glenoid labrum 

Subscapularis

Articular cartilage of
glenoid fossa of scapula

Infraspinatus branches of
suprascapular vessels and nerve

Subtendinous bursa of infraspinatus

Deltoid 

Subdeltoid (subacromial) bursa

Biceps brachii

Short head

Coracobrachial bursa Pectoralis
minor

Pectoralis
major

A. Transverse Section, Inferior View

Long head 

Axillary vein

Long thoracic nerve

Subtendinous bursa of subscapularis

Head of humerus 

Coracobrachialis

Clavicle

A

Pectoral
nerve

Medial

Lateral

Coracobrachialis

Axillary lymph nodes

Biceps brachii
(short and 
long heads)

Cords of brachial plexus

Axillary sheath

Long thoracic nerve

Upper subscapular
nerve

ANTERIOR

POSTERIORC. Transverse Section, Inferior View

Pectoralis major
Pectoralis minor

Intertubercular
sulcus Serratus anterior

Rib
Humerus

Scapula

Teres major
Latissimus dorsi

Subscapularis
Posterior

wall

Medial
wall

Anterior
wall

ANTERIOR

LATERAL

POSTERIOR

ANTERIOR

MEDIAL

POSTERIOR

Serr

Scapula

atus anterior

Infraspinatus

Teres minor

B. Transverse Section, Inferior View

Crest of greater tubercle

Axillary artery

Axillary vein

Axillary fat

Axilla

Lateral
wall

Agur_Chap06.indd   511Agur_Chap06.indd   511 11/14/2011   3:50:02 PM11/14/2011   3:50:02 PM



Subclavian artery

Suprascapular artery

Axillary artery

Circumflex
humeral

artery

Inferior border of
teres major

Posterior

Anterior

Circumflex scapular
artery

Ascending branch

Thoracodorsal artery

Thoracodorsal
artery

Subscapular artery

Brachial artery

A. Anterior View

Cervicodorsal trunk

Dorsal scapular artery

Inferior thyroid artery

Thyrocervical trunk

Vertebral artery 
Supreme thoracic artery

Right and left common 
carotid arteries

Brachiocephalic trunk

Arch of aorta

Internal thoracic artery

Profunda brachii artery

Superior ulnar
collateral artery

Pectoralis minor

Inferior ulnar
collateral artery

Lateral
thoracic artery

Thoraco-acromial artery

Suprascapular
artery

Rhomboid
minor

Anastomoses
with intercostal

arteries

Axillary artery

Circumflex 
scapular
branch of 
subscapular
artery

Teres major

Levator 
scapulae

B. Posterior View

Agur_Chap06.indd   512Agur_Chap06.indd   512 11/14/2011   3:50:05 PM11/14/2011   3:50:05 PM



1: First part of the axillary artery is located between the lateral border of the 1st rib and the medial border of pectoralis minor.
2: Second part of the axillary artery lies posterior to pectoralis minor.
3: Third part of the axillary artery extends from the lateral border of pectoralis minor to the inferior border of teres major, where it becomes the brachial artery.

C. Anteroposterior View
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A. Anterior View, Supination B. Anterior View, Pronation
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A. Lateral View
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Radial recurrent artery
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A. Anterior View

B. Anterior View

Brachioradialis
Pronator teres

Flexor carpi ulnarisFlexor carpi radialis

Palmaris longus

Flexor retinaculum

Biceps brachii
Brachialis

Common flexor origin

Median nerve

Medial epicondyle
of humerus
(common flexor origin)

Pronator teres

Flexor carpi radialis

Palmaris longus

Flexor carpi ulnaris

Flexor digitorum superficialis

Median nerve

Ulnar artery

Palmaris brevis

Palmar aponeurosis

Palmar digital arteries and nerves

Superficial transverse
metacarpal ligament

Superficial
palmar branch
of radial artery

Abductor
pollicis longus

Flexor pollicis longus

Superficial branch of
radial nerve

Radial artery

Brachioradialis

Radial artery

Bicipital aponeurosis
(reflected)

Musculocutaneous nerve

Brachialis
Brachial artery

Ulnar nerve

Flexor carpi radialis

Flexor carpi ulnaris

Palmaris longus

Palmar aponeurosis

Agur_Chap06.indd   562Agur_Chap06.indd   562 11/14/2011   3:53:12 PM11/14/2011   3:53:12 PM



Triceps brachii

Pronator teres

Flexor carpi radialis

Brachialis

Flexor carpi ulnaris
Flexor digitorum profundus

Nerve to

Flexor carpi ulnaris

Ulnar nerve

Flexor digitorum superficialis

Pron

Pronator quadratus

ator quadratus

Dorsal (cutaneous) branch of ulnar nerve

Dorsal carpal branch of ulnar artery

Flexor digitorum profundus

Palmaris longus

Median nerve

Persisting median artery

Flexor carpi radialis
(reflected)

(reflected)

Superficial palmar branch
of radial artery

Palmar carpal branch
of radial artery

Pronator quadratus

Flexor pollicis longus

Flexor pollicis longus

Flexor digitorum superficialis, radial head

Radial artery

Pronator teres

Biceps brachii

Brachioradialis

Superficial branch

Deep branch
Radial nerve

Radial recurrent artery

Ulnar artery

Ulnar nerve

Flexor digitorum profundus

Ulnar artery

Brachial artery

Median

Median nerve

 nerve

Reflected

Flexor digitorum superficialis

Flexor digitorum superficialis,
humero-ulnar head

B. Anterior View

A. Anterior View

Supinator

Supinator

Pronator teres

Flexor digitorum
superficialis

Agur_Chap06.indd   563Agur_Chap06.indd   563 11/14/2011   3:53:16 PM11/14/2011   3:53:16 PM



Brachioradialis

Brachialis

Medial epicondyle
of humerus

Median nerve

Flexor digitorum
superficialis (humero-
ulnar head)

Anterior
interosseous nerve

Flexor carpi ulnaris

Ulnar artery

3rd, 4th,
5th digits

Flexor 
digitorum 
profundus muscle
belly for2nd digit

Dorsal (cutaneous)
branch of ulnar nerve

Dorsal carpal branch
of ulnar artery

Pisiform

Median nerve

Deep branch of ulnar 
nerve and artery

Opponens digiti minimi

Abductor digiti minimi
Abductor pollicis

brevis

Flexor pollicis brevis

Opponens pollicis

Flexor retinaculum
(transverse carpal ligament)

Palmar radiocarpal ligament

Radial artery

Flexor pollicis longus

Flexor digitorum
superficialis

(radial head, cut)

Pronator teres (cut)

Supinator

Superficial branch

Posterior ulnar
recurrent artery

Extensor carpi radialis brevis

Musculocutaneous nerve

Extensor carpi radialis longus
Biceps brachii tendon

Brachial artery

Ulnar nerve

Anterior
interosseous artery

4th lumbrical

3rd lumbrical

Deep branch

1st lumbrical

2nd lumbrical

Median nerve

Flexor pollicis longus

Flexor digitorum
profundus

B. Anterior View

A. Anterior View

Radial
nerve

Pronator quadratus

Pronator quadratus

Agur_Chap06.indd   564Agur_Chap06.indd   564 11/14/2011   3:53:19 PM11/14/2011   3:53:19 PM



Radial nerve

Layer of fat

Tendon of biceps brachii

Ulnar nerve

Anterior interosseous nerve

Anterior interosseous nerve

Anterior interosseous artery

Common interosseous artery

Flexor carpi ulnaris

Flexor digitorum profundus

Median nerve
Pisiform bone

Ulnar nerve and artery

Abductor digiti minimi

Opponens digiti minimi

Opponens pollicis

Flexor retinaculum
(transverse carpal ligament)

Abductor pollicis longus

Radial artery

Pronator quadratus

Tendon of brachioradialis

Flexor pollicis longus

Anterior oblique line of radius

Supinator

Superficial
branch

Radial nerve

Deep branch

Ulnar nerve

Subtendinous bursa of biceps

2nd digit
3rd digit

4th digit
5th digit

Tendons of flexor
digitorum profundus

Brachialis

B. Anterior View

A. Anterior View

Pronator
quadratus

Radius

Ulna

Medial epicondyle
of humerus

Pronator teres
(distal attachment)

Agur_Chap06.indd   565Agur_Chap06.indd   565 11/14/2011   3:53:23 PM11/14/2011   3:53:23 PM



2

13

5
1

4

A

MEDIAL LATERAL

Palmaris longus tendon (reflected) (1)

B

Median nerve

Abductor pollicis longus tendon

Radial artery

Flexor carpi radialis tendon (4)

Flexor digitorum superficialis (5)

Ulnar nerve and artery

Flexor carpi ulnaris tendon (3)

Pisiform (2)

MEDIAL LATERAL

Anterior Views of Right Hand and Wrist

Agur_Chap06.indd   566Agur_Chap06.indd   566 11/14/2011   3:53:25 PM11/14/2011   3:53:25 PM



Pisiform

Palmaris longus tendon

Recurrent branch of median
nerve to thenar muscles

Tubercle of scaphoid  crossed by flexor carpi radialis

Abductor pollicis longus tendon

Median nerve

Flexor pollicis longus

Radial artery

Superficial branch of radial nerve

Brachioradialis

Palmaris longus

Flexor digitorum
superficialis tendons to:

Dorsal branch of ulnar nerve

Flexor carpi ulnaris Palmar branch of median nerve

Palmar carpal branch of radial artery

Superficial palmar branch of radial artery

Ulnar nerve
Ulnar artery

3rd digit

2nd digit

4th digit

5th digit

C. Anterior View

LATERALMEDIAL

Agur_Chap06.indd   567Agur_Chap06.indd   567 11/14/2011   3:53:27 PM11/14/2011   3:53:27 PM



Anterior Views
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P = Palmar interossei
D = Dorsal interossei
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A. Lateral view B. Anterior view C. Medial view

F. Medial view

D. Medial view E. Medial view

G.  Anterior view H. Anterior view

 I. Lateral view
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Extensors:
  8 Brachioradialis
  9 Extensor carpi radialis longus
10 Extensor carpi radialis brevis
11 Extensor digitorum
12 Extensor digiti minimi
13 Extensor carpi ulnaris
14 Abductor pollicis longus
15 Extensor pollicis brevis
16 Extensor pollicis longus and
 extensor indicis

Extensor–supinator compartment

Flexor–pronator compartment

Flexors:
1 Pronator teres
2 Flexor carpi radialis
3 Palmaris longus
4 Flexor carpi ulnaris
5 Flexor digitorum superficialis
6 Flexor digitorum profundus
7 Flexor pollicis longus

Posterior interosseous 
artery and nerve

Superficial
branch of

radial nerve

Anterior interosseous 
nerve and artery

POSTERIOR

ANTERIOR

Ulna

Radius

Antebrachial fascia

Interosseus membrane

Basilic vein

Ulnar nerve

Ulnar artery

Radial arteryCephalic vein

Median nerve

6 6

4

5

5

16
1514

11
13

12

10

19

8

2
3

7

Ulna

Radius

Interosseous
membrane

POSTERIOR

ANTERIOR

B. Transverse Section

A and B

A. Anterosuperior View

Posterior (subcutaneous) border of ulna
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AN
APL
AV

BB
BR
BV
CV
ECRB
ECRL
ECU
ED
EPB
EPL
FCR
FCU
FDP
FDS
FPL
INT
PQ
PT
R
RV
SP
U
UN

Anconeus
Abductor pollicis longus
Anterior interosseous vessels and
  nerve
Biceps brachii
Brachioradialis
Brachial vessels
Cephalic vein
Extensor carpi radialis brevis
Extensor carpi radialis longus
Extensor carpi ulnaris
Extensor digitorum
Extensor pollicis brevis
Extensor pollicis longus
Flexor carpi radialis
Flexor carpi ulnaris
Flexor digitorum profundus
Flexor digitorum superficialis
Flexor pollicis longus
Interosseous membrane
Pronator quadratus
Pronator teres
Radius
Radial vessels
Supinator
Ulnar
Ulnar vessels and nerve

Key for C, D, and E:

C

R

BB

PT

BR

SP

ED
ECU

AN

FDP

FDS

FCU

ECRL

ECRB

CV

U

BV

FCR

FDS

FCU

FDP

ECU
ED

ECRB

ECRL
R EPL

U

BR AV

INT

UV

RV

CV

APL

FPL FDP

D

UV

E

FDS

FPL

R

APL

EPB

ED

ECU

PQ

FDP

FCU

FCR

U

EPL

C

D

E

LATERAL

ANTERIOR

ANTERIOR

ANTERIOR

POSTERIOR

POSTERIOR POSTERIOR

MEDIAL

LATERAL MEDIAL

LATERAL MEDIAL
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A. Transverse MRI

T

H

C

S

16

P

19
1

2
3

4
6

5 7

8

15

14

13 12
9

11

10

18 18 18
18

17 17 17
Carpal tunnel

Lunate
(L) Scaphoid

(S)

Triquetrum (T)

Pisiform (P)

Flexor retinaculum

6

4E

D

C

V

IV

III II

I

I
I

I

8

H

P

Tm

I
Add

pollicis

TH

4

FT

P3 D4

P2 D3 D2
P1

D1

A

B. Coronal MRI

B

C&D
A
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Tz

HH
2

Tm

C
H

Carpal
tunnel

16

15

14

13 12

11

10

8

75

6
4

3
2

19

H

C Tz

Tm

HH 18
18 18

18

17 17 17

C. Transverse MRI

Median nerve (3)
Flexor retinaculum (2)

Flexor pollicis longus (4)
Thenar muscles (5)

Flexor carpi radialis (6)

Trapezium (Tm)

Extensor pollicis brevis (7)
Abductor pollicis longus (8)

Extensor pollicis longus (9)

Radial artery (10)

Trapezoid (Tz)

Extensor carpi radialis, longus (11)
and brevis (12)

Extensor digitorum (13)
Extensor indicis

Capitate (C)

Extensor digiti minimi (14)

Hamate (H)

Extensor carpi ulnaris (15)

Hypothenar muscles (16)

Flexor digitorum profundus (17)

Flexor digitorum superficialis (18)

Ulnar nerve (19)

Ulnar artery (19)

Palmaris longus (1)

D. Transverse Section

Hook of hamate (HH)

9

Ulnar
nerve

Ulnar
artery

Hamate

FDS (1–4)

FDP (1–4)

Capitate

Trapezoid

Median nerve

Flexor retinaculum

Trapezium

Flexor pollicis
longus

Flexor carpi
radialis

Common synovial sheath
of FDS and FDP

Carpal tunnel
(outlined in

purple) 
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Sesamoid bone (6)

Palmar
aponeurosis (3)

Flexor pollicis longus (4)

Abductor pollicis brevis (5)

Opponens pollicis

Princeps pollicis arteries

Extensor pollicis longus

Dorsalis indicis artery

Subaponeurotic areolar space

Extensor tendons (7)

Opponens digiti minimi

Abductor digiti minimi (8)

Flexor digitorum profundus (9)

Flexor digitorum superficialis (10)
Lumbrical (1) and

digital artery
and nerve (2)

Dorsalis pollicis artery

5th metacarpal (V)

3rd palmar interosseous (P3)

4th dorsal interosseous (D4)

2nd palmar interosseous (P2)

4th metacarpal (IV)
3rd dorsal interosseous (D3)

3rd metacarpal (III)

Adductor pollicis (AD)

1st metacarpal (I)

1st dorsal interosseous (D1)

2nd metacarpal (II)

1st palmar interosseous (P1)

2nd dorsal interosseous (D2)A. Transverse Section

5

6

B. Transverse MRI

I

D1
II

III
IV

V

8

D4
D3

D2

P3 P2

P1

AD
1 1

7

1

9 10 3

2

4

1

A

Midpalmar space

Thenar space

Flexor pollicis brevis
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M

S

B. Anteroposterior View

PP

Anterior fontanelle

Frontal (metopic) suture

Internasal suture

Intermaxillary suture

Mandibular symphysisA. Anterior View

Parietal eminence Anterior fontanelle

Frontal eminence

Anterolateral fontanelle

Maxilla

Mandible
Tympanic membrane 
in external acoustic meatus

Posterolateral fontanelle

C. Lateral View

Frontal bone

Orbital cavity

Maxilla

Mandible

Ramus of
mandible

Zygomatic bone

Occipital bone

Temporal bone
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Angle of mandible
Body of mandible
Coronal suture
Frontal bone
Lambdoid suture
Mandibular symphysis
Occipital bone
Parietal eminence
Sagittal suture
Sphenoid
Temporal bone
Maxilla
Mastoid process
Zygomatic bone

A
B
C
F
L
M
O
P
S
SP
T
X
Y
Z

Arrowheads = Membranous outline
of parietal bone

Key for B, E and F

X

A

E. Lateral View

P

T

C

F

SP

Z

X

B

A

Y

L

O

F. Lateral View

Frontal (metopic) suture

Anterior fontanelle

Coronal suture

Sagittal suture

Parietal eminence

Posterior fontanelle

Lambdoid suture

Occipital bone
D. Superior View

Frontal eminence

Parietal bone

Frontal bone
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Temporal lines

A. Anterior View

Remains of frontal suture

Glabella

Nasion

Internasal suture

Perpendicular plate of ethmoid

Vomer

Anterior nasal spine

Intermaxillary suture

Mental protuberance

Mental tubercle

Inferior border of mandible

Angle of mandible

Ramus of mandible

Zygomatic arch

Temporal fossa

Site of mandibular symphysis
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Ethmoid

Bones:

Frontal

Lacrimal

Inferior conchae

Mandible

Maxilla

Nasal

Parietal

Sphenoid

Temporal

Vomer

Zygomatic

Supra-orbital foramen/notch

Orbital cavity

Zygomaticofacial foramen

Infra-orbital foramen

Nasal cavity

Canine fossa

Incisive fossa

Ramus of mandible

Body of mandible

Mental foramen

Lacrimal bone

Vomer

B. Anterior View

Oblique line

Alveolar process of mandible

Alveolar process of maxilla

Maxillary teeth

Mandibular teeth

Infra-orbital margin

Frontal process of zygomatic bone

Zygomatic process of frontal bone

Supra-orbital margin

Superciliary arch

Frontal process of maxilla

Frontal eminence

Nasal bone

Inferior concha
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Bregma*

Pterion*

Glabella

Nasion*

Nasal bone

Lacrimal
bone

Anterior nasal spine

Mental
protuberance

Inferior border of mandible

Angle of mandible

Body of mandible

Zygomatic arch

Lambda*

A. Lateral View

Condylar process of mandible

Styloid process

Mastoid process

Temporomandibular joint

External acoustic meatus

Asterion*

Temporal fossa

Orbitomeatal
plane

Zygomaticofacial foramen

Infra-orbital foramen

Mandibular notch

Ramus of mandible

Superciliary arch

* Sutural intersections
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Ethmoid

Frontal

Lacrimal

Mandible

Maxilla

Nasal

Occipital

Parietal

Sphenoid

Sutural

Temporal

Vomer

Zygomatic

Bones:

Parietal eminence

B

Superior and inferior temporal lines

Coronal suture

Greater wing of sphenoid

Frontal
eminence

Zygomatic process 
of frontal bone

Frontal process 
of zygomatic bone

Crest of lacrimal bone

Frontal process 
of maxilla

Anterior nasal aperture

Canine fossa

Alveolar process
of maxilla

Alveolar process of mandible

Mental foramen

Mental tubercle

Oblique line

Coronoid process of mandible

Ramus of mandible

Zygomatic process of temporal bone

Tympanic part of temporal bone

Mastoid part of temporal bone

Sutural (wormian) bone

External occipital
protuberance

Superior nuchal line

Lambdoid suture

Supramastoid crest

Squamous part of temporal bone

Orbitomeatal plane

Occipital
buttresses

Frontonasal
buttress

Zygomatic arch–
lateral orbital
margin buttress

Masticatory
plates

C

Lateral Views
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P
eminence

Frontal

Mandible

Occipital

Parietal

Sphenoid

Sutural

Temporal

Bones in A, B & D:

Sagittal suture

Squamous part
of occipital bone

A. Posterior View External occipital crest

Occipital condyle

Inferior nuchal line

Mastoid process

Styloid process

Occipitomastoid suture

Superior nuchal line

Parietomastoid suture

Lambdoid suture

Lambda

External occipital
protuberance

BregmaCoronal suture

arietal

Sagittal suture

Lambda

Lambdoid suture

Superior temporal line

Inferior temporal
line

B. Superior View
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Jugular tubercle

C. Posterior View

Dorsum sellae

Posterior clinoid process

Groove for trigeminal nerve

Internal acoustic meatus

Clivus

Pit for ganglion of glossopharyngeal
nerve/cochlear aquaduct

Jugular foramen

Mastoid
process

Hypoglossal
canalForamen magnum

Occipital condyle

Superior orbital fissure

Sagittal suture

Parietal foramen 

Superior petrosal
sinus

Inferior petrosal
sinus

Sigmoid sinus

Grooves for:

D. Posterior View

Basilar part
of occipital bone

Jugular foromen

Condylar
canal
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Hamulus of medial pterygoid plate

Foramen spinosum

Tympanic plate

Stylomastoid foramen

Mastoid process

Occipital groove
(for occipital artery)

Inferior nuchal line

External occipital protuberance

External occipital crest

Occipital condyle

Mastoid notch
(for posterior belly of digastric)

Carotid canal

Foramen ovale

Zygomatic arch

Choana

Horizontal plate of palatine bone

Palatine process of maxilla

Incisive foramen

Bony part of pharyngotympanic
(auditory) tube

Greater palatine foramen

Lesser palatine foramen

Jugular foramen

Posterior nasal spine

Vomer

Infratemporal fossa

Foramen lacerum

Condylar canal

Spine of sphenoid
Styloid process

Mandibular fossa

A. Inferior View

Superior nuchal line

Pterygoid fossa

Scaphoid fossa
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Maxilla

Frontal

Occipital

Palatine

Parietal

Sphenoid

Temporal

Vomer

Zygomatic

Bones:

Alveolar process

Horizontal plate

Lateral pterygoid plate

Foramen spinosum

Jugular process

External acoustic meatus

Jugular foramen
Squamous part 
of occipital bone

Palatine suture

Vomer

Zygomatic process

Articular tubercle

Mandibular fossa

Styloid process

Basilar part of occipital bone

Mastoid process

Foramen magnum

Inferior nuchal line

External occipital
protuberance (inion)

B. Inferior View

Pharyngeal tubercle

Medial pterygoid plate

Hamulus of
medial pterygoid plate

Pterygoid canal

Occipital condyle
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A. Superior View

Crista galli

Lesser wing

Cribriform plate

of 
sphenoid bone

Petrous part

of 
temporal bone

Squamous part

of 
occipital bone

Internal occipital protuberance

(Groove for) superior sagittal sinus

Transverse sinus

Groove
 for

Posterior clinoid process

Groove for middle meningeal artery

Anterior clinoid process

Orbital part of frontal bone

Dorsum sellae

Body

Greater wing

Squamous part

Basilar part

Lateral part

Superior 
petrosal sinus

Inferior 
petrosal sinus

Sigmoid sinus

Optic canals
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Ethmoid

Frontal

Occipital

Parietal

Sphenoid

Temporal

Bones:

B. Superior View

Cerebellar fossa

Frontal crest

Cribriform plate

Optic canal

Superior orbital fissure

Anterior clinoid process

Foramen rotundum

Carotid groove

Foramen ovale

Foramen spinosum

Groove for
greater petrosal nerve

Arcuate eminence

Internal acoustic meatus

Hypoglossal canal

Groove for sigmoid sinus

Foramen magnum

Internal occipital crest

Foramen cecum

Crista galli

Ethmoidal foramina
Anterior

Posterior

Ethmoidal spine

Prechiasmatic groove

Tuberculum sellae

Hypophysial fossa

Posterior clinoid process

Dorsum sellae

Foramen lacerum

Clivus

Internal occipital protuberance

Groove for transverse sinus

Jugular foramen

Jugular tubercle

Cribiform foramina

Diplöe

Inner table of bone

Outer table of bone
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F
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E

S
S

Sr

T

V
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T

I

A
D

A

A. Anteroposterior View
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M

M

Beam

MN MN

DP
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T

Mc

A

N

M

E

S

Mn

B. Lateral View

L L

H

P
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EN
FL
FS
GL

Ethmoidal notch
Fossa for lacrimal gland
Opening of frontal sinus
Glabella

Key for A and B: Frontal Bone

NP
NS
OP
RE

Nasal part
Nasal spine
Orbital part
Root of ethmoid cells

SA
SM
SN
SO
SP

Superciliary arch
Sphenoidal margin
Supra-orbital notch
Supra-orbital foramen
Squamous part

SU
TL
TS
ZP

Supra-orbital margin 
Temporal line
Temporal surface
Zygomatic process

AM
AP
CP
HM
LI

Angle of mandible
Alveolar part
Coronoid process
Head of mandible
Lingula

Key for C and D: Mandible

ML
MN
MS
MT
NF 

Mylohyoid groove
Mandibular notch
Mental (genial) spines
Mental foramen
Mandibular foramen

NM
PF
RM
SL
SM

Neck of mandible
Pterygoid fovea
Ramus of mandible
Sublingual fossa
Submandibular fossa

B. Anterior ViewA. Inferior View

D. Lateral ViewC. Posteromedial View

NS

MNMN

ZP

TL
SN

SP

OP

AM
AM

HM

HN

HN
NM

NM
CP

SL

MS

AP

SM
ML

LI

NF

NM

CP

RM

OL
AP

MT

PF
NF

SA

NP

GLSM

TS

FL OP

RE

NP

FS

EN

SU

ZP

SO

Sup

Inf

PostAnt

Sup

Inf

LR

Ant

Post

LR

Sup

Inf

LR
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PF
MF
AT 
ZPT
CC
FL
ZF
PQ 
TG
TT
ZB
MX
IOF
PMF
ZPM
EM
GW
LP
MP
SY

Pterygopalatine fossa
Mandibular fossa
Articular tubercle
Zygomatic process of temporal bone
Carotid canal
Foramen lacerum
Zygomaticofacial foramen
Petrosquamous fissure
Tegmen tympani
Temporal bone (tympanic part)
Zygomatic bone
Maxilla
Inferior orbital fissure
Pterygomaxillary fissure
Zygomatic process of maxilla
External acoustic meatus
Greater wing of sphenoid
Lateral pterygoid plate
Medial pterygoid plate
Stylomastoid foramen

Key for B: Infratemporal Region

Key for A: Lateral Wall of Nose

CO

HP

IC

IS

IM

MC

MM

PH

PM

OS

PA

PM

SC

SE

SF

SM

SS

Choana (posterior nasal aperture)

Horizontal plate of palatine bone

Inferior nasal concha

Incisive canal

Inferior nasal meatus

Middle nasal concha

Middle nasal meatus

Pterygoid hamulus

Palatine process of maxilla

Orbital surface of frontal bone

Piriform aperture

Palatine process of maxilla

Superior nasal concha

Spheno-ethmoidal recess

Sphenopalatine foramen

Superior nasal meatus

Sphenoidal sinus

B. Infratemporal Region, Inferolateral View

TS

CC MP

LP

PF

PMF

EM

TG

MF AT

PQ
SY

TT FL

ZPT

ZB

ZF

ZPM

MX

IOF

GW

Sup

Inf

AntPost

A. Lateral Wall of Nose, Medial View

SM

PH

PA

OS

MC

SC SE
SS

SF

IS

MM

PM

IM
HP

MP

COIC

Sup

Inf

PostAnt
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AE

AT

CC

CO

EM

GM

GP

GS

IC

JF

Arcuate eminence

Articular tubercle

Carotid canal

Cochlear canaliculus

External acoustic meatus

Groove for middle temporal artery

Hiatus for greater petrosal nerve

Groove for superior petrosal sinus

Internal acoustic meatus

Jugular fossa

Key for A-D: Temporal Bone

MF

MM

MN

MP

OB

PB

PN

PT

SC

SF

Mandibular fossa

Groove for middle meningeal artery

Mastoid notch

Mastoid process

Occipital border

Parietal border

Parietal notch

Petrotympanic fissure

Supramastoid crest

Subarcuate fossa

SM

SP

SS

SY

TC

TP

TS

TT

VC

ZP

Sphenoid margin

Styloid process

Groove for sigmoid sinus

Stylomastoid foramen

Tympanic canaliculus

Temporal bone (petrous part)

Temporal bone (squamous part)

Temporal bone (tympanic part)

Vestibular canaliculus

Zygomatic process

A. Lateral View

C. Superior View

B. Medial  View

D. Inferior View

PB

GM TS

ZP

SC

EM

MF

MP

PN

TT AT

SM

SP

PB

TS

TP
SSSS

CCCC

MM

IC

AE

MP

JF

CO

MN
MF

AT

ZP

SY SP

PT

SF

TP

TP

TC

GS

PB

ZP

TS

MM

GP

AE
GS

SS

VCIC

SP

OB
CO

Sup

Inf

AntPost

Sup

Inf

PostAnt

Lat

Med

PostAnt

Lat

Med

AntPost
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AC

CG

CS

DS

ES

Anterior clinoid process

Carotid sulcus

Prechiasmatic sulcus

Dorsum sellae

Ethmoidal spine

Key for A-D: Sphenoid Bone

FO

FR

FS

GWC

GWI

Foramen ovale

Foramen rotundum

Foramen spinosum

Greater wing (cerebral surface)

Greater wing (infratemporal surface)

GWO

GWT

H

LP

LW

Greater wing (orbital surface)

Greater wing (temporal surface)

Hypophysial fossa

Lateral pterygoid plate

Lesser wing

B. Anterior View

A. Posterior View

GWT
SF

SF
SF

SF
GWO

SS
SS

LP

GWC

SP

DS

SC

VP

MP

MP

LP

PP

LW

PH
PN

VP
PC

PL
AC

FR

LW
LW

PC

FS

Sup

Inf

LR

Sup

Inf

RL
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MP
OC
PC
PF
PH

Medial pterygoid plate
Optic canal
Pterygoid canal
Pterygoid fossa
Pterygoid hamulus

Key for A-D: Sphenoid Bone (Continued)

PL
PN
PP
SC
SF 

Posterior clinoid process
Pterygoid notch
Pterygoid process
Scaphoid fossa
Superior orbital fissure

SP
SS
TS
VP

Spine of sphenoid bone
Sphenoidal sinus (in body of sphenoid)
Tuberculum sellae
Vaginal process

C. Superior View

D. Inferior View

ES

PL

DS

H

TS

CS

AC

CG

FR

GWC

FO

FS

GWC OC OC

LWLW

FS

FO

TI

GWO

GWT

MP

PH

LP

PF

VP

Ant

Post

RL

Ant

Post

LR
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Auriculotemporal
nerve (CN V3)

Frontal branch of superficial 
temporal artery

Frontal belly of occipitofrontalis

Supra-orbital vein

Orbicularis oculi

Corrugator supercilii

Levator labii superioris alaeque nasi

Procerus

Nasalis (transverse part)

Lateral nasal branch 
of facial artery

Levator labii superioris

Levator anguli oris

Zygomaticus major

Mentalis

Depressor labii inferioris

Depressor anguli oris
Facial vein

Facial artery

Parotid duct

Transverse facial artery

Zygomatic arch

Superficial temporal
artery

Buccinator

Platysma

Superficial temporal
vein

Temporal fascia

Auricularis superior

Parotid gland

Masseter

 Lateral View
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Posterior
auricular

Auriculotemporal nerve (CN V3)

Auricularis superior

Superficial temporal artery

Orbicularis oculi

Zygomaticus major

Transverse facial artery

Parotid duct

Buccal nerve (CN V3)

Buccinator

Depressor anguli oris

Facial arteryFacial vein

External jugular vein

Great auricular nerve
(C2, C3)

Parotid gland

Muscle

Auricularis anterior

Masseter

Platysma

Artery

Nerve

Lymph node
Vein

T

T

Z

B

M

C

 Lateral View
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O

O

P

P

BA C

Occipitofrontalis

Buccinator + orbicularis oris

Dilators of mouth:
Risorious plus levator labii superioris

+ depressor labii inferioris

Corrugator supercilii Procerus + transverse part of nasalis Orbicularis oculi

Nose (N)
N

Lev. labii sup. alaeque nasi +
alar part of nasalis

Levator labii sup. + depressor labiiRisorius + depressor labii inferiorisRisoriusZygomaticus major + minor

Orbicularis oris Depressor anguli oris Mentalis Platysma

D Anterior Views
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Levator labii superioris

Epicranial aponeurosis

Frontal belly
of occipitofrontalis

Temporal 

Orbicularis oculi

Zygomatic

Orbicularis oris
Buccal

Buccinator
Parotid gland

Marginal mandibular
Cervical

Platysma

Facial nerve exiting 
stylomastoid foramen

Occipital belly of
occipitofrontalis

Posterior auricular
Nasalis

Epicranial aponeurosis

Frontal belly of
occipitofrontalis

Orbicularis
oculi

Corrugator
supercilii

Levator labii superioris
alaeque nasi

Nasalis
Levator labii superioris

Orbicularis oris

Platysma

Buccinator

Orbital part
Palpebral part

Zygomaticus minor

Risorius

Depressor anguli oris
Depressor labii inferioris

Mentalis

Levator
anguli

oris

A. Anterior View B. Lateral View

Auricularis
muscles 

Bold = Branches of facial nerve (motor) 

Zygomaticus major
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Anterior View

Infratrochlear
nerve (CN V1)

Procerus Corrugator supercilii

Frontal belly of occipitofrontalis

Medial palpebral ligament

Levator palpebrae superioris

Lacrimal gland

Lateral palpebral ligament

Levator anguli oris

Buccal fat pad

Masseter

Depressor anguli oris reflectedMentalis

Mental nerve (CN V3)

Depressor anguli oris

Platysma

Buccal nerve (CN V3)

Infra-orbital nerve (CN V2)

Zygomaticofacial
nerve (CN V2)

Orbital septum

Inferior tarsal plate

Superior tarsal plate

Lacrimal nerve (CN V1)

Orbital septum

Supra-orbital nerve (CN V1)

Supratrochlear nerve (CN V1)

Zygomaticus minor

Levator labii superioris

Levator labii superioris alaeque nasi

Orbicularis oris

Buccinator

Parotid duct
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Infra-orbital

Great auricular
(C2,C3)

Zygomaticofacial

Zygomatico-
temporal

Buccal

Auriculotemporal

Mental

Lacrimal

CN V1

Supratrochlear

Supra-orbital

Infratrochlear

External nasal

CN V2

CN V3

A. Anterior view

Greater
occipital (C2)

Lesser occipital
(C2,C3)

Third occipital (C3)

Great auricular
(C2,C3)

Supra-orbital

Infratrochlear

External nasal

Zygomatico-
temporal

Buccal

Auriculo-
temporal

Mental

Lacrimal

Supratrochlear

Zygomatico-
facial

Infra-orbital

CN V1

CN V2

CN V3

Trigeminal nerve (CN V)

  
  

 S
pi

na
l n

er
ve

s 

B. Lateral View (Cervical plexus)

Anterior
rami

Posterior
rami
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Supra-orbital artery*

Superficial temporal 
artery

Posterior auricular 
artery

Occipital artery

Posterior auricular
artery

Internal carotid
artery

Common
carotid artery

External
carotid artery

Superficial temporal artery

Occipital artery

Supratrochlear artery*

Angular artery

Transverse facial artery

Lateral nasal artery

Maxillary artery

Superior

Facial artery

Mental artery

*Source= internal carotid artery (ophthalmic artery); all other labeled 
 arteries are from external carotid

A. Superior View

B. Lateral View

Supratrochlear artery*

Supra-orbital artery*

Inferior

Labial
arteries
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Superior and inferior ophthalmic veins

Supratrochlear vein

Supra-orbital vein

Angular vein

Superior palpebral vein

External nasal vein

Superior labial vein

Deep facial vein

Inferior labial vein

Submental vein

Facial vein

Common facial vein

Cavernous sinus

Superficial temporal vein

Pterygoid venous plexus

Maxillary vein

Retromandibular vein

Posterior auricular vein

Anterior branch

Posterior branch

Internal jugular vein

External jugular vein

Inferior palpebral vein

Lateral View
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Skin

Connective
tissue

Aponeurosis
(epicranial)

Loose areolar
tissue Pericranium

Bone

A. Superolateral view

Epicranial aponeurosis

Epicranial aponeurosis

Loose areolar tissue
Pericranium

Diploë of parietal bone

Mater
Dura

Arachnoid
Pia Cerebral cortex

Deep
layer

Temporalis
fascia

Temporalis

Occipitalis

Frontalis

Fat pad

Superficial
layer

B. 

Occipital
diploic vein

Posterior temporal
diploic vein

Anterior temporal diploic vein

Frontal
diploic vein

D. Lateral View

Supratrochlear
nerve (CN V1) Supratrochlear artery

Supra-orbital artery

Superficial 
temporal artery

Posterior
auricular
artery

Occipital artery

Third occipital nerve (C3)

Lesser occipital
nerve (C2, C3)

Greater occipital
nerve (C2)

Auriculotemporal
nerve (CN V3)

Zygomaticotemporal
nerve (CN V2)

Supra-orbital
nerve (CN V1)

C. Superior View

Diploë

Outer table
of bone
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Anterior branch of middle
meningeal artery

Posterior branch of
middle meningeal artery

Foramen spinosum traversed
by middle meningeal artery

(seen through sphenoidal sinus)

Superficial temporal artery

External carotid artery

Middle meningeal artery

Maxillary artery

Anterior branch of 
middle meningeal artery

Pterion

Nasion

External acoustic
meatus

Suprameatal spine

Mastoid antrum

External occipital
protuberance

Opening into middle
cranial fossa

Posterior branch of middle
meningeal artery

A. Medial View, left half of bisected cranium

B. Lateral View
C. Lateral View

Transverse sinus

Sigmoid sinus
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Superior sagittal sinus

Arachnoid
granulations

Cerebral cortex

Falx cerebri
(cerebral falx)

Cerebral artery in
subarachnoid space

Inferior sagittal sinus

Pia 
Arachnoid 

Dura
Mater

Diploë of parietal bone

Pericranium

Loose areolar tissue

Aponeurosis (epicranial)

Connective tissue

Skin

Scalp

A. Coronal Section

Arachnoid
granulation

Calvaria

Periosteal layer

Meningeal layer

Arachnoid mater

Pia mater

Cerebral artery

Falx cerebri

Dura
mater

B. Coronal Section

Middle
meningeal artery Extradural

hematoma

Calvaria

Dura

C. Coronal Section

Subdural
hematoma Arachnoid

Cerebral vein
Superior 
sagittal sinus

Calvaria

Dura

D. Coronal Section E. Coronal Section

Artery 

Subarachnoid
hemorrhage

 
 

Arachnoid Pia

Subarachnoid
space
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POSTERIOR

ANTERIOR

Periosteal layer of dura

Meningeal layer of dura

Arachnoid

Superior sagittal sinus, opened

Anterior Branches of
middle meningeal 
artery and vein

Opened to
show arachnoid
granulations Lateral venous lacunae

Closed

Posterior

Superior View
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Superior sagittal sinus

Supra-orbital vein

Superior ophthalmic vein

Cavernous sinus

Inferior ophthalmic vein

Pterygoid venous plexus

Maxillary vein

Facial vein

Basilar venous plexus (sinus)

Sigmoid sinus

Occipital sinus

Falx cerebelli (cerebellar falx)

Superior petrosal sinus

Tentorium cerebelli
(cerebellar tentorium)

Transverse sinus

Straight sinus

Great cerebral vein

Inferior sagittal sinus

Falx cerebri (cerebral falx)

Inferior petrosal sinus

A. Medial View

Intercavernous sinus

Transition of sigmoid
sinus into internal
jugular vein

Great cerebral vein

Tentorial notch

Tentorium cerebelli

Right transverse sinus

Inferior sagittal sinus

Superior ophthalmic vein

Sphenoparietal sinus

Cavernous sinus

Superior petrosal
sinus

Inferior petrosal
sinus

Sigmoid sinus

Straight sinus

Superior sagittal sinusB. Superior View

 Internal vertebral venous plexus

Basilar venous plexus
(sinus)

Agur_Chap07.indd   645Agur_Chap07.indd   645 11/15/2011   4:01:58 PM11/15/2011   4:01:58 PM



Olfactory

Superior petrosal sinus

Superior sagittal sinus

Olfactory nerves
(CN I)

Optic nerve (CN II)

Internal carotid artery

Oculomotor nerve (CN III)

Basilar artery

Trochlear nerve (CN IV)

Abducent nerve (CN VI)

Trigeminal nerve
(CN V)

Vertebral artery

Hypoglossal nerve (CN XII)

Tentorium cerebelli
(cerebellar tentorium)

Inferior sagittal sinus

Superior sagittal sinus

 Straight sinus
Falx cerebri (cut edge)

Transverse sinus

Spinal accessory nerve (CN XI)

Sigmoid sinus

Vagus nerve (CN X)

Glossopharyngeal
 nerve (CN IX)

Facial nerve
 (CN VII)

Vestibulocochlear
 nerve (CN VIII)

Trigeminal ganglion

Middle meningeal artery

Mandibular nerve
(CN V3)

Maxillary nerve
(CN V2)

Ophthalmic nerve
(CN V1)

Infundibulum
(stalk of pituitary gland)

Bulb 
Tract

Superior View
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Olfactory bulb
(olfactory nerves that enter olfactory bulb not shown)

Olfactory tract

Optic tract

Oculomotor nerve (CN III)

Trochlear nerve (CN IV)

Sensory root

Motor root
Trigeminal nerve (CN V)

Abducent nerve (CN VI)

Facial nerve (CN VII)

Intermediate nerve (CN VII)

Vestibulocochlear nerve (CN VIII)

Olive
Glossopharyngeal nerve (CN IX)

Vagus nerve (CN X)

Spinal accessory nerve (CN XI)
Anterior rootlets of C1 nerve

Cerebellum

Hypoglossal nerve (CN XII)

Choroid plexus of 4th ventricle

Midbrain

Mammillary body

Infundibulum

Temporal pole

Optic nerve (CN II)

Spinal cord

Pons

Pyramid

Inferior (ventral) View

Optic chiasm
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Olfactory bulb

Olfactory tract

Prechiasmatic groove

Optic nerve (CN II)

Anterior clinoid process

Oculomotor nerve (CN III)

Red nucleus

Oculomotor nucleus

Cerebral aqueduct

Superior colliculus

Cerebellum

Superior cerebellar artery

Trigeminal nerve (CN V)

Trochlear nerve (CN IV)

Posterior communicating artery

Internal carotid artery

Infundibulum

Posterior cerebral artery

Trochlear nerve (CN IV)

Midbrain

Dorsum sellae

Fibers of oculomotor nerve

Superior View

(Free border of) tentorium cerebelli

Diaphragma sellae (sellar diaphragm)

Tentorium cerebelli (cerebellar tentorium)
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B. Coronal Section

Infundibulum
Diaphragma sellae

Anterior clinoid process

Oculomotor nerve
(CN III)

Trochlear nerve
(CN IV)

Abducent nerve
(CN VI)

Cavernous sinus
Dura mater

Sphenoidal sinus

Maxillary nerve
(CN V2)

Ophthalmic nerve
(CN V1)

Internal carotid artery
(ICA)

Hypophysis

Foramen
ovale

Superior orbital
fissure

Foramen rotundum

Maxillary nerve (CN V2) 
Mandibular nerve

(CN V3) 

Ophthalmic nerve
(CN V1) 

Superior colliculi

Posterior clinoid
process

Internal carotid artery

Infundibulum

Anterior clinoid process

Supratrochlear nerve (CN V1)

Supra-orbital nerve (CN V1)

Levator palpebrae superioris

Frontal nerve (CN V1)

Lacrimal nerve
(CN V1)

Abducent nerve (CN VI)

Oculomotor nerve (CN III)

Trochlear nerve (CN IV)

Middle meningeal artery

GreaterPetrosal nerves

Trigeminal ganglion

Sensory root of
trigeminal nerve (CN V)

Superior
 cerebellar artery

Trochlear
 nerve (CN IV)

Inferior colliculi

Posterior cerebral artery

Lesser Ophthalmic nerve (CN V1)
Maxillary nerve (CN V2)

Mandibular nerve (CN V3)

Mouth of trigeminal cave

Optic nerves (CN II)

A. Lateral View
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Anterior clinoid processes

Internal carotid artery
within cavernous sinus

Plane of
coronal section

Superolateral View

Hypophysial fossa

Direction
of view
in B

Cerebral

Parts of ICA in B:

Cavernous
Petrous

Cervical

B. Posterior View (of anterior part following

      bisection in coronal plane) 

A. Lateral View

Posterior clinoid processes

Infundibulum

Optic nerve (CN II)

Trochlear nerve (CN IV),
reflected

Anterior clinoid process

Nasociliary nerve
Frontal and lacrimal
nerves

CN V1
Abducent nerve (CN VI)

Maxillary nerve (CN V2)

Trigeminal nerve (CN V),
retracted

Motor root

Sensory root
Cut edge of dura mater

Mandibular nerve (CN V3)

Greater petrosal nerve

Internal carotid artery (ICA)

Free edge of
tentorium cerebelli

Midbrain

Oculomotor nerves (CN III)

Oculomotor nerve (CN III)

Anterior clinoid process
Superior orbital
  fissure

Middle cranialMiddle cranial
fossafossa

Styloid process

Oculomotor nerve
(CN III)

Optic nerve (CN II) 

Optic canal

Hypophysial fossa

Trochlear nerve
(CN IV)

Dorsum sellae

Abducent nerve
(CN VI)

Foramen lacerum
(closed by cartilage)

Cervical part of ICA

Carotid sympathetic
plexus

Internal opening of carotid canal
External opening
of carotid canal

Petrous part
of ICA in
carotid canal

Middle cranial
fossa

Cavernous
part of ICA

Cerebral part of ICA
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Olfactory bulb 

Frontal lobe

Anterior cerebral artery

Anterior communicating artery *

Anterior cerebral artery *

Middle cerebral artery

Posterior communicating artery *
Oculomotor nerve (CN III)

Sensory root
Motor root

Basilar artery

Labyrinthine artery

Posterior inferior

Trigeminal
nerve (CN V)

Cerebellar
arteries

Vertebral artery

Anterior spinal artery

Hypoglossal nerve (CN XII)

Spinal accessory nerve (CN XI)

Vestibulocochlear nerve (CN VIII)

Abducent nerve (CN VI)

Superior cerebellar artery

* Posterior cerebral artery

Internal carotid artery

Temporal lobe

Optic nerve (CN II)

Corpus callosum

Anterior inferior

Longitudinal cerebral fissure

Olfactory tract

Temporal pole

Facial nerve (CN VII)

Glossopharyngeal nerve (CN IX)

Vagus nerve (CN X)

Inferior (ventral) View
* Components of cerebral arterial circle (Willis)

Agur_Chap07.indd   652Agur_Chap07.indd   652 11/15/2011   4:02:25 PM11/15/2011   4:02:25 PM



Anterior cerebral artery

Blood is supplied to the cerebral hemispheres by the:

Middle cerebral artery
Posterior cerebral artery

Anterior communicating*

Anteromedial central

Anterolateral central
striate (lenticulostriate)

Anterior choroidal

Posteromedial central

Distal medial striate

*Anterior cerebral

Anterior cerebral

Ophthalmic

Internal carotid

Hypophysial

Middle
cerebral

*Posterior cerebral

Posterolateral
central

Superior cerebellar

Pontine

Labyrinthine
Basilar

Anterior inferior
cerebellar

Vertebral

Posterior inferior
cerebellar

Anterior spinal

*Posterior communicating

A. Inferior (Ventral) View

 B. Lateral View

C. Medial View* Components of cerebral arterial circle (Willis)
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Anterior cerebral artery
Middle cerebral artery 
Internal carotid artery
Ophthalmic artery
Vertebral artery on posterior
arch of atlas
Vertebral artery entering skull
through foramen magnum
Posterior inferior cerebellar
artery
Anterior inferior cerebellar
artery
Basilar artery
Superior cerebellar artery
Posterior cerebellar artery
Posterior communicating
artery

A
M
C
O
1

2

3

4

5
6
7
8

Key for A, B and C:

A. Postero-anterior View

A

A

C

C

C

C

M

M

B. Lateral View

A A

C

C

C

C

M

M

O

A

C. Lateral View

6

8

2

3

1

5

7

4

7

7
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CS Carotid siphon RC Right common carotid artery

LC Left common carotid artery

BA Basilar artery

MCA Middle cerebral artery

ACA Anterior cerebral artery

ACM Anterior communicating artery PCM Posterior communicating artery

PCA Posterior cerebral artery

AR Arch of aorta

BT Brachiocephalic trunk

LS Left subclavian artery

RS Right subclavian artery

ICA Internal carotid artery

ECA External carotid artery

VA Vertebral artery

Key for A and B:

A. Anterior View

B. Anterior View

ACA

ACA

ACA

ACA ACA

BA

BA
CS CS

ICA

ECA

PCA
PCA

VA
VA

ACM

PCM

ACA

AR

BT

CS
CS

ECA

ICA

ICA
ICA

ICA

LC

LC

LS

LS

MCAMCA

MCA

MCA

RC

RS VA

VA

VA VA

*Anterior communicating artery

C. Schematic Diagram

Anterior communicating vein

*Anterior cerebral artery

Anterior cerebral artery

Anterior cerebral vein

Internal carotid artery

Middle cerebral artery

Deep middle cerebral vein

Basal vein

*Posterior cerebral artery

Basilar artery

*Posterior communicating artery Posterior
communicating vein

Internal
cerebral vein

Great cerebral vein
(Vein of Galen)

* Components of cerebral
arterial circle (Willis)
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Optic canal
Supra-orbital notch

Nasal bone

Anterior
ethmoidal
foramina

Posterior 
ethmoidal
foramina

Lacrimal bone

Crest of frontal process of maxilla

Posterior lacrimal crest

Lacrimal groove
(location of lacrimal sac)

Orbital process of palatine bone

Infra-orbital foramen

Infra-orbital groove

Infra-orbital suture

Superior orbital fissure

Lacrimal foramen

Lesser wing

Greater wing

Inferior orbital fissure

Frontal bone

Sphenoid bone

Ethmoid bone

Maxillary boneInfra-orbital canal

Zygomatic bone

Palpebral conjunctiva
of inferior eyelid

reflecting onto eyeball
at inferior conjunctival

fornix, becoming
bulbar conjunctiva

Lateral angle
of eye

Bulbar conjunctiva
covering sclera

Iris Pupil
Semilunar

conjunctival fold
Lacrimal caruncle

in lacus lacrimalus 
Medial angle
of eyeCorneoscleral junction

Conjunctival
blood

vessel

B. Anterior View C. Lateral View

Iris as seen
through cornea 

Lateral angle
of eye

Bulbar conjunctiva
covering sclera

Superior (upper)
eyelid

A. Anterior View

Zygomaticofacial foramen
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Postsynaptic sympathetic fibers
Presynaptic parasympathetic fibers
Postsynaptic parasympathetic fibers
General sensory fibers

Superior oblique

Frontal sinus, opened

Levator palpebrae superioris

Superior rectus

Frontal nerve
Trochlear nerve (CN IV)

Posterior ethmoidal cell (mucosa)

Anterior clinoid process
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Lacrimal nerve

Levator palpebrae superioris
and aponeurosis

Frontal nerve

Lacrimal gland

Conjunctival sac 

Lateral rectus (cut)

Nerve to inferior oblique

Zygomaticofacial nerve

Inferior rectus

Infra-orbital nerve

Sphenopalatine artery

Foramen rotundum
Oculomotor nerve (CN III), inferior branch

Lateral rectus
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Ophthalmic
artery

Nasociliary
nerve

Ciliary ganglion
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Short ciliary nerve
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Zygomatic bone
Infra-orbital artery

Maxillary nerve (V2)

Maxillary artery

Maxillary nerve (V2)

Abducent nerve (CN VI)

Dural sheath covering optic nerve

B. Lateral View
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A. Lateral View

Agur_Chap07.indd   660Agur_Chap07.indd   660 11/15/2011   4:03:03 PM11/15/2011   4:03:03 PM



D. Sagittal MRI Section, Lateral View
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E. Sagittal Section , Medial View
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E. Pattern of movement of pupil used for
clinical testing of extra-ocular muscles.
Patient is asked to follow movement of
examiner’s finger, tracing and “H” pattern.
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Levator palpebrae superioris

Superior oblique

Optic nerve fascicles

Ophthalmic artery

Oculomotor nerve
(CN III)

Inferior rectus

Inferior oblique

Medial rectus

B. Anterior View
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B. Transverse Section
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Inferior temporal retinal arteriole
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Internal carotid artery

Superficial temporal vein
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Hypoglossal nerve (CN XII)

External carotid artery
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A. Lateral View

B. Lateral View
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External carotid artery

External acoustic meatus

Auricular branch of vagus nerve (CN X)
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Temporalis

Orbicularis oculi
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Parotid duct
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Facial vein
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A. Lateral View
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Temporalis
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Maxillary nerve (CN V2)
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Maxillary nerve (CN V2)
(emerging from foramen rotundum)

Infra-orbital nerve (CN V2) 

Posterior superior alveolar nerve (CN V2)

Descending palatine artery
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Mandibular

Parts of maxillary artery:

Pterygoid
Pterygopalatine

Lateral pterygoid

Sphenopalatine artery
(passing medially in pterygopalatine fossa)

Infra-orbital artery

Posterior superior alveolar artery
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Descending palatine artery
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Pterygoid branch

Masseteric branch

Inferior alveolar artery

External carotid artery
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 Deep auricular artery

 External acoustic meatus
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A. Lateral View

Mental branch
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Dental branches

B. Lateral View
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Ophthalmic nerve (CN V1)

Maxillary nerve (CN V2)

Infra-orbital nerve

Posterior superior alveolar
nerve

Pterygopalatine ganglion
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Buccal nerve
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Mandibular nerve (CN V3)

Trigeminal ganglion (CN V)

Deep temporal nerves

Pterygopalatine fossa

Nerve to mylohyoid

Nerve to
mylohyoid

A. Lateral View
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Lateral pterygoid

Medial pterygoid

Temporalis

Zygomatic arch, cut

Coronoid process
of mandible

Zygomatic arch

Temporalis

Masseter

Lateral Views

A B C
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A. Elevation of mandible B. Depression of mandible C. Retrusion D. Protrusion

E. Protrusion F. Lateral movement to right side G. Lateral movement to left side

Anterior Views

Lateral Views
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A

Temporalis

Superficial temporal artery

Superficial parotid lymph node

Branches of facial nerve

Neck of mandible

Transverse facial artery

Deep parotid lymph node
Medial pterygoid

Sphenomandibular ligament

Lateral pterygoid (attaching to mandible
and articular capsule and disc)

Spine of sphenoid

Levator veli palatini

Pharyngotympanic tube

Internal carotid artery

Trigeminal ganglion in trigeminal cave

Cavernous sinus

Roof of mandibular fossa

Articular disc
Cavities of temporomandibular joint

LATERAL

MEDIAL

Maxillary artery

Auriculotemporal nerve 

Head of mandible

Parotid gland

A. Coronal Section

Joint capsule

Lateral ligament

Stylomandibular ligament

Angle of mandible

B. Lateral View

Spine of sphenoid

Styloid process

Sphenomandibular ligament

Stylomandibular ligament

Angle of mandible

C. Medial View

TMJ
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Sagittal CT Sagittal MRI

Sagittal CT Sagittal MRI
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Submandibular

Jugulodigastric

Jugulo-omohyoid

Deep cervical

Retropharyngeal Submental

Infrahyoid

Fungiform

Epiglottis

Lingual nodules
of lingual tonsil
Foramen cecum

Palatopharyngeus

Palatine tonsil

Palatoglossus

Terminal sulcus 

Vallate

Foliate

Filiform
Lingual
papillae

A. Superior View

Palatoglossus
 (vagus nerve, CN X)

Internal branch of superior laryngeal nerve

Glossopharyngeal nerve (CN IX,
general and special sensory)

Overlapping nerve supply

Lingual nerve (CN V3, 
general sensory)
Chorda tympani (CN VII, 
special sensory)

Sensory nervesMotor nerves

All other muscles
 of tongue

 (hypoglossal
nerve, CN XII)

B. Superior View

To superior deep cervical lymph nodes

To submental lymph nodes

To inferior deep
cervical lymph
nodes

To submandibular
lymph nodes

C. Superior View

Internal jugular vein
(IJV)

D. Lateral View
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Midline groove of tongue

Root of tongue

Body of tongue

Apex
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Styloglossus
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Stylohyoid ligament
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SS Superior sagittal sinus
ST Straight sinus
SV Superior vermis
T Thalamus
TC Tail of caudate nucleus
TL Temporal lobe
To Cerebellar tonsil
TR Trigone of lateral
 ventricle
TT Tentorium cerebelli
TV Third ventricle
VA Vertebral artery
W White matter
Y Hypophysis
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H

Mammillothalamic fasciculus

Anterior thalamic nucleusClaustrum

Corpus callosum

Medial thalamic nucleus

Inferior horn of lateral ventricle

Reticular nuclei

Stria terminalis

Internal capsule

Optic tract
Third ventricle

Fornix

Caudate nucleus

Lateral thalamic nucleus

Lenticular fasciculus

Fornix

Amygdaloid nucleus

Globus pallidus

Putamen

Insula

Lentiform
nucleus

External capsule

Extreme capsule

Pes hippocampi

Body of lateral ventricle

Interthalamic adhesion

G

Posterior commissure

Internal cerebral vein

Corpus
callosum

Dentate gyrus

Caudate nucleus

Ventral tegmental decussation

Red nucleus

Cerebral crus

Body of
lateral ventricle

Suprapineal recess

Substantia nigra

Fornix

Hippocampus

Inferior horn of
lateral ventricle

Insula

Stria terminalis

Tail of
caudate nucleus

Pons

Fornix

Stria terminalis

Medial geniculate nucleus
Lateral geniculate nucleus

A
B+G

C D
E+H

F

Thalamus

Site of coronal
scans and sections
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CalCal

CSCS

A

ACA
B

CG

F

T

H

M

MO

S
PO

ST
Cal

To

SC

BA

FM

F

C1

Y

SV

FV

C

CS

PI
GC

CQ

Cb

B

FP

D

C1

PA
MO

To

Cb

ST
BA

R

HC

T

GC
BV

B

AH
CS

SC

Cal

PO

FM

S

PD
MD

P

C

FP

TP

Cb
OP

G

W
STS

MCA

SF

TS

A B C

MO

Sagittal Sections

IN

ACA Anterior cerebral artery
AH Anterior horn of lateral ventricle
B Body of corpus callosum
BA Basilar artery
BV Body of lateral ventricle
C Colliculi
C1 Anterior tubercle of atlas
Cal Calcarine sulcus
Cb Cerebellum
CG Cingulate nucleus
CQ Cerebral aqueduct
CS Cingulate sulcus
D Dens (odontoid process)
F Fornix
FM Foramen magnum
FP Frontal pole
FV Fourth ventricle
G Cerebral cortex (gray matter)
GC Genus of corpus callosum
H Hypothalamus
HC Head of caudate nucleus
I Infundibulum
IN Insular cortex
M Mammillary body
MCA Middle cerebral artery
MD Midbrain
OP Occipital pole
P Pons
PA Pharynx
PD Cerebral peduncle
PI Pineal
PO Parieto-occipital fissure
R Rostrum of corpus callosum
S Splenium of corpus callosum
SC Spinal cord
SF Superior frontal sulcus
ST Straight sinus
STS Superior temporal sulcus
SV Superior medullary vellum
T Thalamus
To Cerebellar tonsil
TP Temporal pole
TS Transverse sinus
W White matter
Y Hypophysis
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Skin

Subcutaneous tissue

Epicranial aponeurosis

Pericranium

Tentorium cerebelli

External occipital 
protuberance

Internal occipital 
protuberance

Atlas (posterior arch)

Dens of axis

Epiglottis

Posterior wall of pharynx

Superior cerebral vein

Great cerebral vein

Midbrain

Pons

Cerebellum

Falx cerebelli

Medulla oblongata

Axis

Vertebral body C6
Thyroid cartilage

Mandible

Mylohyoid

Geniohyoid

 Hard palate

Cribriform plate of ethmoid bone

Frontal sinus

Septum pellucidum

Superior sagittal sinus

Falx cerebri

Corpus callosum

Fornix

Nasal septum

Pharyngeal tonsil

Tongue

Hyoid

Vocal fold

Anterior cerebral artery

Foramen magnum

 Soft palate

Cerebellar tonsil
(herniated)

Fourth ventricle

D. Median Section
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Platysma

A   Anterior part
I    Intermediate part
P   Posterior part

P
I A

P

P
I

I

A

A

Mentalis

Branches of transverse cervical nerve (C2 and C3)

Supraclavicular nerves (C3 and C4)

Depressor labii inferioris Depressor anguli oris

A.

Platysma

Platysma

B.

Anterior Views
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Deep cervical fascia:

* Buccopharyngeal fascia is a component of
   the pretracheal layer

Subcutaneous tissue of neck
(superficial cervical fascia)

Investing layer

Pretracheal layer * 

Prevertebral layer

Alar fascia and carotid sheath

** In visceral compartment of neck

†  Retropharyngeal “space” is normally a
    potential space only – actually a loose
    areolar plane enabling pharyngeal/upper
    esophageal movement

Mandible

Hyoid

Investing layer of
deep cervical fascia

Larynx

Thyroid isthmus

Suprasternal space

Trachea

Manubrium of sternum

Esophagus

A. Medial View  

C. Superior View of Transverse Section (at level of C7 vertebra) 

B. Anterosuperior View of Part C
Nuchal ligament

Vertebral arch of
cervical vertebra

Trapezius

Middle
scalene

Anterior scalene

Lymph node

Longus colli

Phrenic nerve

Sympathetic trunk

Alar fascia

Alar fascia

Omohyoid 

Sternocleidomastoid
(SCM)

Sternothyroid

Sternohyoid

Platysma

Esophagus**
Trachea**

Thyroid gland**

Retropharyngeal 
space

Carotid sheath

Internal
jugular vein

External jugular vein

Vagus nerve

Common carotid artery

Skin 

Occipital bone

Body of vertebra

Intervertebral disc

Anterior longitudinal ligament

Longus colli

Prevertebral fascia

Retropharyngeal space

Buccopharyngeal fascia*

Pharyngeal muscle
Pharynx

Plane of section
for parts B and C

POSTERIOR

 ANTERIOR

Pharynx

†

†
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B. Right Anterolateral View

Sternocleidomastoid:

Trapezius

External
jugular vein

Sternal head

Clavicular head

Clavicle

A. Lateral View

Superficial temporal vein

Subclavian vein
Brachiocephalic vein

Anterior jugular vein

Communicating branch

External jugular vein (EJV)

Internal jugular vein (IJV)

Facial vein

Common facial vein

Sternocleidomastoid

Retromandibular vein:

Posterior division

Anterior division

Maxillary vein

Omohyoid

Suprascapular vein

Occipital vein

Posterior auricular vein

Transverse cervical vein

Middle and posterior scalene

Spinal accessory nerve (CN XI)

Levator scapulae

Trapezius

Splenius

Sternal head
Clavicular head Sternocleidomastoid
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C
H
IP
LL
P
RL
S
SP
T

Cricoid cartilage
Hyoid bone
Inferior pole of thyroid gland
Left lobe of thyroid gland
Laryngeal prominence
Right lobe of thyroid gland
Isthmus
Superior pole of thyroid gland
Thyroid cartilage
Tracheal rings*

H

T TP

C

*

*
*

S

RL

IP IP

SP SP

LL

A. Anterior View

Incision in trachea after
retracting infrahyoid
muscles and incising

isthmus of thyroid gland

Tracheostomy tube
inserted in tracheal opening

B. Tracheostomy
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Body of mandible  

Angle of mandible  

Clavicle

Trachea

Styloid process        
Mastoid process       

Transverse process of atlas  (C1)

Anterior tubercle of C6
(carotid tubercle)

Spinous process of C7
(vertebra prominens)

External occipital protuberance

Stylohyoid ligament     

Hyoid

Thyroid cartilage           

Cricoid cartilage           

ManubriumA. Lateral View

Dens of axis
(odontoid process)

Angles of mandible

Hyoid

Posterior arch of atlas

Spinous process of C7

Zygapophysial (facet) joint

Superior articular process

Inferior articular process

Transverse process

B. Lateral View

Anterior arch of atlas

2

3

4

5

6

7
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Greater horn

Lesser horn

Body 

Greater horn

Lesser horn

Fibrocartilage

Body         

C. Right Anterolateral View of Hyoid D. Anterosuperior View of Hyoid

Carotid tubercle
(anterior tubercle

of C6)

Atlas
Anterior arch
Anterior tubercle

Dens (odontoid process)
of axis (C2)

Uncovertebral joints

Groove for
spinal nerve

Groove for vertebral artery

Anterior tubercle

Posterior tubercle

Anterior tubercle
of atlas (C1)

Axis (C2)

Anterior tubercles of
transverse processes
of vertebrae C3, C4, 
and C5

Posterior tubercle

C7

Posterior tubercle

Spinous process

Lamina

Column of
interarticular parts

and articular
processes

Spinous processes

E. Lateral View F. Anterior View

Spinous process (bifid)
Uncinate processes

of body

Posterior tubercle

Anterior tubercle

Foramen transversarium
Transverse
process

G. Superior View of Typical Cervical Vertebra (e.g., C4)

Space for
intervertebral disc

C1

C2

C3

C4

C5

C6

C7
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Clavicular head

Angle of mandible

Manubrium

Clavicle

Anterior cervical region
(anterior triangle)

Laryngeal prominence

Sternal head

Descending part
of trapezius

Sternocleido-
mastoid

Clavicular head

Sternal head
Sternocleidomastoid:

Sternal end of clavicle

Jugular notch

Trapezius (left side)
Descending part of trapezius

Ascending part of trapezius

Middle part of trapezius

Spine of scapula

Acromion of scapula

Lateral cervical
region

(posterior triangle)

A. Lateral View

B. Anterior View

C. Posterior View
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Nerve to trapezius from C3, C4
(pain, proprioceptive fibers)  

Spinal accessory nerve (CN XI)

Prevertebral layer of deep cervical fascia

Nerve point of neck

Lesser occipital nerve (C2)

External jugular vein

Facial vein
Facial artery

Sternocleidomastoid

Parotid gland

Occipital artery

Great occipital nerve

Superior nuchal line

Great auricular nerve (C2 and C3)

Cervical branch of facial nerve

Thyroid cartilage

Transverse cervical nerve (C2 and C3)

Platysma

Supraclavicular 
nerves (C3 and C4)

Intermediate

Clavicle

Posterior auricular

Trapezius
Medial

Lateral

A. Lateral View

Spinal accessory
nerve (CN XI)

Nerve point of neck

Sternocleidomastoid

B. Lateral View

Great auricular
nerve

Transverse
cervical nerve

Trapezius

Lesser occipital nerve

Supraclavicular
nerves

Investing layer of deep
cervical fascia

Clavicle
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External jugular
vein

Transverse cervical
nerve

Supraclavicular nerves

Prevertebral layer of
deep cervical fascia

Internal jugular vein

Phrenic nerve deep to prevertebral
layer of deep cervical fascia

Brachial plexus

Pectoralis major

Great auricular
nerve

Anterior scalene

Inferior belly of omohyoid

Deltoid

Trapezius

Dorsal scapular nerve

Suprascapular artery

Long thoracic nerve

Middle scalene

Spinal accessory
nerve (CN XI)

Levator scapulae

Nerves to
levator scapulae

Sternocleidomastoid

Splenius capitis

Occipital artery

Semispinalis
capitis

D. Lateral View

External jugular vein

Great auricular
(C2, C3)

Transverse
cervical
(C2, C3)

Supraclavicular (C3, C4)

Greater occipital (C2)

Lesser occipital (C2)

Third occipital (C3)

Cutaneous branches
of posterior rami

(C4-C8)

C. Lateral View
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Mandible

Submandibular gland

Supraclavicular nerves

Sternocleidomastoid

Phrenic nerve (C3-C4 root
contribution)

Cervicodorsal trunk

Omohyoid fascia

Suprascapular vein

Clavicle

Pectoralis major
(sternal head)Pectoralis minor

Anterior scalene

Brachial plexus

Inferior belly of omohyoid

Subclavius

Axillary vein

Axillary artery

Splenius capitis

Deltoid

Trapezius

Nerve to rhomboids

Spinal accessory nerve (CN XI)

Levator scapulae

Middle scalene

Posterior scalene

Branch of anterior
ramus C5

Serratus anterior

Branch of anterior
ramus C6

E. Lateral View

Nerves to levator scapulae

Accessory phrenic nerve (C5 root
contribution)

Superior belly of omohyoid
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Sternocleidomastoid

Phrenic nerve

Accessory phrenic nerve

Internal jugular vein

Subclavian artery

Brachiocephalic vein

Clavicle

Subclavian vein

Pectoralis major
(sternal head)

Anterior ramus C5

Anterior ramus C6

Anterior scalene

Anterior ramus C7

Anterior ramus C8

Subclavius

Trapezius

Deltoid

Serratus anterior

Branch of
anterior ramus C6

Dorsal scapular
artery

Branches of
 anterior ramus C5

Levator scapulae

Pectoralis minor

Middle scalene

Posterior scalene

Suprascapular nerve

Brachial plexus

Artery
Vein

Suprascapular

Axillary artery

Axillary vein

Lateral pectoral nerve

F. Lateral View
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Submental branch of facial artery

Median raphe

Submental lymph node

Digastric, anterior belly

Mylohyoid

Superior belly of omohyoid

Sternohyoid

Communicating vein connecting facial 
and anterior jugular veins

Sternal head
Sternocleidomastoid

Sternothyroid

Manubrium of sternum

Suprasternal space

Jugular venous arch

Visceral layer of pretracheal fascia

Investing layer of deep cervical fascia

Laryngeal prominence

Fascia covering submandibular gland

Mandible

Hyoid

Anterior View

Clavicular head
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Body of hyoid 

Superior belly of omohyoid

Sternohyoid

Cricothyroid

Communicating vein connecting facial
and anterior jugular veins

Sternocleidomastoid

Sternothyroid

Jugular (suprasternal) notch of sternum

Thymus

Anterior jugular vein

Inferior thyroid vein

Right lobe of thyroid gland

1st tracheal ring

Arch of cricoid cartilage

Median cricothyroid ligament

Thyroid cartilage

Thyrohyoid membrane

Clavicle

Anterior View

Mylohyoid

Left lobe of thyroid gland

Agur_Chap08.indd   765Agur_Chap08.indd   765 11/14/2011   4:17:54 PM11/14/2011   4:17:54 PM



Twigs of lingual vessels

B. Inferior View

A. Anterior View, Head Extended

Mylohyoid

Mandible

Median raphe

Sling for intermediate tendon of digastric

Submandibular gland, deep part

Lingual nerve

Stylohyoid

Hypoglossal nerve (CN XII)

Lingual vein

Hyoid

Intermediate tendon of digastric

Facial artery

Submandibular gland, superficial part

Hyoid

C. Inferior View

Mental spine

Geniohyoid Sublingual gland (covered by fascia)

Mucous membrane of floor of mouth

Sublingual artery

Lingual nerve

Submandibular gland, cut surface

Hypoglossal nerve (CN XII)

Lingual vein

Mylohyoid
Mylohyoid

Submental branch of facial artery

Median raphe

Submental lymph node

Digastric, anterior belly
(cut end)

Digastric, anterior belly

Mylohyoid

Superior belly of omohyoid
Laryngeal prominence

of thyroid cartilage

Fascia covering
submandibular gland

Mandible

Hyoid

Sternohyoid
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Sternohyoid

Omohyoid

Geniohyoid

MylohyoidDigastric:
Anterior belly

Posterior belly Stylohyoid

Thyrohyoid 
Thyroid cartilage

Sternocleidomastoid:
Sternal head

Clavicular head

A. Anterior View, Head and Neck Extended

Sternothyroid

Hyoid

Mandible

Greater horn

Lesser horn

Body

Hyoglossus

Middle constrictor

Chondroglossus

Stylohyoid

B. Superior View of Hyoid

Genio-
glossus

Sternohyoid

Mylohyoid

Omohyoid
Geniohyoid

Thyrohyoid
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Submandibular lymph nodes

Anterior belly of digastric

Level of hyoid bone

Artery

Submandibular gland

Thyrohyoid

Sternocleidomastoid branch of superior thyroid artery

Superior thyroid vein

Sternohyoid

Nerve (marginal
mandibular branch) 

Vein

Facial

Great auricular nerve

Ansa cervicalis
Inferior root

Internal jugular vein

Sternocleidomastoid
 branch of occipital artery

Spinal accessory nerve (CN XI)

Common facial vein

Parotid gland

Sternocleidomastoid (SCM)

Superior root

Superior belly of omohyoid
A. Lateral View

Anterior branch of
retromandibular vein

Superficial parotid node

Posterior belly
of digastric

Posterior belly
of digastric

B. Lateral View

Internal jugular vein

SCM
SCM

Spinal accessory
nerve (CN XI)

 Root of ansa
cervicalis

 Omohyoid
 Omohyoid

Phrenic nerve
Subclavian vein

Brachiocephalic vein

Superior 
 Inferior

C. Lateral View D. Lateral View

Superior 

Inferior
(medial to
internal 
jugular
vein)

Root of
ansa
cervicalis

Phrenic nerve

Spinal accessory
nerve (CN XI)

To thyrohyoid

Phrenic
nerve

Root of ansa
cervicalis:

Superior

Inferior

C1

C2

C3

C4

C5

Hypoglossal
nerve (CN XII)

To geniohyoid
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Anterior belly of digastric

Facial artery

Nerve to mylohyoid

Fascial sling of digastric
Mylohyoid

Inferior pharyngeal constrictor

Thyrohyoid

External branch of superior laryngeal nerve

Sternohyoid

Anterior jugular vein

Superior thyroid artery

Submental artery

Hyoid bone

Internal branch of superior laryngeal nerve

Nerve to thyrohyoid

Sternothyroid

Clavicle

Clavicular head

Sternal head
Sternocleidomastoid

Fascia investing
submandibular gland

Omohyoid fascia

Transverse cervical vein

Intermediate tendon of omohyoid

Prevertebral layer of
deep cervical fascia

Sternocleidomastoid

Sternocleidomastoid branch

Common carotid artery

External carotid artery

Hypoglossal nerve (CN XII)

Occipital artery

External carotid artery

Sternocleidomastoid artery

Spinal accessory nerve (CN XI)

Internal carotid artery

Superior root of ansa cervicalis

Inferior root of ansa cervicalis

Internal jugular vein

Inferior belly of omohyoid

Common trunk of facial
and lingual arteries

Stylohyoid

 Lateral View

Superior belly of omohyoid

Agur_Chap08.indd   769Agur_Chap08.indd   769 11/14/2011   4:18:12 PM11/14/2011   4:18:12 PM



Vertebral artery
Suboccipital part
Vertebral part
Cervical part

Manubrium
of sternum

Left
subclavian
artery

Right
subclavian

artery

Left
common
carotid artery

Right
internal

carotid artery

Right external
carotid artery

Brachiocephalic
trunk

Arch of aorta

1st rib

Clavicle

B. Anterior View

Left
axillary
artery

C5

C6

C7

T1

Right
common

carotid artery

Superficial temporal artery

Maxillary artery

Facial artery

Lingual artery

External carotid
artery

Inferior thyroid artery

Superior thyroid artery

Thyroid gland

Right common carotid artery

Brachiocephalic trunk

Internal thoracic artery

Internal carotid artery

Vertebral artery

Subclavian artery

External occipital
protuberance

Thyrocervical trunk

First posterior
intercostal artery

Costocervical
trunk

Deep cervical
artery

Ascending
cervical artery

Descending branch

1st rib

Occipital artery

Posterior
auricular artery

Ascending
pharyngeal artery

A. Lateral view

Transverse facial artery

Supreme
intercostal artery

Suprascapular artery

Dorsal scapular artery

Superficial cervical artery
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Facial artery

Lingual artery

External
carotid artery

Superior thyroid artery

Right common
carotid artery

Brachiocephalic trunk

Internal thoracic artery

Internal carotid artery

Vertebral artery

Subclavian artery

D. Carotid Arteriogram, Oblique View C. Lateral View

Maxillary arterySuperficial temporal artery

Posterior auricular artery

Occipital artery

Facial artery

Ascending pharyngeal artery

Lingual artery

Internal carotid artery

Carotid body

Carotid sinus

Superior thyroid artery

Inferior thyroid artery

Common carotid artery

Vertebral artery

Subclavian artery

First posterior intercostal artery

Deep cervical artery

Brachiocephalic trunk

Costocervical trunk

Hyoid

External carotid artery

Thyroid cartilage

Trachea

Cricoid cartilage

Mandible

Internal thoracic
artery

Thyrocervical trunkSuprascapular artery
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Hypoglossal—CN XII

Motor: all intrinsic and 
extrinsic muscles of tongue
(excluding palatoglossus—
a palatine muscle)

Vagus—CN X

Motor: palate, pharynx,
larynx, trachea, bronchial
tree, heart, GI tract to left
colic flexure
Sensory: pharynx, larynx;
reflex sensory from tracheo-
bronchial tree, lungs, heart, 
GI tract to left colic flexure

Glossopharyngeal—CN IX

Motor: stylopharyngeus,
parotid gland
Sensory: taste: posterior
third of tongue; general 
sensation: pharynx, tonsillar 
sinus, pharyngotympanic 
tube, middle ear cavity

Spinal accessory—CN XI

Motor: sternocleidomastoid
and trapezius

Occipital artery

Lingual artery

Hypoglossal nerve
(CN XII)

Thyrohyoid 

Omohyoid 

Sternohyoid 

Superior thyroid artery

Inferior pharyngeal constrictor

Sternothyroid 

Internal jugular vein

Ansa cervicalis

Common carotid artery

Superior root

Inferior root

C3 nerve

C2 nerve

Internal carotid artery

Ansa
cervicalis

Hyoglossus

Hyoid

Posterior belly
of digastric

External carotid artery

Facial artery Anterior belly of digastric

Mylohyoid

Lateral Views

Spinal accessory
nerve (CN XI)

A. Lateral View

Hyoglossus

Mylohyoid
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surface
Muscular
process

Arytenoid
 cartilage

Cuneiform
 cartilage

Superior horn
 of thyroid cartilage

Triticeal cartilage

Lamina of
thyroid cartilage

Lamina of cricoid cartilage

E. Posterior View

Body of hyoid bone
Hyo-epiglottic ligament

Median 
glosso-epiglottic fold

Greater horn

Lesser horn

Epiglottis 

Lateral
glosso-epiglottic fold

F. Superior View

Thyro-epiglottic ligament

Cricovocal
ligament

Conus 
elasticus

Capsule of
crico-arytenoid
joint 

Cricoid cartilage

Corniculate
cartilage

Median cricothyroid
ligament

Vocal ligament

Epiglottic cartilage

Muscular process

Arch of cricoid cartilage

Thyroid cartilage

Vocal process

Apex

G. Superior View

 Arytenoid cartilage:

Rima glottidis
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Epiglottic cartilage

Vestibular ligament
Cuneiform cartilage

Corniculate cartilage

Arytenoid cartilage, medial surface

Posterior crico-arytenoid ligament

Vocal process of arytenoid cartilage

Tracheal ring

Superior horn

Thyroid cartilage

Cricothyroid ligament

Vocal ligament

Epiglottis

Mucous membrane

Lamina of cricoid cartilage (cut)

Vestibular fold

Arytenoid (cut)

Corniculate tubercle

Cuneiform tubercle

Ary-epiglottic fold

Vocal fold

Ventricle

A. Posterior View
After incision and retraction (spreading)
of posterior wall of larynx and trachea

Quadrangular membrane

Surgical needle spreading cricoid cartilage

Hyo-epiglottic ligament

Hyoid bone

Thyrohyoid
membrane

Vestibular fold

Ventricle
of larynx

Vocalis

Vocal
fold

Cricovocal ligament*

Median cricothyroid ligament*

Arch of cricoid cartilage

Fat pad

Vocal ligament

Epiglottic cartilage

Thyroid articular surface

Lamina of
cricoid cartilage

Triangular
fovea (pit)

Vocal
process

Muscular
process

Arytenoid
 cartilage

Corniculate cartilage

Cuneiform tubercle

Ary-epiglottic fold

Trachea

B. Lateral View After Removal of the Right Thyroid Cartilage

* of conus elasticus

Thyroid cartilage

 Superior horn of
thyroid cartilage

 Thyrohyoid membrane
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Longitudinal  layer

Trachea

Thyroid cartilage

Thyroid notch

Laryngeal prominence

Lamina

Median cricothyroid ligament

Cricoid cartilage

Right recurrent
laryngeal nerve

Inferior horn

Inferior tubercle

Oblique line

Superior tubercle

Superior horn

Lateral View

 Lateral View

 Lateral View

Cricothyroid
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Posterior crico-arytenoid

Posterior View

Superior View
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stylopharyngeus)

Internal branch
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laryngeal nerve

Cricoid cartilage

Pharyngobasilar
fascia
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recurrent laryngeal nerve

Inferior horn of thyroid cartilage

Right recurrent laryngeal nerve
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Muscle coat
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Posterior crico-arytenoid
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transverse
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Agur_Chap08.indd   808Agur_Chap08.indd   808 11/14/2011   4:20:56 PM11/14/2011   4:20:56 PM



Internal branch of superior laryngeal nerve

Saccule of larynx

Thyro-arytenoid

Thyroid lamina

Cricothyroid

Facet for cricoid cartilage

Epiglottis

Right recurrent
 laryngeal nerve

Thyroid articular surface

Arytenoid

Ary-epiglottic

Thyro-epiglottic

Median
 glosso-epiglottic fold

Lateral View
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crico-arytenoid
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Superior View

Thyro-arytenoid
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Posterior View Posterior View
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Agur_Chap08.indd   809Agur_Chap08.indd   809 11/14/2011   4:21:03 PM11/14/2011   4:21:03 PM



Epiglottic tubercle

Vestibular fold

Ventricle of larynx

Vocal fold 

Rima glottidis

Epiglottis 

Greater horn
of hyoid

Corniculate tubercle

Cuneiform
tubercle

Piriform fossa

Ary-epiglottic fold

Pre-epiglottic fat Tongue

C. Coronal MRI

Ary-epiglottic fold

Vestibule (1)

Vestibular fold (2)

Ventricle (3)

Vocal fold (4)
(conus elasticus)

Trachea (5)

B. Superior View

D. Posterior View

ANTERIOR ANTERIOR

POSTERIOR

Epiglottis

Vestibular fold (medial edge)

Lateral walls of laryngeal
vestibule (mucosa over
quadrangular membrane)

Vocal fold

Trachea (through rima glottidis)

Ary-epiglottic fold

Site of cuneiform cartilage

Site of corniculate
cartilage

Interarytenoid notch

Mucosa over cricoid cartilage

Piriform fossa To esophagus

A. Laryngoscopic Examination

POSTERIOR

1

5

2

3
4

1

5

2

3
4
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Superior deep cervical

Lymph Nodes:

Inferior deep cervical

Paratracheal

Prelaryngeal

Pretracheal
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thyroid veins
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thyroid vein

Anterior
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Right
brachiocephalic
vein

Left
brachiocephalic
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Thyroid gland
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Right external
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A. Lateral View
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of IJV

Bronchomediastinal
lymphatic trunk

Right internal
jugular vein

(IJV)

B. Anterior View

Hyoid

Left
internal 
jugular
vein

Thoracic
duct

Left
brachiocephalic
vein

Right
lymphatic

duct

Jugular
lymphatic

trunk

Right internal
jugular vein

Thyroid gland

Right venous
angle

Left
venous angle

Superior thyroid vein

Jugular
lymphatic
trunk

Right subclavian
artery
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Right recurrent
laryngeal nerve
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External occipital 
protuberance

Internal occipital 
protuberance

Atlas (posterior arch)

Dens of axis (C2)

Epiglottis

Posterior wall of pharynx

Retropharyngeal space

Lamina of cricoid cartilage

Trachea

Spinal cord

Esophagus
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Manubrium
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Thyroid gland

Arch of cricoid cartilage

Larynx
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Geniohyoid
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Nasal septum

Pharyngeal tonsil

Tongue
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Brachiocephalic trunk

Aorta

A. Median Section

Hypophysis (pituitary gland)

Cerebellar tonsil

Trachea

Bolus

(1) The bolus of food is squeezed to the
back of the mouth by pushing
the tongue against the palate.

(2) The nasopharynx is sealed off, and
the larynx is elevated, enlarging

the pharynx to receive food.

Hard palate

Trachea

Soft palate

Thoracic inlet
of esophagus

Laryngeal inlet
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1 Nasopharynx 

2 Oropharynx

3 Laryngopharynx

Ar Arytenoid cartilage

AA Anterior arch of C1

C3-T4 Vertebral bodies

Cb Cerebellum

Cr Cricoid cartilage

CSF Cerebrospinal fluid in
 subarachnoid space

Ct Tonsil of cerebellum

D Dens

E Esophagus

Ep Epiglottis

G Genioglossus

H Hyoid

IC Inferior concha

IV Intervertebral disc

M Medulla oblongata

Ma Mandible

MS Manubrium of sternum

N Nuchal ligament

Ph Pharyngeal tonsil (adenoid)

PT Posterior tubercle of C1

SC Spinal cord

So Soft palate

SP Spinous process

St Strap muscles

T Trachea

Ton Tongue

EpEp

SoSo

AA

T

SC

CSF

SP

B. Median MRI Scan
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Ct
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Ton
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IV

C3

Ph

So

N

Ma G H

Ep

Ar

Cr
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MS

Tongue

Epiglottis

Bolus

(3) The pharyngeal sphincters contract
sequentially, squeezing food into the

esophagus.  The epiglottis deflects the
bolus from but does not close the inlet

to the larynx and trachia.

(4) The bolus of food moves down the
esophagus by peristaltic contractions.

Esophagus

TracheaTrachea
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818 OVERVIEW OF CRANIAL NERVES

Site of termination of 
olfactory nerves (CN I)Olfactory bulb

Olfactory tract

Optic nerve (CN II)

Optic tract

Oculomotor nerve (CN III)

Trochlear nerve (CN IV)

Motor root

Trigeminal
nerve (CN V)

Abducent nerve (CN VI)

Intermediate nerve (CN VII)

Vestibulocochlear nerve (CN VIII)

Glossopharyngeal nerve (CN IX)

Vagus nerve (CN X)

Sensory root

Facial nerve (CN VII)

Longitudinal cerebral fissure

Hypoglossal nerve (CN XII)

Cerebellum

Olive

Lateral aperture of 4th ventricle

Choroid plexus of 4th ventricle

Middle cerebellar peduncle

Midbrain

Mammillary body

Anterior perforated substance

Lateral cerebral sulcus (fissure)

Temporal pole

Anterior rootlets of C1 nerve

Optic chiasm

Infundibulum

Pons

Pyramid
Medulla oblongata

Spinal cord
Inferior View

Spinal accessory nerve (CN XI)

9.1 CRANIAL NERVES IN RELATION TO THE BASE OF THE BRAIN

Cranial nerves are nerves that exit from the cranial cavity through openings in the cranium. There are 12 pairs 

of cranial nerves that are named and numbered in rostrocaudal sequence of their superfi cial origins from the 

brain, brainstem, and superior spinal cord. The olfactory nerves (CN I, not shown) end in the olfactory bulb. The 

entire origin of the spinal accessory nerve (CN XI) from the spinal cord is not included here; it extends inferiorly 

as far as the C6 spinal cord segment.
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819
Cranial Nerves

OVERVIEW OF CRANIAL NERVES

9.2 CRANIAL NERVES IN RELATION TO THE INTERNAL ASPECT OF THE CRANIAL BASE

The venous sinuses have been opened on the right side. The ophthalmic division of the trigeminal nerve (CN 

V
1 
) and the trochlear (CN IV) and oculomotor (CN III) nerves have been dissected from the lateral wall of the 

cavernous sinus. Although there are no sympathetic fi bers in cranial nerves as they leave the brain, postsyn-

aptic sympathetic nerve fi bers “hitch-hike” onto branches of cranial nerves having traveled to the region via 

major blood vessels.

Occipital sinus

Crista galli

Olfactory bulb

Olfactory tract

Sphenoparietal sinus

Anterior clinoid process

Cavernous sinus

Superior petrosal sinus

Sigmoid sinus

Spinal cordVertebral artery

Olfactory nerves (CN I)
passing through cribriform

plate of ethmoid

Trigeminal ganglion

Maxillary nerve (CN V2)

Internal carotid artery and
sympathetic plexus

Hypophysis

Anterior cranial fossa

Superior View

ANTERIOR

POSTERIOR

Oculomotor nerve (CN III)

Trochlear nerve (CN IV)

Mandibular nerve (CN V3)

Middle meningeal artery

Trigeminal nerve (CN V)

Facial nerve (CN VII)

Vestibulocochlear nerve (CN VIII)

Glossopharyngeal nerve (CN IX)
Vagus nerve (CN X)

Spinal accessory nerve (CN XI)

Oculomotor nerve (CN III)
(reflected anteriorly)

Trochlear nerve (CN IV)

Abducent nerve (CN VI)

Abducent nerve (CN VI)

Intermediate nerve (CN VII)

Hypoglossal nerve (CN XII)

Optic nerve (CN II)

Ophthalmic nerve (CN V1)
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820 OVERVIEW OF CRANIAL NERVES

Motor: lateral rectus
muscle of eye

Abducent—CN VI

Sensory: smell

Olfactory—CN I

Vestibulocochlear—CN VIII

Vestibular nerve, sensory:
orientation, motion
Cochlear nerve, sensory:
hearing

Motor (efferent)
Sensory (afferent)

Cranial nerve fibers

Facial—CN VII
Intermediate nerve

Motor: lacrimal, nasal, palatine,
submandibular, and sublingual
glands
Sensory: taste to anterior two
thirds of tongue, soft palate

Motor: superior oblique
muscle of eye

Trochlear—CN IV

Trigeminal—CN V
Sensory root

Sensory: face; oral, nasal
and sinus mucosa; teeth
and anterior two thirds of
tongue

Trigeminal—CN V
Motor root

Motor: muscles of 
mastication and 4 other
muscles (see table 9.1)

Hypoglossal—CN XII

Motor: all intrinsic and 
extrinsic muscles of tongue
(excluding palatoglossus—
a palatine muscle)

Spinal accessory—CN XI

Motor: sternocleidomastoid
and trapezius

Vagus—CN X

Motor: palate, pharynx,
larynx, trachea, bronchial
tree, heart, GI tract to left
colic flexure
Sensory : pharynx, larynx; 
reflex sensory from tracheo-
bronchial tree, lungs, heart, 
GI tract to left colic flexure;
taste to epiglottis, palate

Glossopharyngeal—CN IX

Motor: stylopharyngeus,
parotid gland
Sensory: pharynx, tonsillar
sinus, pharyngotympanic 
tube, middle ear cavity;
taste to posterior third of
tongue

Facial—CN VII
Primary root

Motor: muscles of facial
expression and 3 other
muscles (see table 9.1)

Sensory: vision

Optic—CN IIOculomotor—CN III

Motor: ciliary muscles, 
sphincter of pupil, all 
extrinsic muscles of eye 
except those listed for 
CN IV and VI

CN I

CN II

CN III

CN VI

CN V

CN V

CN XII

CN XI

CN X CN IX

CN VIII

CN VIICN VII

CN IV

SUMMARY OF CRANIAL NERVES9.3
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821
Cranial Nerves

OVERVIEW OF CRANIAL NERVES

TABLE 9.1 SUMMARY OF CRANIAL NERVES

Nerve Components Location of Nerve Cell Bodies Cranial Exit Function

Olfactory (CN I) Special sensory Olfactory epithelium (olfactory cells) Foramina in cribriform 
plate of ethmoid bone

Smell from nasal mucosa of roof of each nasal cavity, superior 
sides of nasal septum and superior concha

Optic (CN II) Special sensory Retina (ganglion cells) Optic canal Vision from retina

Oculomotor (CN III) Somatic motor Midbrain (nucleus of CN III)

Superior orbital fi ssure

Motor to superior, inferior, and medial rectus, inferior oblique, and 
levator palpebrae superioris that raise upper eyelid and direct gaze 
superiorly, inferiorly, and medially

Visceral motor Presynaptic: midbrain (Edinger-Westphal 
nucleus); Postsynaptic: ciliary ganglion

Parasympathetic innervation to sphincter pupillae and ciliary 
muscles that constrict pupil and accommodate lens of eye

Trochlear (CN IV) Somatic motor Midbrain (nucleus of CN IV) Motor to superior oblique that assists in directing gaze 
inferolaterally

Trigeminal (CN V)
  Ophthalmic division 

(CN V1
 )

Somatic (general) 
sensory

Trigeminal ganglion 
Synapse: sensory nucleus of CN V

Sensation from cornea, skin of forehead, scalp, eyelids, nose, and 
mucosa of nasal cavity and paranasal sinuses

 Maxillary division (CN V 2 ) Foramen rotundum Sensation from skin of face over maxilla including upper lip, maxil-
lary teeth, mucosa of nose, maxillary sinuses, and palate

  Mandibular division 
(CN V3

 )
Somatic (branchial) 
motor

Pons (motor nucleus of CN V)

Foramen ovale

Sensation from the skin over mandible, including lower lip and side 
of head, mandibular teeth, temporomandibular joint, and mucosa of 
mouth and anterior two thirds of tongue

Motor to muscles of mastication, mylohyoid, anterior belly of 
digastric, tensor veli palatini, and tensor tympani

Abducent (CN VI) Somatic motor Pons (nucleus of CN VI) Superior orbital fi ssure Motor to lateral rectus to direct gaze laterally

Facial (CN VII) Somatic (branchial) 
motor

Pons (motor nucleus of CN VII)

Internal acoustic 
meatus, facial canal, 
and  stylomastoid 
foramen

Motor to muscles of facial expression and scalp; also supplies 
stapedius of middle ear, stylohyoid, and posterior belly of digastric

Special sensory Geniculate ganglion 
Synapse: nuclei of solitary tract

General sensory Geniculate ganglion 
Synapse: sensory nucleus of CN V

Taste from anterior two thirds of tongue, and palate

Sensation from skin of external acoustic meatus

Visceral motor Presynaptic: pons (superior salivatory 
nucleus); Postsynaptic: pterygopalatine 
ganglion and submandibular ganglion

Parasympathetic innervation to submandibular and sublingual 
salivary glands, lacrimal gland, and glands of nose and palate

Vestibulocochlear (CN VIII)
Vestibular

Cochlear

Special sensory Vestibular ganglion 
Synapse: vestibular nuclei

Internal acoustic 
meatus

Vestibular sensation from semicircular ducts, utricle, and saccule 
related to position and movement of head

Special sensory Spiral ganglion Synapse: cochlear nuclei Hearing from spiral organ

Glossopharyngeal (CN IX) Somatic (branchial) 
motor

Medulla (nucleus ambiguus)

Jugular foramen

Motor to stylopharyngeus that assists with swallowing

Visceral motor Presynaptic: medulla (inferior salivatory 
nucleus); Postsynaptic: otic ganglion

Parasympathetic innervation to parotid gland

Visceral sensory Inferior ganglion Visceral sensation from parotid gland, carotid body and sinus, 
pharynx, and middle ear

Special sensory Inferior ganglion 
Synapse: nuclei of solitary tract Taste from posterior third of tongue

General sensory Superior ganglion 
Synapse: sensory nucleus of CN V

Cutaneous sensation from external ear

Vagus (CN X) Somatic (branchial) 
motor

Medulla (nucleus ambiguus) Motor to constrictor muscles of pharynx, intrinsic muscles of 
larynx, muscles of palate (except tensor veli palatini), and striated 
muscle in superior two thirds of esophagus

Visceral motor Presynaptic: medulla; Postsynaptic: 
neurons in, on, or near viscera

Smooth muscle of trachea, bronchi, and digestive tract, cardiac 
muscle

Visceral sensory Inferior ganglion 
Synapse: nuclei of solitary tract

Visceral sensation from base of tongue, pharynx, larynx, trachea, 
bronchi, heart, esophagus, stomach, and intestine

Special sensory Inferior ganglion 
Synapse: nuclei of solitary tract

Somatic (general) 
sensory

Superior ganglion 
Synapse: sensory nucleus of 
trigeminal nerve

Taste from epiglottis and palate

Sensation from auricle, external acoustic meatus, and dura mater 
of posterior cranial fossa

Spinal accessory nerve (CN XI) Somatic motor Cervical spinal cord Motor to sternocleidomastoid and trapezius

Hypoglossal (CN XII) Somatic motor Medulla (Nucleus of CN XII) Hypoglossal canal Motor to muscles of tongue (except palatoglossus)

Agur_Chap09.indd   821Agur_Chap09.indd   821 11/15/2011   11:10:54 AM11/15/2011   11:10:54 AM



822 CRANIAL NERVE NUCLEI

Somatic (general) sensory

Sensory Nuclei:

Special sensory

Visceral sensory

Somatic motor (including
       Branchial motor)

Motor Nuclei:

Visceral motor
(Parasympathetic)

Mesencephalic nucleus of trigeminal nerve (CN V)*

Principal sensory nucleus of trigeminal nerve (CN V)*

Spinal nucleus of trigeminal nerve (CN V)*

Nuclei of solitary tract
(CNs VII, IX, and X)

Gustatory nucleus

Cardiorespiratory nucleus

Vestibular nuclei (CN VIII)

Cochlear nuclei (CN VIII)

Middle cerebellar peduncle

Superior colliculus (midbrain)

Fasciculus gracilis
of medulla oblongata

Nucleus of oculomotor nerve (CN III)

Edinger-Westphal nucleus
of oculomotor nerve (CN III)

Nucleus of trochlear nerve (CN IV)

Nucleus of abducent nerve (CN VI)

Superior salivatory nucleus (CN VII)

Sulcus limitans (on floor of fourth ventricle)

Inferior salivatory nucleus (CN IX)

Posterior (motor) nucleus of vagus nerve (CN X)

Nucleus of hypoglossal nerve (CN XII)

Nucleus ambiguus (CNs IX, X)

Nucleus of spinal
accessory nerve (CN XI)

Motor nucleus of trigeminal nerve (CN V)

Motor nucleus of facial nerve (CN VII)

A. Posterior (Dorsal) View

* Sensory nucleus of CN V

9.4 CRANIAL NERVE NUCLEI

The fi bers of the cranial nerves are connected to nuclei (groups of nerve cell bodies in the central nervous 

system), in which afferent (sensory) fi bers terminate and from which efferent (motor) fi bers originate. Nuclei 

of common functional types (motor, sensory, parasympathetic, and special sensory nuclei) have a generally 

columnar placement within the brainstem, with the sulcus limitans demarcating motor and sensory columns.

Somatic motor: motor fi bers innervating voluntary (striated muscle). For the muscles derived from the embry-

onic pharyngeal arches, their somatic motor innervation can be referred to more specifi cally as branchial motor.
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CRANIAL NERVE NUCLEI

* Sensory nucleus of CN V

Trigeminal nerve
(CN V)

Trigeminal ganglion

Sensory

Motor

Pons

Spinal accessory nerve (CN XI)

Hypoglossal nerve (CN XII)

Vagus nerve (CN X)

Glossopharyngeal nerve (CN IX)

Inferior olivary complex

Facial nerve (CN VII)

Abducent nerve (CN VI)

Vestibulocochlear nerve (CN VIII)

Red nucleus

Oculomotor nerve (CN III)

Nucleus of spinal accessory nerve
(CN XI)

Superior salivatory nucleus (CN VII)

Motor nucleus of facial nerve (CN VII)

Trochlear nerve (CN IV)

Mesencephalic nucleus of trigeminal nerve (CN V)*

Fourth ventricle

Principal sensory nucleus of trigeminal nerve (CN V)*

Posterior (motor) nucleus of vagus nerve (CN X)

Central canal

Motor nucleus of trigeminal nerve (CN V)

Nucleus of oculomotor nerve (CN III)

Edinger-Westphal nucleus of oculomotor nerve (CN III)

Nucleus of trochlear nerve (CN IV)

Nucleus of abducent nerve (CN VI)

Vestibular nuclei (CN VIII)

Cochlear nuclei (CN VIII)

Nuclei of solitary tract (CNs VII, IX, and X)

Inferior salivatory nucleus (CN IX)

Nucleus ambiguus (CNs IX, X)

Nucleus of hypoglossal nerve (CN XII)

Spinal nucleus of trigeminal nerve (CN V)*

B. Lateral View

Somatic (general) sensory

Sensory Nuclei:

Special sensory

Visceral sensory

Somatic motor (including
       Branchial motor)

Motor Nuclei:

Visceral motor
(Parasympathetic)

9.4 CRANIAL NERVE NUCLEI (CONTINUED)

Visceral motor: Parasympathetic innervation to glands and involuntary (smooth) muscle.

Somatic (general) sensory: Fibers transmitting general sensation from skin and membranes (e.g., touch, 

pressure, heat, cold).

Visceral sensory: Fibers conveying sensation from viscera (organs) and mucous membranes.

Special sensory: Taste, smell, vision, hearing, and balance.
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824 CRANIAL NERVE I: OLFACTORY

Primary 
sensory
axon

Mitral cells

Cribriform plate of
ethmoid bone

Neurosensory cell

B. Medial View of Sagittal Section through Cribriform Plate of Ethmoid Bone

Central processes of
olfactory neurosensory cell = olfactory
nerves (collectively olfactory nerve, CN I)

Subarachnoid space

Lateral olfactory stria

Cribriform
plate

Olfactory tract

Olfactory tract

Olfactory tract

Lateral olfactory
stria

Medial olfactory stria

 Anterior 

A. Medial View of Lateral Wall of Nasal Cavity

View

Inferior concha

Middle concha

Superior concha

Cribriform plate of
ethmoid bone

Nasal septum

Olfactory bulb, site of
termination of olfactory
nerves collectively comprising
olfactory nerve (CN I)

Crista galli Olfactory bulb

Olfactory bulb

Olfactory bulb
Olfactory bulb

Olfactory part of
nasal mucosa
(purple)

Olfactory nerves
(Collectively CN I)

Olfactory nerves (yellow)
distributed to olfactory part

of nasal mucosa (purple)

Olfactory part of
nasal mucosa

(olfactory epithelium)

Efferent
Afferent

9.5 OLFACTORY NERVE (CN I)

A. Relationship of olfactory mucosa to olfactory bulb. B. Olfactory epithelium.

TABLE 9.2 OLFACTORY NERVE (CN I)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Olfactory Special sensory Olfactory epithelium (olfactory 
cells/olfactory bulb)

Foramina in cribriform plate of ethmoid 
bone

Smell from nasal mucosa of roof and superior sides of nasal septum and 
superior concha of each nasal cavity
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CRANIAL NERVE II: OPTIC

9.6 OPTIC NERVE (CN II)

A. Origin and course of visual pathway. B. Rods and cones in retina. C. Right visual fi eld representation on 

retinae, left lateral geniculate nucleus, and left visual cortex.

Eyeball

Right
visual
field

Left
visual
field

Retina

Anterior clinoid
process

Optic chiasm

Optic canal

Optic tract

Optic radiations

Midbrain

Lateral geniculate
nucleus

Visual cortex 
(occipital lobe)

Optic nerve (CN II)

P

Optic nerve (CN II)

Optic chiasm

Optic tract

Right
visual field

Left
visual field

Left lateral geniculate nucleus

Right retinal
representations
of visual field

Left retinal
representations
of visual field

Parieto-occipital sulcus

Macula

Calcarine sulcus

Left visual cortex

Optic
chiasm

NNT

1

1

2

2

1

1

1

2

2

2

4

4

3

3

4

3

3

4

T Optic disc Axons of retinal
ganglion cells

Ganglion
cell layer

Bipolar cell
layer

Layer of rods
and cones

Sclera

Central retinal artery and vein

Optic nerve
(CN II)

B. Schematic Superior ViewC

A

TABLE 9.3 OPTIC NERVE (CN II)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Optic Special sensory Retina (ganglion cells)/lateral geniculate body (nucleus) Optic canal Vision from retina
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826 CRANIAL NERVE II: OPTIC

6

6

5

5

4

4

3

3

2

2

1

1

1. Blindness of ipsilateral eye.
2. Bitemporal hemianopsia:
    loss of vision in the
    temporal fields of both
    eyes (tunnel vision).
3. Loss of vision in the
    temporal field of the
    ipsilateral eye. 

4. Homonymous
    hemianopsia: visual
    loss in same fields
    of each eye.
5. Homonymous hemianopsia.
6. Homonymous hemianopsia
    with macular sparing.

6

5

4

3

2

1

Visual field defects
of left eye

Left
visual
field

Right 
visual
field

TemporalNasalTemporal Nasal

Visual field defects
of right eye

Visual field

Binocular
zone

Optic nerve

Optic chiasm

Optic tract

Lateral geniculate
nucleus

Optic radiations

9.7 VISUAL FIELD DEFECTS (CN II)

Visual fi eld defects may result from a large number of neurologic diseases. It is clinically important to be able 

to link the defects to a likely location of the lesion.

Agur_Chap09.indd   826Agur_Chap09.indd   826 11/15/2011   11:11:12 AM11/15/2011   11:11:12 AM



827
Cranial Nerves

CRANIAL NERVES III, IV, AND VI: OCULOMOTOR, TROCHLEAR, AND ABDUCENT

9.8 OVERVIEW OF MUSCLES AND NERVES OF ORBIT

A. and B. Orbital cavities, dissected from a superior approach. The optic nerve is intact in A and cut away in

B., C. and D. Relationship of muscle attachments and nerves at apex of orbit.

Nasociliary nerve

Optic nerve (CN II)

Trochlear nerve (CN IV)

Oculomotor nerve
(CN III), superior
division

Superior
rectus

Levator palebrae
superioris

Levator palpebrae
superioris

Lacrimal gland

Branches of
lacrimal nerve

Optic nerve
(CN II), cut

Nerve to
inferior oblique

Lacrimal nerve

Lateral rectus

Inferior rectus

Abducent nerve (CN VI)

Branches of CN IIITrochlear nerve (CN IV)

B. Superior ViewA. Superior View

Trochlea

Infratrochlear nerve

Medial rectus

Superior rectus

Levator palpebrae
superioris

Lacrimal gland

Lacrimal nerve

Long ciliary
nerves

Lateral rectus

Abducent
nerve (CN VI)

Short ciliary
nerves

Ciliary ganglion

Superior oblique Trochlea
Superior oblique

Superior rectus (SR)

Trochlear nerve
(CN IV)

Abducent
nerve (CN VI)

Ciliary ganglion

Lateral
rectus (LR)

Levator palpebrae superioris (LP)

Superior oblique (SO)

Optic nerve (CN II)
 fascicles

Ophthalmic artery

Oculomotor nerve (CN III),
inferior division

Oculomotor nerve (CN III),
superior division

Inferior rectus (IR)

Inferior oblique

Medial rectus (MR)

C. Anterior View

Common
tendinous ring

Lacrimal fossa

Trochlea

CN II

Ophthalmic artery

Common 
tendinous ring

CN III, inferior divisionInferior
ophthalmic vein

Lacrimal nerve

Superior orbital fissure

Frontal nerve

Superior ophthalmic vein

CN IV

CN III, superior division

Nasociliary nerve

CN VI

D. Anterior View

LP
SR

SO

MR

IR

LR
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828 CRANIAL NERVES III, IV, AND VI: OCULOMOTOR, TROCHLEAR, AND ABDUCENT

Superior rectus
and inferior oblique

Medial
rectusRest position

Lateral
rectus

Inferior
rectus

Inferior rectus

Superior
rectus

Inferior
oblique

Superior
rectus

Oculomotor nerve 
CN III

CN III

Cavernous sinus

Superior oblique

Levator palpebrae
superioris (cut)

Superior rectus

Lateral rectus (cut)

Lateral rectus (cut)

Internal carotid artery

Internal carotid artery

Medial rectus

Inferior oblique

Inferior rectus

Nucleus
of CN III

CN IV

Nucleus
of CN IV  

CN VI

Nucleus 
of CN VI

CN V1

CN V2

Trochlear nerve 
CN IV

Abducent nerve
CN VI

Inferior
oblique

Lateral
rectus

Medial
rectus

Superior
oblique

Superior oblique

Superior
oblique

Inferior
rectus

A

B

CN III

CN IV

CN VI

9.9 OCULOMOTOR (CN III), TROCHLEAR (CN IV), AND ABDUCENT (CN VI) NERVES

A. Schematic overview. B. Binocular movements and muscles producing them. All movements start from the 

rest (primary) position.

TABLE 9.4 OCULOMOTOR (CN III), TROCHLEAR (CN IV), AND ABDUCENT (CN VI) NERVES a

Nerve Functional 
Components

Cells of Origin/Termination Cranial Exit Distribution and Functions

Oculomotor Somatic motor Nucleus of CN III

Superior orbital 
fi ssure

Motor to superior, inferior, and medial recti, inferior oblique, and levator palpebrae superioris 
muscles; raises upper eyelid, directing gaze superiorly, inferiorly, and medially

Visceral motor 
(parasympathetic)

Presynaptic: midbrain (Edinger-Westphal 
nucleus); Postsynaptic: ciliary ganglion

Motor to sphincter pupillae and ciliary muscle that constrict pupil and accommodate lens of 
eyeball

Trochlear Somatic motor Nucleus of CN IV Motor to superior oblique that assists in directing gaze inferolaterally

Abducent Somatic motor Nucleus of CN VI Motor to lateral rectus that directs gaze laterally
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Cranial Nerves
829CRANIAL NERVES III, IV, AND VI: OCULOMOTOR, TROCHLEAR, AND ABDUCENT

Short ciliary nerves (CN V1) carry 
postsynaptic parasympathetic fibers to 
the ciliary and sphincter pupillae 
muscles.

Fibers synapse in the ciliary ganglion, 
consisting of postsynaptic 
parasympathetic nerve cell bodies 
associated with CN V1.

CN III contains parasympathetic fibers 
originating from nerve cell bodies of the 
accessory (Edinger-Westphal) nucleus 
of the oculomotor nerve.

Postsynaptic sympathetic fibers
Presynaptic parasympathetic fibers
Postsynaptic parasympathetic fibers
General sensory fibers

Oculomotor nerve (CN III)

Nerves of the orbit:

Trochlear nerve (CN IV)

Abducent nerve (CN VI)

Inferior
oblique

Inferior rectus

Short
ciliary
nerves

Ciliary
ganglion

Lateral rectusA. Lateral View

Inferior orbital fissure

Trochlear nerve
(CN IV)

Abducent nerve
(CN VI)

Oculomotor nerve
(CN III)

Superior orbital
fissure

Inferior division
CN III

Superior division
CN III

Optic
nerve
(CN II) 

Medial
rectus

Superior
rectus

Superior
oblique

Trochlea

Levator palpebrae
superioris

Ciliary
ganglion

Short
ciliary
nerve

Intra-ocular
blood vessels

Dilator
pupillae

Sphincter
pupilllae

Ciliary body

Cornea

Long
ciliary
nerve

Nasociliary nerve
(CN V1)

Sensory (naso-
ciliary) root

Sympathetic
root

Parasympathetic
(oculomotor) root Oculomotor nerve

(CN III)

Of
 c

ili
ar

y 
ga

ng
lio

n

Visceral (parasympathetic) motor innervation
of ciliary and sphincter pupillae muscles

B

9.10 INNERVATION OF EYEBALL

A. Nerves of orbit. B. Somatic and autonomic innervation of eyeball.
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830 CRANIAL NERVE V: TRIGEMINAL

VV33 Ophthalmic (CN V1)

Maxillary (CN V2)

Mandibular (CN V3)

Nerves:

VV33

VV22

VV11

V3V3

V2

V1

A. Lateral View

Trigeminal
nerve (CN V)

Sensory
root
Motor
root

Frontal nerve

Lacrimal nerve

Nasociliary nerve

Ciliary ganglion

Zygomatic nerve

Infra-orbital nerve

Posterior
Middle
Anterior

Superior
alveolar nerves

Pterygopalatine ganglion

Buccal nerve

Mental nerve

Trigeminal nerve (CN V)

Trigeminal ganglion

Deep temporal nerves

Submandibular ganglion

Inferior alveolar nerve

Lingual nerve

Chorda tympani

Auriculotemporal nerve

Otic ganglion

Nerve to mylohyoid

B. Lateral View

9.11 TRIGEMINAL NERVE (CN V)

A. Cutaneous (somatic sensory) distribution. B. Branches of ophthalmic (CN V
1
), maxillary (CN V

2
), and 

 mandibular (CN V
3 
) divisions.

TABLE 9.5 TRIGEMINAL NERVE (CN V)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Ophthalmic division 
(CN V

1 
)

Somatic (general sensory)
Trigeminal ganglion/spinal, 
principal and mesencephalic 
nucleus of CN V

Superior orbital fi ssure Sensation from cornea, skin of forehead, scalp, eyelids, nose, and 
mucosa of nasal cavity and paranasal sinuses

Maxillary division 
(CN V

2 
)

Foramen rotundum Sensation from skin of face over maxilla including upper lip, maxil-
lary teeth, mucosa of nose, maxillary sinuses, and palate

Mandibular division 
(CN V

3 
)

Foramen ovale

Sensation from the skin over mandible, including lower lip and side 
of head, mandibular teeth, temporomandibular joint, and mucosa of 
mouth and anterior two thirds of tongue

Somatic (branchial) motor Motor nucleus of CN V Motor to muscles of mastication, mylohyoid, anterior belly of digas-
tric, tensor veli palatini, and tensor tympani
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B. Lateral View

Posterior clinoid
process

Internal carotid artery
Infundibulum

Anterior clinoid process

Supratrochlear nerve (CN V1)

Supra-orbital nerve (CN V1)

Levator palpebrae
superioris

Frontal nerve (CN V1)
Lacrimal nerve (CN V1)

Abducent nerve (CN VI)
Oculomotor nerve (CN III)

Trochlear nerve (CN IV)
Greater

Petrosal nerves

Trigeminal ganglion

Sensory root of
trigeminal nerve (CN V)

Trochlear nerve (CN IV)

Midbrain

Lesser
Ophthalmic nerve (CN V1)

Maxillary nerve (CN V2)
Mandibular nerve (CN V3)

Mouth of trigeminal cave

Optic nerves (CN II)

C. Lateral View

Supra-orbital nerve

Supratrochlear nerve

Lacrimal gland

Infratrochlear nerve

Communicating branch
with zygomatic nerve

Cutaneous branch of
lacrimal nerve

Short
ciliary
nerves

Zygomatic
nerve

(CN V2)

Ciliary ganglion

VV33

Anterior and posterior
ethmoidal nerves

Nasociliary nerve

Long ciliary nerve

Lacrimal nerve
Frontal nerve

VV11

VV22
V3

V1

V2

Supratrochlear nerve

Infratrochlear nerve

Anterior ethmoidal
nerve

Posterior
ethmoidal
nerve

Frontal nerve

Nasociliary nerve

Optic nerve (CN II)

Long ciliary nerves

Supra-orbital nerve

Lacrimal gland

Ophthalmic nerve
(CN V1)

Ciliary
ganglion

Short
ciliary
nerves

Lacrimal
nerve

Zygomatic nerve (CN V2)
(communicating branch carrying

secretory motor fibers to lacrimal gland)

A. Superior View

VV22V2

9.12 OPHTHALMIC NERVE (CN V1)

A. and B. Overview. C. Course through cavernous sinus.

TABLE 9.6 BRANCHES OF OPHTHALMIC NERVE (CN V
1 
)

Function Branches

Ophthalmic nerve (CN V
1 
)

Somatic sensory only at origin from trigeminal ganglion
Visceral motor: extracranially, conveys (1) postsynaptic parasympathetic fi bers from ciliary ganglion to ciliary body 

and  sphincter of pupillae; (2) postsynaptic parasympathetic fi bers from communicating branch of zygomatic nerve 
(CN V2) to lacrimal gland; and (3) postsynaptic sympathetic fi bers from internal carotid plexus to dilator pupillae 
and intra-ocular blood vessels.

Passes through superior orbital fi ssure to enter orbit
Supplies general sensory innervation to cornea, superior bulbar and palpebral conjunctiva, mucosa of anterosuperior 

nasal cavity, frontal, ethmoidal, and sphenoidal sinuses, anterior and supratentorial dura mater, skin of dorsum of 
external nose, superior eyelid, forehead and anterior scalp.

Somatic sensory CN Somatic sensory CN V1

Somatic sensory branches:
Tentorial nerve (an intracranial meningeal branch)
Lacrimal nerve [terminal portion also receives  

postsynaptic parasympathetic fi bers from zygomatic 
nerve (CN V2 ) and conveys them to lacrimal gland]

Frontal nerve
Supra-orbital nerve
Supratrochlear nerve

Nasociliary nerve
Sensory root of ciliary ganglion
Long and short ciliary nerves [also convey 

 postsynaptic sympathetic fi bers (from internal 
carotid plexus to eyeball additionally, short 
ciliary nerves convey  postsynaptic parasympathetic 
fi bers from ciliary ganglion to eyeball]

Anterior and posterior ethmoidal nerves
Anterior meningeal nerves
Internal and external nasal branches

Infratrochlear nerve

831CRANIAL NERVE V: TRIGEMINAL

Cranial Nerves
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832 CRANIAL NERVE V: TRIGEMINAL

Lacrimal gland

Communicating branch 
with zygomatic nerve

Zygomatic nerve

Infra-orbital nerve

Inferior palpebral branches

Nasal branches of 
infra-orbital nerve

Anterior superior alveolar nerve

Nasal branch of infra-orbital nerve

Superior dental plexus

Superior labial nerve

Superior dental branches

External 
Internal

Trigeminal
ganglion V3

Pterygopalatine ganglion

V1

Superior gingival branches

Middle superior alveolar nerve

Posterior superior alveolar nerve

Palatine nerves

V3

Maxillary sinus

A.  Lateral View

Maxillary nerve (CN V2)

Ganglionic branches

Meningeal branch

Pterygopalatine ganglion
in pterygopalatine fossa

Infra-orbital nerve

Greater and lesser
palatine nerves

Deep petrosal nerve

Greater petrosal nerve

Geniculate ganglion

Nerve of pterygoid canal

Mastoid process

Facial nerve (CN VII)

Tympanic membrane

Stylomastoid foramen
Chorda
tympani

Internal carotid
(sympathetic) plexus

B. Lateral View

Maxillary nerve (CN V2)

MAXILLARY NERVE (CN V2)9.13

TABLE 9.7 BRANCHES OF MAXILLARY NERVE (CN V
2  
)

Function Branches

Maxillary nerve (CN V
2
)

Somatic sensory only (proximally, at origin from trigeminal ganglion)
Visceral motor: distally, conveys (1) postsynaptic parasympathetic fi bers from pterygopalatine ganglion (presynaptic 

fi bers are from CN VII via greater petrosal nerve and nerve of pterygoid canal); and (2) postsynaptic sympathetic 
fi bers from superior cervical ganglion via internal carotid plexus (presynaptic fi bers are from intermediolateral 
column of gray matter, spinal cord segments T1–T3).

Passes through foramen rotundum to enter pterygopalatine fossa
Supplies dura mater of anterior aspect of lateral part of middle cranial fossa; conjunctiva of inferior eyelid; mucosa 

of  postero-inferior nasal cavity, maxillary sinus, palate, and anterior part of superior oral vestibule; maxillary teeth; 
and skin of lateral external nose, inferior eyelid, anterior cheek, and upper lip.

Somatic sensory CN Somatic sensory CN V2

Meningeal branch
Zygomatic branch

Zygomaticofacial branch
Zygomaticotemporal branch
Communicating branch to lacrimal nerve

Ganglionic branches to (sensory root of) pterygopalatine ganglion
Infra-orbital nerve

Posterior, middle, and anterior superior alveolar branches
Superior dental plexus and branches
Superior gingival branches

Inferior palpebral branches
External and internal nasal branches
Superior labial branches

Greater palatine nerve
Posterior inferior lateral nasal nerves

Lesser palatine nerves
Posterior superior lateral and medial nasal branches
Nasopalatine nerve
Pharyngeal nerve
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CRANIAL NERVE V: TRIGEMINAL

Trigeminal nerve (CN V) in C
Ophthalmic nerve (CN V1)
Maxillary nerve (CN V2)
Mandibular nerve (CN V3)

Posterior inferior
lateral nasal nerve

Internal nasal branch
of infra-orbital nerve

Nasal branch of
anterior superior

alveolar nerve

Internal
nasal branches of
anterior ethmoidal

nerve

Anterior
ethmoidal nerve

Nasopalatine
nerve

Posterior
superior lateral
nasal nerves

Nerve of
pterygoid canal

Pterygopalatine
ganglion

Olfactory bulb

Maxillary nerve (CN V2)

Lateral Wall

Pharyngeal
nerveLesserGreater

Palatine nerves

Right Nasal Cavity

Lesser Greater

Palatine nerves

Nasal Septum

Nasopalatine
nerve

Anterior
ethmoidal nerve

Internal nasal
branch of
infra-orbital nerve

External nasal
branches of anterior
ethmoidal nerve

Infra-orbital nerve and artery

Pterygopalatine ganglion in pterygopalatine fossa

Posterior superior alveolar artery and nerve

Posterior superior lateral nasal artery and nerve

Posterior inferior lateral nasal artery and nerve

Greater and lesser palatine nerves
and artery in palatine canal

Lesser palatine artery and nerve

Greater palatine
artery and nerve

Bony palate

Left
nasal
cavity

Right
nasal
cavity

Palatine canal

Nasal septum

Sphenopalatine artery

Nasopalatine nerve

Posterior view of cranium coronally
sectioned through the nasal cavities
and pterygopalatine fossa

Sphenoidal sinus

Oral cavity

Maxillary nerve (CN V2)

D

C

9.13 MAXILLARY NERVE (CN V2) (CONTINUED)

A. Overview. B. Nerves of pterygopalatine fossa. C. and D. Innervation of lateral wall and septum of nasal 

cavity and palate.
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834 CRANIAL NERVE V: TRIGEMINAL

Medial pterygoid

Buccal nerve

Lateral pterygoid

Nerves to medial and
lateral pterygoid

Masseteric nerve
Nerves to temporalis

Meningeal branch (nervus spinosus)

Auriculotemporal nerve

Parotid branch of auriculotemporal nerve

Nerve to mylohyoid

Lingual nerve

Inferior alveolar nerve

Masseter
Mental nerve

Inferior dental nerves

Mandibular nerve (CN V3)

Lateral View

MANDIBULAR NERVE (CN V3) 9.14

TABLE 9.8 BRANCHES OF MANDIBULAR NERVE (CN V
3   
)

Function Branches

Maxillary nerve (CN V
3 
)

Somatic sensory and somatic (branchial) motor
Special sensory: extracranially, conveys taste fi bers (from CN VII via chorda tympani nerve) to anterior 2/3 of tongue
Visceral motor: extracranially, conveys (1) presynaptic parasympathetic fi bers to submandibular ganglion 

(presynaptic fi bers are from CN VII via chorda tympani nerve); (2) postsynaptic parasympathetic fi bers from 
submandibular ganglion to submandibular and sublingual glands; and (3) postsynaptic parasympathetic fi bers from otic ganglion to 
parotid gland.

Passes through foramen ovale to enter infratemporal fossa
Supplies general sensory innervation to mucosa of anterior 2/3 of tongue, fl oor of mouth, and posterior and anterior inferior oral vestibule; 

mandibular teeth; and skin of lower lip, buccal and temporal regions of face, and external ear (anterior superior auricle, upper external 
auditory meatus, and tympanic membrane).

Supplies motor innervation to all 4 muscles of mastication, mylohyoid, anterior belly of digastric, tensor tympani and tensor veli palatin

Somatic motor CN Somatic motor CN V3Somatic sensory CN Somatic sensory CN V3

Somatic sensory branches:
Meningeal branch (nervus spinosum)
Buccal nerve
Auriculotemporal nerve (also conveys 
visceral motor fi bers)

Superfi cial temporal branches
Parotid branches

Lingual nerve (also conveys visceral 
motor and special sensory fi bers)

Inferior alveolar nerve
Nerve to mylohyoid
Inferior dental plexus

Inferior dental branches
Inferior gingival branches

Mental nerve
Somatic (branchial) motor branches:

Masseteric nerve
Medial and lateral pterygoid branches
Deep temporal nerves
Nerve to mylohyoid
Nerve to tensor tympani
Nerve to tensor veli palatini
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CRANIAL NERVE V: TRIGEMINAL

Maxillary nerve (CN V2)

Infra-orbital nerve and artery

Posterior superior alveolar nerve

Greater palatine artery

Lateral pterygoid plate

Gingival branches (branches to gums)

Buccal nerveNerve to medial pterygoid

Buccinator

Gingival branches (branches to gums)

Masseteric nerve
Deep temporal nerves

Nerve to lateral pterygoid

Maxillary artery

Lingual nerve

Medial pterygoid

Nerve to mylohyoid

Inferior alveolar nerve

Maxillary artery

Chorda tympani

Auriculotemporal nerve

Middle meningeal artery passing
through foramen spinosum

Mandibular nerve (CN V3)
passing through foramen ovale

B. Lateral View

CN V3

Chorda tympani
Inferior alveolar nerve
Lingual nerve

Nerve to mylohyoid

Anterior belly of digastric

Mylohyoid

Hyoid bone

Posterior belly
of digastric

Floor and side of mouth

Anterior two-thirds of tongue

Lingual nerve

Submandibular duct
Submandibular ganglion

Sublingual gland

Tongue

Lateral View Medial View

ANTERIORPOSTERIOR

C

9.14 MANDIBULAR NERVE (CN V3) (CONTINUED)

A. Overview. B. Deep dissection of CN V
3
 and branches at foramen ovale. 

C. Lateral aspect of tongue and medial aspect of mandible displayed as 

pages in an open book that is, the tongue has been refl ected from the 

mandible.
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836 CRANIAL NERVE V: TRIGEMINAL

TABLE 9.9 FACIAL NERVE (CN VII), INCLUDING MOTOR ROOT AND INTERMEDIATE NERVE     
a

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Temporal, zygomatic, buccal, 
mandibular, cervical, and pos-
terior auricular nerves, nerve to 
posterior belly of digastric, nerve 
to stylohyoid, nerve to stapedius

Somatic (branchial) motor Motor nucleus of CN VII Stylomastoid foramen Motor to muscles of facial expression and scalp;, 
also supplies stapedius of middle ear, stylohyoid, 
and posterior belly of digastric

Intermediate nerve through 
chorda tympani

Special sensory Geniculate ganglion/solitary 
nucleus

Internal acoustic meatus/facial canal/
petrotympanic fi ssure

Taste from anterior two thirds of tongue, through 
chorda tympani fl oor of mouth, and palate

Intermediate nerve Somatic (general) sensory Geniculate ganglion/spinal 
trigeminal nucleus

Internal acoustic meatus Sensation from skin of external acoustic meatus

Intermediate nerve through 
greater petrosal nerve

Visceral sensory Nuclei of solitary tract Internal acoustic meatus/facial canal/
foramen for greater petrosal nerve

Visceral sensation from mucous membranes of 
nasopharynx and palate

Greater petrosal nerve 
Chorda tympani

Visceral motor Presynaptic: superior saliva-
tory nucleus; Postsynaptic: 
pterygopalatine ganglion 
(greater petrosal nerve) and 
submandibular ganglion 
(chorda tympani)

Internal acoustic meatus/facial canal/
foramen for greater petrosal nerve, 
(greater petrosal nerve) petrotympanic 
fi ssure (chorda tympani)

Parasympathetic innervation to lacrimal gland 
and glands of the nose and palate (greater 
petrosal nerve); submandibular and sublingual 
salivary glands (chorda tympani)

aSee also Table 9.15.

Frontal belly of
occipitofrontalis

Greater petrosal nerve

Nerve of
pterygoid canal

Orbicularis oculi

Deep petrosal
nerve

Buccinator

Orbicularis oris

Sublingual gland

Submandibular gland

Submandibular ganglion

Occipital belly of
occipitofrontalis

Platysma

Cervical branch

Marginal mandibular branch

Lingual nerve (CN V3)

Buccal branch

Zygomatic branch

Temporal branch

Posterior auricular
nerve

Geniculate
ganglion

A. Lateral View

Facial nerve
(CN VII)

Facial nerve
(CN VII)

Intermediate
nerve

Pterygopalatine
ganglion

Chorda tympani

9.15 FACIAL NERVE (CN VII)

A. Overview. B. Parasympathetic motor innervation of lacrimal, submandibular, and sublingual glands.

C. Nerve of pterygoid canal.
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CRANIAL NERVE VII: FACIAL

Postsynaptic parasympathetic 
fibers from this ganglion 
innervate the lacrimal gland via 
the zygomatic branch of CN V2 
and the lacrimal nerve CN V1.

Parasympathetic fibers from 
the nerve of pterygoid canal in 
pterygopalatine fossa synapse 
in the pterygopalatine ganglion.

Nerve of the pterygoid canal 
travels through the pterygoid 
canal and enters the 
pterygopalatine fossa.

Greater petrosal nerve joins the 
deep petrosal nerve 
(sympathetic) at the foramen 
lacerum to form the nerve of 
the pterygoid canal.

Visceral motor (parasympathetic)
to lacrimal gland

Visceral motor (parasympathetic) to 
submandibular and sublingual glands

Greater petrosal nerve arises 
from CN VII at the geniculate 
ganglion and emerges from 
the superior surface of the 
petrous part of the temporal 
bone to enter the middle 
cranial fossa.

The chorda tympani passes 
through the petrotympanic 
fissure between the tympanic 
and petrous parts of the 
temporal bone to join the lingual 
nerve (CN V3) in infratemporal 
fossa; parasympathetic fibers of 
the chorda tympani synapse in 
the submandibular ganglion; 
postsynaptic fibers follow 
arteries to glands.

The chorda tympani crosses 
tympanic cavity medial to 
handle of malleus.

The chorda tympani branch 
arises from CN VII just superior 
to stylomastoid foramen.

Geniculate ganglion

Greater
petrosal
nerve

Foramen for greater petrosal nerve

Internal carotid
(sympathetic) plexus

Deep petrosal
nerve

Nerve of
pterygoid canal

V2

Zygomatic nerve
Lacrimal nerve

V3

Lacrimal gland

Facial nerve (CN VII)
at internal acoustic meatus

Petrotympanic fissure
for chorda tympani

Facial nerve at
stylomastoid

foramen

Mastoid
process

Nerve to
stapedius

Facial nerve
in facial canal

Chorda tympani
Lingual nerve

Internal carotid artery

Temporal branch

Zygomatic branch

Buccal branch
Marginal mandibular

branch
Cervical branch

Posterior auricular
branch

Sublingual gland

Submandibular gland
Submandibular ganglion

Pterygopalatine
ganglion

Pterygopalatine
ganglionCN VII

CN V
Nerve of pterygoid canal

Lingual nerve

Inferior alveolar
nerve

Posterior
auricular branch Chorda

tympani

B

C

FACIAL NERVE (CN VII) (CONTINUED)9.15
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838 CRANIAL NERVE VIII: VESTIBULOCOCHLEAR

ANTERIOR

POSTERIOR

Squamous part of
temporal bone (blue)

Cochlea

Vestibule

Petrosquamous fissure

Endolymphatic
duct and sac

Petrous part of
temporal bone (green) 

Mastoid part of
temporal bone (purple) 

Internal acoustic
meatus

Foramen
magnum

Anterior

Lateral

Posterior

Semicircular
canals

Semicircular duct

Vestibular
ganglion

Saccule

Utricle
Maculae

Endolymphatic sac

Cochlear (spiral)
ganglion

Cochlear duct  

Vestibulocochlear
nerve (CN VIII)

Vestibulocochlear
nerve (CN VIII)

Internal
acoustic
meatus

Cochlear nerve

Vestibular nerve

Cochlear nerve

Vestibular nerve Medulla oblong

Pons

Midbrain

ata

A. Superior View

Ampullae of semicircular ducts
(containing ampullary crests)

B

9.16 VESTIBULOCOCHLEAR NERVE (CN VIII)

A. Cochlea and semicircular canals in situ in the cranium. B. Schematic overview of distribution.

TABLE 9.10 VESTIBULOCOCHLEAR NERVE (CN VIII)

Part of Vestibulocochlear Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Vestibular nerve

Special sensory
Vestibular ganglion/vestibular nuclei

Internal acoustic meatus
Vestibular sensation from semicircular ducts, utricle, and 
saccule related to position and movement of head

Cochlear nerve Spiral ganglion/cochlear nuclei Hearing from spiral organ

Agur_Chap09.indd   838Agur_Chap09.indd   838 11/15/2011   11:12:10 AM11/15/2011   11:12:10 AM



839
Cranial Nerves

CRANIAL NERVE VIII: VESTIBULOCOCHLEAR

Modiolus

Spiral ganglion                      

Osseous
spiral lamina

Cochlear nerve

Cochlear (spiral)
ganglion with cut edge                      

Otic capsule

Osseous
spiral lamina

Spiral ganglion

Cochlear
duct

Scalae
communicating
via helicotrema
(arrow)

Section of cochlea

Cochlear nerve
(enters modiolus)

Vestibular membrane Spiral organ
Tectorial membrane

Internal spiral sulcus

Border cells

Osseous
spiral lamina

Cochlear nerve

Spiral ganglion

Cochlear duct

Vascular stria

Cells of Hensen

Spiral ligament

Basilar membrane

Outer hair cells

Scala vestibuli

Inner hair cells Scala tympani

D

Vestibular ganglion

Spiral canal–site of spiral organ (of Corti)

Cochlea

Cochlear (spiral) ganglion

Superior division

Inferior division 

Semicircular canals

Anterior

Posterior

Lateral

Ampullae of semicircular ducts

Common limb

Semicircular
ducts

Utricle

Basal turn of cochlea

Posterior ampullary nerve

Vestibulocochlear
nerve (CN VIII)

Vestibular nerve

Cochlear nerve

Saccule

C. Lateral View

9.16 VESTIBULOCOCHLEAR NERVE (CN VIII) (CONTINUED)

C. Labyrinthine and cochlear apparatus, nerves and ganglia. D. Structure of cochlea.

Observe in D:

• The cochlear duct is a spiral tube fi xed to the internal and external walls of 

the cochlear canal by the spiral ligament.

• The triangular cochlear duct lies between the osseous spiral lamina and 

the external wall of the cochlear canal.

• The roof of the cochlear duct is formed by the vestibular membrane and 

the fl oor by the basilar membrane and osseous spiral lamina.

• The receptor of auditory stimuli is the spiral organ (of Corti), situated on 

the basilar membrane; it is overlaid by the gelatinous tectorial membrane.

• The spiral organ contains hair cells that respond to vibrations induced in 

the endolymph by sound waves.

• The fi bers of the cochlear nerve are axons of neurons in the spiral gan-

glion; the peripheral processes enter the spiral organ (of Corti).
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840 CRANIAL NERVE IX: GLOSSOPHARYNGEAL

Tongue

Tonsillar branch

Tubal branch

Pharyngeal branch on
posterior pharyngeal wall

Lesser petrosal nerve

Pharyngeal branches
 on inferior pharyngeal

constrictor

Carotid sinus

Carotid body

Tympanic nerve in
tympanic canaliculus

Glossopharyngeal
nerve (CN IX)

Glossopharyngeal
nerve (CN IX)

Stylopharyngeal branches

Stylopharyngeus

Carotid branch 

Middle pharyngeal constrictor

A. Lateral View

Common carotid artery

Internal carotid artery

External carotid artery

Carotid body

Carotid sinus

Posterior View

Tympanic plexus

TABLE 9.11 GLOSSOPHARYNGEAL NERVE (CN IX)
a

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Glossopharyngeal Somatic (branchial) motor Nucleus ambiguus

Jugular foramen

Motor to stylopharyngeus that assists with swallowing

Visceral motor Presynaptic: inferior salivatory nucleus; 
postsynaptic: otic ganglion

Parasympathetic innervation to parotid gland

Visceral sensory Nuclei of solitary tract, spinal trigeminal nucleus/
inferior ganglion

Visceral sensation from parotid gland, carotid body, carotid sinus, 
pharynx, and middle ear

Special sensory Nuclei of solitary tract /inferior ganglion Taste from posterior third of tongue

General sensory Spinal trigeminal nucleus/superior ganglion Cutaneous sensation from external ear
aSee also Table 9.15.

9.17 GLOSSOPHARYNGEAL NERVE (CN IX)

A. Overview of distribution. B. and C. Parasympathetic innervation.
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CRANIAL NERVE IX: GLOSSOPHARYNGEAL

Postsynaptic fibers pass to parotid 
gland via branches of 
auriculotemporal nerve (CN V3).

Parasympathetic fibers synapse in 
the otic ganglion.

Lesser petrosal nerve leaves the 
cranium through the foramen ovale.

Lesser petrosal nerve penetrates roof 
of tympanic cavity (tegmen tympani) 
to enter middle cranial fossa.

The lesser petrosal nerve arises as a 
branch of the tympanic plexus.

Tympanic nerve forms the tympanic 
plexus on the promontory of middle 
ear.

Tympanic nerve enters the middle 
ear via the tympanic canaliculus in 
petrous part of the temporal bone.

Visceral motor (parasympathetic)
innervation of parotid gland

Tympanic nerve arises from CN IX 
and emerges with it from jugular 
foramen.

Lesser petrosal nerve

Otic ganglion

Tympanic nerve

Pharyngotympanic
tube

Stylopharyngeus

Styloid process

Stylopharyngeal branch

Stylohyoid
ligament

Soft palate

Palatine tonsil

Hyoid

Tongue

Carotid sinus

Carotid branch

Mastoid process

Inferior ganglion

Superior ganglion

Glossopharyngeal
nerve (CN IX)

Facial nerve (CN VII)

Parotid gland

Parotid branches of
auriculotemporal nerve
(CN V3)

Tonsillar branches

Lingual branches

Pharyngeal branches
on middle pharyngeal

constrictor

Lesser petrosal nerve in
middle cranial fossa

Trigeminal ganglion

Mandibular nerve (CN V3)

Otic ganglion

Parotid gland

Parotid branch of
auriculotemporal nerve

Auriculotemporal nerve

Tympanic nerve

Mastoid cells

Tympanic plexus

Tympanic plexus

Facial nerve (CN VII)

Lateral View

Parotid duct

B

C

GLOSSOPHARYNGEAL NERVE (CN IX) (CONTINUED)9.17
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842 CRANIAL NERVE IX: GLOSSOPHARYNGEAL

Anterior Views

Pharyngeal branch of vagus nerve

Left vagus nerve
(CN X)Vagus nerve

(CN X) Left recurrent laryngeal nerve

Cardiac plexus

Branches of
cardiac plexus

Splenic branches

Pancreatic branches 

Left colic
(splenic) flexure
of large intestine

Branches to the small and
large intestines as far along
GI tract as left colic flexure

Anterior vagal trunk

Anterior branches
of gastric nerves

Right vagus nerve
(CN X)

Pulmonary plexus

Inferior cervical
cardiac branches

Right recurrent laryngeal nerve

Superior cervical cardiac branch

Laryngeal nerve
External

Internal

Sinus nerve

Superior laryngeal nerve

Right colic
(hepatic) flexure

Renal branches

Pyloric branch

Superior mesenteric ganglion

Celiac ganglion and plexus

Posterior vagal trunk

Esophageal plexus

Hepatic branches

Posterior
gastric branches

Esophageal
plexus Anterior

gastric
branchesAnterior

vagal
trunk

Posterior
vagal trunk

Diaphragm

Esophagus

Stomach

B A

9.18 VAGUS NERVE (CN X)

A. Course in neck, thorax and abdomen. B. Anterior and posterior vagal trunks. C. Branches in neck. 

D. Superior and inferior ganglia of vagus nerve.
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CRANIAL NERVE X: VAGUS

Motor branch to muscles of 
palate (except tensor veli palatini)

Palate

Tongue

Right recurrent laryngeal nerve

Vagus nerve (CN X)

External branch

Inferior pharyngeal
constrictor

Internal branch

Carotid sinus

Superior laryngeal nerve

Branch to carotid sinus

Superior laryngeal nerve

Pharyngeal branch

Inferior
Ganglion

Superior

Vagus nerve
(CN X)

Auricular branch

 Lateral Views

Jugular foramen

Glossopharyngeal  nerve (CN IX) Internal carotid artery

Superior ganglion of 
glossopharyngeal nerve 

Inferior ganglion of 
glossopharyngeal nerve 

Pharyngeal nerve 

Carotid sheath 

Superior laryngeal nerve

Internal branch

External branch

Vagus nerve (CN X)

Spinal accessory nerve (CN XI)

Internal jugular vein

Superior ganglion of vagus nerve

Inferior ganglion of vagus nerve

Cricothyroid

C

D

TABLE 9.12 VAGUS NERVE (CN X)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Vagus Branchial motor Nucleus ambiguus

Jugular foramen

Motor to constrictor muscles of pharynx, intrinsic muscles of larynx, 
muscles of palate (except tensor veli palatini), and striated muscle in 
superior two thirds of esophagus

Visceral motor Presynaptic: posterior (dorsal) nucleus of CN X; 
Postsynaptic: neurons in, on, or near viscera

Parasympathetic innervation to smooth muscle of trachea, bronchi, 
and digestive tract, cardiac muscle

Visceral sensory Nuclei of solitary tract, spinal trigeminal nucleus/
inferior ganglion

Visceral sensation from base of tongue, pharynx, larynx, trachea, 
bronchi, heart, esophagus, stomach, and intestine

Special sensory Nuclei of solitary tract/inferior ganglion Taste from epiglottis and palate

General sensory Spinal trigeminal nucleus/superior ganglion Sensation from auricle, external acoustic meatus, and dura mater of 
posterior cranial fossa

VAGUS NERVE (CN X) (CONTINUED)9.18
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844 CRANIAL NERVE XI: SPINAL ACCESSORY

Branches of cervical plexus (C2-4)
adding sensory fibers to motor fibers
of CN XI for SCM and trapezius

Posterior rootlets
of C4

Trapezius

Jugular foramen

Spinal accessory nerve (CN XI)

Spinal accessory nerve
(CN XI)

Sternocleidomastoid (SCM)

Foramen magnum

B. Posterior View

A. Posterior View

Glossopharyngeal nerve
(CN IX)

Vagus nerve (CN X)

Internal acoustic meatus

Spinal accessory nerve (CN XI)

Structures traversing foramen magnum

Spinal accessory nerve (CN XI)
Anterior ramus (C1)

Transverse process of atlas (C1 vertebra)

Posterior tubercle of atlas (C1 vertebra)

Posterior ramus (C1)

Vestibulocochlear nerve
 (CN VIII)

Facial nerve (CN VII)

Atlanto-occipital joint

Jugular foramen

9.19 SPINAL ACCESSORY NERVE (CN XI)

A. Schematic illustration of distribution. B. Intracranial course.

TABLE 9.13 SPINAL ACCESSORY NERVE (CN XI)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Spinal accessory Somatic motor Accessory nucleus of spinal cord Jugular foramen Motor to sternocleidomastoid and trapezius
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Intrinsic muscles
of tongue 

Hyoglossus

Genioglossus

Geniohyoid

Thyrohyoid

Sternohyoid

Sternothyroid

Stylogossus

Inferior root

Superior root

Ansa
cervicalis

Internal carotid artery

Hypoglossal
nerve (CN XII)

C1

Nerve roots
of cervical

plexus
C2

C3

B. Lateral View

Nerve to thyrohyoid

Prominence due to
dens of axis

Jugular tubercle

Hypoglossal
nerve (CN XII)

Hypoglossal
nerve (CN XII)

Vertebral artery

Spinal accessory
nerve (CN XI)

C2 nerve
posterior rootlets

Denticulate
ligament

C1 nerve
anterior root

Hypoglossal
nerve (CN XII)

Glossopharyngeal
nerve (CN IX)

A. Superior View

Spinal cord

9.20 HYPOGLOSSAL NERVE (CN XII)

A. Intracranial exit from cranium into  hypoglossal 

canal. B. Schematic illustration of distribution.

TABLE 9.14 HYPOGLOSSAL NERVE (CN XII)

Nerve Functional Components Cells of Origin/Termination Cranial Exit Distribution and Functions

Hypoglossal Somatic motor Nucleus of CN XII Hypoglossal canal Motor to muscles of tongue (except palatoglossus)
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846 SUMMARY OF AUTONOMIC GANGLIA OF HEAD

TABLE 9.15 AUTONOMIC GANGLIA OF HEAD

Ganglion Location Parasympathetic Root (Nucleus of 
Origin)a

Sympathetic Root Main Distribution

Ciliary Between optic nerve and 
lateral rectus, close to apex 
of orbit

Inferior branch of oculomotor nerve 
(CN III) (Edinger-Westphal nucleus)

Branch from internal carotid plexus 
in cavernous sinus

Parasympathetic postsynaptic fi bers from ciliary ganglion 
pass to ciliary muscle and sphincter, pupillae of iris; 
sympathetic postsynaptic fi bers from superior cervical 
ganglion pass to dilator pupillae and blood vessels of eye

Pterygopalatine In pterygopalatine fossa, 
where it is attached by 
 pterygopalatine branches 
of maxillary nerve; located 
just anterior to opening of 
 pterygoid canal and inferior 
to CN V2

Greater petrosal nerve from facial 
nerve (CN VII) (superior salivatory 
nucleus)

Deep petrosal nerve, a branch of 
internal carotid plexus that is con-
tinuation of postsynaptic fi bers of 
cervical sympathetic trunk; fi bers 
from superior cervical ganglion 
pass through pterygopalatine gan-
glion and enter branches of CN V2

Parasympathetic postsynaptic fi bers from pterygopalatine 
ganglion innervate lacrimal gland through zygomatic 
branch of CN V2; sympathetic postsynaptic fi bers from 
superior cervical ganglion accompany branches of ptery-
gopalatine nerve that are distributed to the nasal cavity, 
palate, and superior parts of the pharynx

Otic Between tensor veli palatini 
and mandibular nerve; lies 
inferior to foramen ovale

Tympanic nerve from glossopharyn-
geal nerve (CN IX); tympanic nerve 
continues from tympanic plexus as 
lesser petrosal nerve (inferior saliva-
tory nucleus)

Fibers from superior cervical gan-
glion travel via plexus on middle 
meningeal artery

Parasympathetic postsynaptic fi bers from otic ganglion 
are distributed to parotid gland through auriculotemporal 
nerve (branch of CN V3  ); sympathetic postsynaptic fi bers 
from superior cervical ganglion pass to parotid gland and 
supply its blood vessels

Submandibular Suspended from lingual nerve 
by two short roots; lies on 
surface of hyoglossus muscle 
inferior to submandibular duct

Parasympathetic fi bers join facial nerve 
(CN VII) and leave it in its chorda tym-
pani branch, which unites with lingual 
nerve (superior salivatory nucleus)

Sympathetic fi bers from superior 
cervical ganglion travel via the 
plexus on facial artery

Postsynaptic parasympathetic fi bers from submandibular 
ganglion are distributed to the sublingual and subman-
dibular glands; sympathetic fi bers supply sublingual and 
submandibular glands and appear to be secretomotor

a  For location of nuclei, see Figure 9.3.

SUMMARY OF AUTONOMIC INNERVATION OF HEAD9.21
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Cranial Nerves

SUMMARY OF CRANIAL NERVE LESIONS

A. Right oculomotor (CN III) nerve palsy

Right eye: Downward and outward
gaze, dilated pupil, eyelid manually
elevated due to ptosis

Right

Left

Left eye: Does not abduct

Direction of gaze

C. Right facial (CN VII) palsy (Bell palsy)

D. Right CN XI lesion

E. Right CN XII lesionB. Left abducent (CN VI) nerve palsy

CRANIAL NERVE LESIONS9.22

TABLE 9.16 SUMMARY OF CRANIAL NERVE LESIONS

Nerve Lesion Type and/or Site Abnormal Findings

CN I Fracture of cribriform plate Anosmia (loss of smell); cerebrospinal fl uid (CSF) rhinorrhea (leakage of CSF through nose)

CN II Direct trauma to orbit or eyeball; fracture involving optic canal Loss of pupillary constriction

Pressure on optic pathway; laceration or intracerebral clot in 
temporal, parietal, or occipital lobes of brain

Visual fi eld defects

Increased CSF pressure Swelling of optic disc (papilledema)

CN III Pressure from herniating uncus on nerve; fracture involving 
cavernous sinus; aneurysms

Dilated pupil, ptosis, eye rotates inferiorly and laterally (down and out), pupillary refl ex on the side of 
the lesion will be lost (A)

CN IV Stretching of nerve during its course around brainstem; 
fracture of orbit

Inability to rotate adducted eye inferiorly

CN V Injury to terminal branches (particularly CN V2 ) in roof of 
maxillary sinus; pathologic processes (tumors, aneurysms, 
infections) affecting trigeminal nerve

Loss of pain and touch sensations/paresthesia on face; loss of corneal refl ex (blinking when cornea 
touched); paralysis of muscles of mastication; deviation of mandible to side of lesion when mouth is 
opened

CN VI Base of brain or fracture involving cavernous sinus or orbit Inability to rotate eye laterally; diplopia on lateral gaze (B)

CN VII Laceration or contusion in parotid region Paralysis of facial muscles; eye remains open; angle of mouth droops; forehead does not wrinkle (C)

Fracture of temporal bone As above, plus associated involvement of cochlear nerve and chorda tympani; dry cornea and loss of 
taste on anterior two thirds of tongue

Intracranial hematoma (“stroke”) Weakness (paralysis) of lower facial muscles contralateral to the lesion, upper facial muscles are not 
affected because they are bilaterally innervated

CN VIII Tumor of nerve Progressive unilateral hearing loss; tinnitus (noises in ear); vertigo (loss of balance)

CN IXa Brainstem lesion or deep laceration of neck Loss of taste on posterior third of tongue; loss of sensation on affected side of soft palate; loss of gag 
refl ex on affected side

CN X Brainstem lesion or deep laceration of neck Sagging of soft palate; deviation of uvula to unaffected side; hoarseness owing to paralysis of vocal 
fold; diffi culty in swallowing and speaking

CN XI Laceration of neck Paralysis of sternocleidomastoid and superior fi bers of trapezius; drooping of shoulder (D)

CN XII Neck laceration; basal skull fractures Protruded tongue deviates toward affected side; moderate dysarthria, disturbance of  articulation (E)

aIsolated lesions of CN IX are uncommon; usually, CN IX, X, and XI are involved together as they pass through the jugular foramen.
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848 SECTIONAL IMAGING OF CRANIAL NERVES

Optic nerve (CN II)

Optic chiasm

Optic tract

Mammillary body

Cerebral crus

Cerebral aqueduct

Superior colliculus of midbrain

Infundibulum

CN III adjacent to 
cavernous sinus

Dorsum sellae

Oculomotor nerve (CN III)

Interpeduncular fossa

Cerebral aqueduct

Cerebral crus

Inferior colliculus of midbrain

Sphenoidal sinus

Maxillary nerve (CN V2)

Temporal lobe

Internal carotid artery

Trigeminal cave

Basilar artery

Trigeminal nerve (CN V)

Pons

4th ventricle

Cerebellum

A

B

C

9.23 TRANSVERSE MRIs THROUGH HEAD, SHOWING CRANIAL NERVES

A. Optic nerve (CN II). B. Oculomotor nerve (CN III). C. Trigeminal nerve (CN V).
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Cranial Nerves

SECTIONAL IMAGING OF CRANIAL NERVES

Cerebellum Basilar artery Internal carotid artery in carotid canal

Abducent nerve (CN VI)

Internal acoustic meatus

Facial nerve
(CN VII)
Vestibulocochlear nerve
(CN VIII)

Pons4th ventricle

Internal jugular
vein Sphenoid bone Vertebral artery

Occipital bone

Internal carotid artery

Jugular foramen

Glossopharyngeal nerve (CN IX)
Vagus nerve (CN X)
Spinal accessory nerve (CN XI)

Medulla oblongata Cerebellum

Vertebral arteries Occipital bone

Internal carotid artery

Internal jugular vein

Hypoglossal nerve (CN XII)
in hypoglossal canal

Medulla oblongata

Cerebellum

E

D

F

9.23 TRANSVERSE MRIs THROUGH HEAD, SHOWING CRANIAL NERVES (CONTINUED)

D. Abducent (CN VI), facial (CN VII), and vestibulocochlear (CN VIII) nerves. E. Glossopharyngeal (CN IX), vagus 

(CN X), and spinal accessory (CN XI) nerves. F. Hypoglossal nerve (CN XII).
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Frontal lobe

Eyeball

Middle concha

Nasal septum

Inferior concha

Olfactory bulb

Olfactory nervesEthmoidal sinus

Maxillary sinus

A

Cerebral crus of midbrain

Temporal lobe

Pons

Trigeminal nerve (CN V)

Basilar artery

Vertebral arteries

B

C

3rd ventricle

Hypothalamus

Posterior cerebral artery

Oculomotor nerve (CN III)

Superior cerebellar artery

Basilar artery

Trigeminal nerve (CN V)

Superior concha

Crista galli

Anterior View 

9.24 CORONAL MRIs THROUGH HEAD, SHOWING CRANIAL NERVES

A. Olfactory bulb. B. Trigeminal (CN V) nerve. C. Oculomotor (CN III) and trigeminal (CN V) nerves.

850 SECTIONAL IMAGING OF CRANIAL NERVES
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