
Lab 17 Abdomen IV

Diaphragm, kidneys and posterior abdominal wall

1. Understand and be able to demonstrate the gross structure, blood supply, venous drainage, innervation and relationships of the kidneys and suprarenal glands. The position, orientation and relationships of the ureter should also be understood.

The kidneys should be a bean shaped, paired organ located retroperitoneal.  Due to the liver the right kidney usually is located slightly lower than the left, but as a general rule the 12th rib cuts across the upper portion of the kidneys(the 11th rib may run across the left kidney).  The kidney is a lobed organ that is covered by a fibrous capsule giving it a slightly shiny appearance.  Along the median border of the kidney is the hilum which is the passage point for the renal artery, renal vein, nerves, lymphatics, and the ureter enter or exit.  The space through which these all enter and leave is known as the renal sinus.  The parenchyma is made up of the cortex and the medulla.  The cortex contains renal corpuscles and the convoluted parts of the renal tubules from the nephron.  Inside the cortex is located the medulla, pyramidal sections separated by projections of the cortex known as renal columns.  Located within the medulla are the ascending, descending and collecting tubules.  The renal papilla (apex of the pyramids) points towards the renal sinus.  The medullas drain into the minor calices which drain towards the major calices.  The major calices then drain into the renal pelvis which becomes the ureter.  The renal pelvis is located outside the kidney and becomes the ureter as it narrows.

Just below the origin of the superior mesenteric artery the two renal arteries leave the aorta.  The right artery passes behind the inferior vena cava and originates slightly higher than the left.  The renal artery gives off an inferior suprarenal branch, ureteric branch, pelvic branch and segmental arterie.  There are five (5) renal segments.  These segments are the superior, the anterior superior, the anterior inferior, the inferior and the posterior.  The segments give rise to interlobar arteries which then become the arcuate arteries.  The arcuate arteries give rise to the small radiate arterioles of the cortex (the cortical radiate and the perforating or capsular radiate arteries).  The renal veines lie anterior to the renal arteries.  They both enter into the vena cava.  The renal arteries do not have a segmented structure like the arteries do and instead anastomoze with each other.  The left renal vein passes anterior to the aorta and posterior to the superior mesenteric artery in a nutcracker arrangement.  The upper lumbar vein, left inferior phrenic and suprarenal veins and the left gonadal veins drain into the left renal vein.  The right renal vein is very short and directly joins the vena cava. The renal plexus is formed from the celiac plexus, the lowest splanchnic nerve and/or the renal branch of the lesser splanchnic nerve.  Renal ganglia can be seen on the renal arteries.  As throughout the body, sympathetic fibers control the blood flow into the kidneys.  GVA fibers transmit pain sensations.

The renal artery supplies the upper end of the ureters and the inferior vesical arteries supply the pelvic end.  There are also many uteric branches(from the aorta, testicular artery or the iliac arteries) which supply the ureter from other arteries.  The veins of the ureter follow the same pattern as the arteries.  The innervation of the ureters is by the ureteric plexus.  This consists of GVA and GVE fibers from the aortic plexus.  Stimulation of the renal plexus increases peristalsis of the ureter.  

Located superior to the kidney one can find the suprarenal or adrenal gland.  This is a fatty looking gland that is made up of two cell forms.  It is divided into a cortex and a medulla.  The medulla secretes epinephrine and norepinephrine while the cortex secretes steroid hormones such as cortisone.  The suprarenal glands are supplied by the superior suprarenal arteries, which branch from the inferior phrenic arteries, the middle suprarenal arteries which, branch from the aorta and the inferior suprarenal arteries, which branch from the renal arteries.  The innervation of the suprarenal glands is via the suprarenal plexus.  The suprarenal plexus is formed from the greater splanchnic nerve and the celiac plexus.  It consists of preganglionic sympathetic fibers.

The upper third of both kidneys lies on the diaphragm, therefore the pleural sac extends inferiorly below the level of the suprarenal glands and the uppermost portion of the kidneys.  The right kidney lies partially behind the bare area of the liver.

2. Know the component parts of the diaphragm and be able to demonstrate its blood supply, innervation and anatomical relationships on the cadaver.
The fibers of the diaphragm are arranged around a central tendon.  The fibers are divided into the sternal, costal and lumbar portions.  The sternal part arises from the xiphoid process.  The costal part arises from the lower six costal cartilages.  The lumbar part arises from the superior three lumbar vertebrae via the right and left crura.  Some fibers also arise from the medial and lateral arcuate ligaments.  There are three holes through the diaphragm.  The vena cava enters with the phrenic nerve at the level of T8 just right of the midline.  The esophagus enters with the vagus nerve and the esophageal branches of the left gastric vessels at the level of T10.  It enters just left of the midline and is surrounded by muscular fibers of the left crus.  The aorta enters along with the azygos vein, thoracic duct and greater splanchnic nerve at T12.  It is found behind the median arcuate ligament and between the overlapping right and left crural fibers.  The costal margin of the diaphragm is supplied with blood by the lower five intercostal and subcostal arteries.  The right and left inferior phrenic arteries supply most of the fibers which arise from the crura.  The diaphragm also receives blood from the musculophrenic, pericardiophrenic and superior phrenic arteries.  Innervation of the diaphragm is mainly from the right and left phrenic nerves.  Motor innervation is solely by the phrenic nerves and each side receives its own innervation.  Sensory innervation is by both the phrenic nerves and by the intercostal nerves.  The intercostal nerves supply the peripheral portion of the diaphragm.  

3. Understand the composition, course and distribution of the autonomic nerves and nerve plexuses of the abdomen. This includes the sympathetic chain, greater and lesser splanchnic nerves, the lumbar splanchnic nerves, the celiac and superior mesenteric plexuses and ganglia, and the aortic plexus and its continuation as the superior hypogastric plexus.


The abdomen receives both parasympathetic and sympathetic innervation via nerve plexi that lie on the anterior surface of the abdominal aorta.

Parasympathetic

Parasympathetic innervation is provided by the vagus nerve and by the pelvic splanchnic nerves.  The vagus nerve joins the celiac plexus after piercing the diaphragm through the esophageal hiatus.  It carries motor, secretory and sensory nerves to the gut and its glands up to the transverse colon.  The pelvic splanchnic nerves join the inferior hypogastric plexus and provide motor, secretory and sensory innervation to the descending colon and the rectum.

Sympathetic

The sympathetic nerves of the abdomen are supplied via the sympathetic trunks of the lumbar region and the thoracic sympathetic trunks (via the celiac plexus).


Celiac plexus


The celiac plexus supplies the viscera of the abdomen.  It is located at the origin of the celiac trunk at the level of L1 and the superior border of the pancreas.  The greater and lesser splanchnic nerves enter the celiac ganglia after piercing the crura of the diaphragm.


Greater Splanchnic Nerve


Nerves from the 5th-9th roots of the thoracic sympathetic trunk form the GSN.  It runs inferiorly along the vertebral bodies located between the azygous vein and the sympathetic trunk.  


Lesser Splanchnic Nerve


The LSN is made up of nerves from the 9th and 10th sympathetic ganglia.  It runs lateral to the greater splanchnic nerve.


Lumbar Splanchnic Nerves

The lumbar splanchnic nerves are made from branches of the lumber sympathetic trunk (which also supplies somatic branches for the lower abdominal wall and the lower limb).  They supply the pelvic viscera after contributing to the celiac, aortic and superior hypogastric plexuses.  The right sympathetic trunk lies posterior to the inferior vena cava and the right ureter.  

Aortic plexus

The aortic plexus is a continuous network of nerves from the aortic hiatus to the bifurcation of the aorta.  At this point the aortic plexus becomes the superior hypogastric plexus.

Superior Hypogastric plexus

This plexus is continuous with the aortic plexus and like the aortic plexus lies anterior to the aorta.  It also lies anterior to the median sacral vessels.  It receives two inferior lumbar splanchnic nerves and divides into the right and left hypogastric nerves.

4. Know the structure, attachments and relationships of the quadratus lumborum and psoas major (iliopsoas) muscles.


The quadratus lumborum forms a thick muscular sheet in the posterior abdominal wall.  It lies adjacent to the transverse process of the lumbar vertebrae and becomes broader inferiorly.  It attaches superiorly to the medial half of the 12th rib and to the tips of the transverse processes of the lumbar vertebrae.  It attaches inferiorly to the iliolumbar ligament and to the internal lip of the iliac crest.  It is segmentally innervated by T12-L4 and functions in extension and lateral flexion of the vertebral column.


The Psoas major muscle is a thick muscle that lies lateral to the lumbar vertebrae.  It arises from the transverse processes of the lumbar vertebrae, the bodies of T12-L5 and to the intervening intervertebral discs.  It runs deep to the inguinal ligament and inserts via a strong tendon to the lesser trochanter of the femur.  The lumbar plexus can be found embedded in this muscle.  This supplies the innervation via L2-L4.  


The iliacus muscle is the triangular muscle that lies along the lateral side of the inferior part of the psoas major.  The psoas and the iliacus are often referred to as the iliopsoas muscle.  This is the major flexor of the thigh.

5. Be able to trace the course of the abdominal aorta and inferior vena cava and tributaries.

Review the previous two labs for a detailed description of the vasculature.

Aorta--pierces the diaphragm at the level of T12, bifurcates at L4.


Left and Right Inferior Phrenic Arteries


Celiac Trunk



Common hepatic




Proper hepatic





Right gastric





Right hepatic






Cystic





Left hepatic




Gastroduodenal





Posterior and anterior superior pacreaticoduodenal





Right gastroepiploic



Splenic




Pancreatic





Dorsal pancreatic





Greater pancreatic




Left gastroepiploic




Caudal pancreatic



Left gastric




esophageal

Right and Left Suprarenal Arteries


Superior Mesenteric



Inferior pancreaticoduodenal



Middle colic



Right Colic



Ileocolic



Jejunal and ileal


Right and Left Renal Arteries

Inferior Mesenteric--L3



Left Colic



Sigmoid



Superior rectal


Left and Right common iliac arteries

Inferior Vena Cava


The IVC is formed anterior to L5 by the union of the common iliac veins.  It lies slightly to the right to the median plane and has its bifurcation just inferior to the bifurcation of the aorta.  It lies on L3-L5, the right psoas muscle, the right sympathetic trunk, the right crus of the diaphragm and the right suprarenal gland.  The IVC pierces the diaphragm at the level of T8.  Its tributaries include:


Right, left and middle hepatic veins

I
Inferior Phrenic


Azygous???


Right suprarenal

Right and left renal veins--at the level of L2



Also to the azygous



Right from the right kidney



Left from the left kidney, left suprarenal vein, left gonadal vein.


Right gonadal vein


3rd and 4th lumbar veins (communicate with the vertebral venous plexus)


Common Iliac Veins

6. Recognize the images or positions of the retroperitoneal structures (kidneys, ureters suprarenal glands, aorta and inferior vena cava) and the muscular components of the posterior abdominal wall (quadratus lumborum and psoas muscle) in CT scans and radiographs.

Other important things to know

Accessory spleens can occur near the hilum of the spleen, be embedded in the tail of the pancreas or lie between layers of the gastrosplenic ligament.  They are important because they must be removed in a spleenectomy to eliminate the symptoms arising from the splenic tissue.  


The adrenal cortex secrets steroidal hormones such as cortisone while the medulla secretes epi and norepi.


The ureter lies posterior to the renal artery and vein and are therefore best approached from a dorsal direction while the artery and vein are best approached from the ventral direction.  The duodenum lies inferior to the left renal vein.  Both lie posterior to the superior mesenteric artery but anterior to the aorta.


There are several areas where hernias of the diaphragm may occur.  If the diaphragm fails to arise from the left lateral arcuate ligament (the vertebrocostal triangle) it is possible for the abdominal contents to enter the pleural cavity.  Also, hiatal hernias are common at the esophageal hiatus.


Lab 16

Pelvis I

1. 
Know the basic osteological features of the bony pelvis which includes the sacrum and the paired coxal bones and their three components, ilium, ischium and pubis.  The important parts are the:

           acetabulum greater sciatic notch

           obturator foramen lesser sciatic notch

           ischiopubic ramus arcuate line

           iliopubic (iliopectineal) eminence true (minor) pelvis

           pubic crest false (major) pelvis 

           pubic tubercle superior pelvic aperture

           pecten inferior pelvic apertures 

           iliac crest posterior superior iliac spine

           iliac fossa posterior inferior iliac spine

           anterior superior iliac spine 

           anterior inferior iliac spine

           ischial tuberosity 

           ischial spine 



See pages 330 and 331 of nedder.

2. 
Review the structure of the sacrum and the coccyx; take particular note of the posterior and the anterior (pelvic) sacral foramina and the sacral cornua, sacral hiatus and sacral canal. Be sure that you know which structures lie within or pass through these openings


See pages 142, 145.


The anterior sacral foramina are larger than the posterior sacral foramina.  The anterior sacral foramina contain the ventral and dorsal sacral nerves. The sacral cornua is the inferior articular process of the S5 vertebrae.  They project inferiorly on each side of the sacral hiatus.   The sacral hiatus is formed by the missing laminae and spinous process of S5.  It contains fatty connective tissue, the filum terminale, the S5 nerve and the coccygeal nerve.  The sacral canal is continuous with the vertebral canal.  It contains spinal nerves S1-S5, the termination of the dural sac, the filum terminale and the coccygeal nerve.  

3. 
Know the main criteria for distinguishing the bony pelvis of a male from that of a female (width and orientation of sacrum; shape of pelvic inlet and outlet, angle formed by the ischiopubic rami), and the specific adaptations of these features for providing an adequate opening for parturition in the female.


The general structure of the male pelvis is that of an inverted cone.  When compared to a female pelvis, it is heavy and thick with prominent bone markings and muscle attachments.  The female pelvis is lighter, wider and shallower with a more cylindrical shape.  The female pelvis has larger superior and inferior pelvic apertures than the male pelvis.  These limit the size of the birth canal.  The minor pelvis is narrow and deep in the male but wide and shallow in the female.  The major pelvis is deep in the male and wide and shallow in the female.  


The female sacrum is shorter, wider and has less curvature than the male sacrum.  The female pelvic inlet (from the pubic symphysis to the sacral promintory at the L5-S1 junction) is oval in shape while that of the male is heart shaped and is oriented anteroposteriorly.  The female pelvic outlet (from the pubic symphysis to the tip of the coccyx) is larger and less oval.  The angle formed by the ischiopubic rami is less in the female than in the male due to the more oval shape of the female pelvis.  In the male the ischiopubic rami are thicker and everted to give attachments to the crura of the penis.  In the female the ischiopubic rami are thinner.  The obdurator foramen are round in the male while oval in the female.  The acetabulum is larger in the male.  


The presence of certain male characteristics in a female pelvis may offer hazards to a successful vaginal delivery of a baby.  The female pelvis is more suited for parturition (delivery of baby) because of its cylindrical shape, the relative proportions of the female pelvis, the wider less curved sacrum, the wider anterolateral which places the pubic tubercles further apart, gives a greater distance between the symphysis and the anterior lip of the acetabulum resulting in a triangularly shaped obturator foramen.

4. 
Understand the structure of the inguinal ligament (aponeurosis of the external abdominal oblique and how it forms the superficial inguinal ring. Know the significance of the following in terms of attachments and relationships of the inguinal ligament and external genitalia:

           
ischiopubic ramus (for attachment of the crura and UG diaphragm) 

           
pubic tubercle (medial attachment of inguinal ligament) 

anterior superior iliac spine (lateral attachment of inguinal ligament)


The inguinal ligament is not a true ligament.  It is formed by the folded lower border of the aponeurosis of the external abdominal oblique muscle as is extends between the ASIS and the pubic tubercle.  The inguinal ligament is covered anteriorly by the fascia lata and posteriorly by the transversalis fascia.  The superficial inguinal ring is composed of two extensions of the inguinal ligament which attach to the ischiopubic ramus.  These two extensions are known as the medial and lateral crus of the superficial inguinal ring. 

5. 
Be able to recognize the parts and processes of the bony pelvis (listed above in #1) in the radiographs MRI, CT scans and VHP images on display.

6. 
Know the structures associated with the inguinal canal (inguinal ligament, superficial and deep inguinal rings, conjoined (conjoint) tendon or falx inguinalis, and transversalis fascia. Know the contents of the canal (spermatic cord composed of ductus defferens, artery of the ductus, testicular artery and vein, genital branch of the genitofemoral nerve; ilioinguinal nerve). 

The inguinal canal is an oblique passage through the anterior abdominal wall which connects the extra peritoneal space of the abdomen to either the scrotum or the labia majora. The canal begins at the deep inguinal ring and ends at the superficial inguinal ring.  It permits the passage of the spermatic cords in males, the round ligament in females and the ilioinguinal nerve in both sexes.  The spermatic cord is composed of the ductus defferens, the artery of the ductus, the testicular artery and vein and the genital branch of the genitofemoral nerve.  


The deep inguinal ring is an oval shaped defect in the transversalis fascia.  It lies in the transversalis fascia just lateral to the inferior epigastric vessels, superior to the inguinal ligament, halfway between the ASIS and the pubic symphysis.  The internal spermatic fascia arises from the margins of this ring.


The superficial inguinal ring is a triangular opening in the aponeurosis of the external oblique muscle located just lateral to the pubic tubercle.  The spermatic cord or round ligament of the uterus pass through it.  The pubic crest forms its base and the lateral and medial crus form its sides.  The lateral crus is formed by the external abdominal oblique aponeurosis which is attached to the pubic tubercle via the inguinal ligament.  The medial crus is formed by the medial portion of the EAO and the body of the pubis.  The margins of the ring give rise to the spermatic fascia.  


The falx inguinal or conjoint tendon is formed by the aponeurosis of the internal abdominal oblique and transversus abdominis muscle and is inserted into the public tubercle.  It attaches medially to the linea alba while the lateral border is free.  It inserts into the pectineal ligament along the superior ramus of the pubis.  It strengthens the posterior wall of the medial half of the inguinal canal.  

7. 
Know the boundries of the inguinal triangle (lateral border of rectus abdominis, inferior epigastric vessels and inguinal ligament), the association of this triangle with direct inguinal hernias and the layers that would be pushed through the superficial ring (gut and visceral peritoneum, parietal peritoneum, transversalis fascia).


The inguinal triangle is bounded medially by the linea semilunaris (the lateral edge of the rectus abdominis) laterally by the inferior epigastric vessels and inferiorly by the inguinal ligament.  The inguinal triangle is a weak area of the anterior abdominal wall and is a common site of a direct inguinal hernia which bulges through the inferior part of the triangle.


A direct inguinal hernia occurs through the posterior wall of the inguinal canal medial to the inferior epigastric vessels.  It protrudes forward to the superficial inguinal ring.


An indirect inguinal hernia is the most common type of hernia.  It extends through the deep and superficial inguinal ring, and descends into the scrotum or labia majora.  It lies lateral to the inferior epigastric vessels.  It can be congenital and if so is associated with persistence of the processus vaginalis.  An indirect inguinal hernia is covered by the peritoneum and the coverings of the spermatic cords.  They most commonly occur on the right side in men, but are bilateral a third of the time.  Most common in children and young adults.

8. 
Be able to trace the pathway of descent of the testis and its accompanying vessels and processus vaginalis. And explain the similarities of this pathway with that of an indirect inguinal hernias. 


The testis descend through the inginual canal.  While doing so they pick up a layer of viscera that is known as the tunica vaginalis.  This forms both a parietal layer and a visceral layer.  An indirect inguinal hernia follows the same route.

9. 
Know the origin course and distribution of the nerves associated with the inguinal canal and scrotum (ilioinguinal, which becomes anterior scrotal,) and genital branch of genitofemoral, which inervates the cremaster muscle). Know the afferent and efferent limb of the cremasteris reflex and the significance of this reflex.


The ilioinguinal nerve runs out from under the psoas major muscle and around the inside of the body wall.  It pierces the transversus abdominus muscle and enters the inguinal canal through the deep inguinal ring.  The ilioinguinal nerve then exits the inguinal canal and becomes the anterior scrotal nerve.  The genital branch of the genitofemoral nerve arises from the genitofemoral nerve on the surface of the psoas major muscle.  It then runs through the inguinal canal and innervates the cremaster muscle.  The cremasteris reflex is involved in regulating the temperature of the testis.  It is involved in regulating the distention of the testis by retracting when the temperature becomes too low and lossening when the temperature is too high.

10.
Know the basic parts of the penis; i.e. surfaces (dorsal and urethral), glans (with cornua and urethral ostium), body (corpus) with its root, bulb and crura and their associated muscles (ischiocavernosus and bulbocavernosus) and connective tissue layers (Dartos fascia, deep or Buck's fascia and tunica albuginea). Know the arterial supply (via internal pudendal) and venous drainage (via superficial external pudendal veins) and deep venous drainage (via internal pudendal veins and the deep dorsal vein which empties into the prostatic plexus. Know the association of the vasculature with the cavernous erectile tissue (corpus spongiosum and cavernosum). Understand the terms associated with erection (flaccid, erect, tumescence, detumescence, impotence) and the roles played by parasympathetic, sympathetic and sensory (GSA) and motor nerves in erection.

What is cornua? 


The urethral surface of the penis is formed by the closing of the urethra during development.  The dorsal surface is the opposite side.  The urethral ostium is the opening at the tip of the penis.  The body of the penis is made up of the root, the bulb and the crura.  The root is fixed in place and contains the three masses of erectile tissue(the bulb and the right and left curs).The bulb is located inside the pelvis between the ischiopubic rami.  It is continuous with the corpus spongiosum and the glans and is covered by the bulbospongiosus muscle.  The crura of the penis runs lateral to the bulb and is continuous with the corpora cavernosa.  It is covered by the ischiocavernosus muscle.  The tunica albuginea covers the corpus cavernosum.  The deep or Buck's fascia covers the corpus spongiosum and corpus cavernosum.  The Dartos fascia (a.k.a. superficial fascia of the penis) runs outside of the Buck's fascia.  


The pudendal artery runs along the inside of the pelvis and becomes the two dorsal and two deep arteries of the penis. The two deep arteries of the penis runs through the corpus cavernosum and the blood fills the tissue.  The superficial external pudendal veins drain from the scrotum and into the femoral vein.  The deep dorsal vein runs between the two dorsal arteries and inside Buck's fascia and empties into the prostatic pelxus.  The superficial dorsal vein runs external to the tunica albuginea.  Two lateral superficial veins run external to the tunica albuginea.  The internal pudendal veins run within the pudendal canal along with the pudendal artery.  The two deep arteries of the penis runs through the corpus cavernosum and the blood fills the tissue.  This plays a major role in the process of erection.  

The parasympathetic response (pelvic splanchnics)  is involved in erection while a sympathetic response (sacral splanchnics) is involved in ejaculation.  

11. 
Know the sensory innervation of the scrotum (via anterior scrotal branches of the ilioinguinal and posterior scrotal branches of the pudendal and posterior femoral cutaneous). Understand the fascial layers associated with the spermatic cord and testis (external spermatic fascia, middle or cremasteris layer and internal spermatic facia). Know the position and function of the Dartos tunic. 


The scrotum is innervated by the anterior scrotal branch of the ilioinguinal nerve after it runs through the inguinal canal.  It is also innervated by the posterior scrotal branch of the pudendal nerve which does not run through the inguinal canal.  The posterior cutaneous nerve of the thigh also innervates a portion of the scrotum.  It exits from under the gluteus maximus muscle and runs around the posterior side of the leg.


From the inside out we pass through the visceral and parietal layers of the tunica vaginalis.  Next is the internal spermatic fascia.  Outside of this is the cremaster fascia which contains the cremaster muscle.  The next layer is the external spermatic fascia.  Outside of this is the superficial fascia of the scrotum (dartos tunic).  The dartos tunic forms the septum of the scrotum.  

12. 
Know the structures associated with the testis (tunica vaginalis with parietal and visceral layers, tunica albuginea, mediastinum testis, rete testis, efferent ductules, head (caput) and tail (cauda) epididymis, ductus (vas) deferens. appendix testis and appendix epididymis. Know the lymphatic drainage of the testis and be able to compare it with the scrotum. 

The visceral and parietal layers of the tunica vaginalis surround the testis.  Just inside of the visceral layer is the tunica albuginea of the testis.    The testis are divided into lobules separated by septa.  Seminiferous tubules within each capsule enter into the rete testis.  The rete testis are located in the mediastinum testis.  The efferent ductules leave the testis and enter into the epididymal duct in the head of the epididymis.  The body of the epididymis runs into the tail which then turns into the ductus deferens.  The lymph vessels of the testis ascend with the testicular vessels and drain into the lumbar nodes.   The lymph vessels of the scrotum drain into the superficial inguinal nodes.


13. 
Know the parts of the external genitalia in the female (mons pubis, labia majora, labia minora, clitoris, prepuce, frenulum, vestibule of the vaginal orifice, hymen or its remnants , external urethral orifice and greater vestibular gland and its duct (Netter - 354).


The mons pubis is the area anterior to the vaginal opening.  The labia majora consists of two longitudinal folds of skin that run backward from the mons pubis.  The labia majora is joined anteriorly by the anterior labial commissure, they are covered with hair, sweat and sebaceous glands.  Homologous to the scrotum of the male.  It contains the termination of the round ligaments of the uterus.  The labia minora is a hairless area divided into two parts.  The lateral parts form the prepuce of the clitoris while the medial parts fuse to form the frenulum of the clitoris.  The vestibule of the vaginal orifice is the space between the labia minora.  It contains the openings for the urethra, the vagina and the ducts of the greater vestibular glands.  The clitoris is homologous to the penis.  It consists of erectile tissue and becomes enlarged as a result of engorgement with blood.  The clitoris is composed of two crura, two corpora cavernosa and a glans but has no corpus spongiosum.  The glans clitoris is derived from the corpora cavernosa and is covered by a sensitive epithelium.  

14.  
Understand the position, attachments and structures associated with the urogenital diaphragm in the male and female (superior and inferior fascia, muscles (superficial and deep transverse perineal and sphincter urethrae). Know the structures that penetrate the UG diaphragm in the male and female.  Understand the position of the deep and superficial perineal spaces in the male, their fascial layers, contents and continuity with other spaces.

The urogenital diaphragm is also known as the deep perineal space.  It is triangularly shaped with two of it's vertices being the ischial spines and the third being the pubic symphysis.  It includes the superior and inferior fascia and the space in between.  The inferior fascia is also known as the superficial fascia, the deep perineal fascia and the perineal membrane.  The superior fascia is also known as the deep fascia.  It includes the deep transverse perineal muscle which runs from the ischial ramus to the central perineal tendon and is innervated by the perineal branch of the pudendal nerve.  The posterior border of the UG diaphragm contain the central perineal tendon.  The sphincter urethrae muscle runs from the ischial ramus to the central perineal tendon and encompasses the urethra.  It too is innervated by the perineal branch of the pudendal nerve.  The bulbourethral gland in males is located within the UG diaphragm.  The urethra and vagina peirce the UG diaphragm but the rectum does not.  




Pelvis II

Pelvic Viscera

1.  Be able to demonstrate and describe the peritoneum and its relationships to the pelvic viscera, the peritoneal pouches and the ligaments associated with the pelvic viscera.

In the female:


In the female the peritoneum covers the superior surface of the bladder and then drapes down forming the vesicouterine pouch before covering the anterior and posterior surfaces of the uterus.  It then passes onto the anterior surface of the rectum after forming the rectouterine pouch (Pouch of Douglas).  As the peritoneum stretches over the uterosacral ligament it forms the rectouterine fold (uterosacral fold).  The broad ligament is a two layered fold of peritoneum which reaches from the lateral edges of the uterus to the lateral pelvic walls.  The two layers are continuous superiorly where they cover the fallopian (uterine) tube.  This forms a free upper edge of the broad ligament.  The round ligament of the uterus is contained within the anterior layer while the proper ligament of the ovary is contained within the posterior layer.  The mesovarium attaches the ovary to the posterior layer of the broad ligament.  The mesosalpinx is located between the uterine tube and the mesovarium.  The mesometrium is the part of the broad ligament that is located inferior to the proper ligament of the ovary.  

The cardinal ligament provides support to the uterus and the vagina.  It is formed by a thickening of the endopelvic fascia and runs to the lateral pelvic walls.  Like in the male the retropubic space is located posterior to the pubis and anterior to the bladder.  It contains fatty tissue and a venous plexus.  The median umbilical ligament is a remnant of the urachus.  It runs from the bladder to the umbilicus.  The medial umbilical ligaments contain the umbilical arteries but have now become ligaments.

In the male:


The peritoneum in the male descends from the anterior abdominal wall and sweeps onto the superior surface of the bladder.  From here it runs over the seminal vesicles and continues backward to reach the rectum.  It forms the retrovesicle pouch as it begins to adhere to the posterior surface of the bladder but then reaches back towards the rectum.  The peritoneum covers the anterior surface of the middle third and the anterior and lateral surfaces of the upper third of the rectum.  It then becomes continuous with the parietal paritoneum of the posterior abdominal wall.  The peritoneum does not cover the lateral surfaces of the bladder, but instead runs straight toward the lateral pelvic walls.  The retrovesicle fascia covers the posterior portion of the bladder below where the peritoneum covers it.  The retropubic (prevesic) space is located between the pubis and the bladder.  It is filled with fatty areolar tissue and the vesical venous plexus.  The puboprostatic ligaments run from the pubis to the prostate.  
2.  Understand the structure, position and relationships of the rectum


The rectum is the inferior distal portion of the large intestine.  It begins at the rectosigmoid junction around the level of S3 and ends at the anorectal junction just anterior to the coccyx.  The superior 2/3 of the rectum is covered anteriorly and laterally by peritoneum.  The lower 1/3 is embedded in the extraperitoneal fascia.  The tenia coli of the colon broadens to form a complete longitudinal layer of muscle.  The rectum runs a tortuous route made up of an anteroposterior sacral flexure and three lateral curves.  The upper and lower curves are to the right and the middle curve is to the left.  The rectal ampulla is located at the lower and middle curves.  It is somewhat dilated and very distensible. The anal canal bends posteriorly at the level of the puborectalis muscle.  The lumen of the rectum is smooth and has three permanent semilunar folds known as the transverse rectal folds that are caused by the lateral curvatures. 


The anal canal is the distal 3.5 cm of the rectum.  It contains anal columns and sinuses which give it a ridged appearance and anal valves which make the beginning of the anatomical anal canal.  The pectinate line is formed by the ridges of the columns and sinuses.  The internal anal sphincter is composed of smooth muscle while the external anal sphincter is made up of skeletal muscle

3.  Know the basic parts and significance of features of the urinary bladder


The bladder is shaped like a pyramid and consists of a base, an apex, and a neck.  The base of the bladder faces posteriorly and is triangular in shape. The apex of the bladder points anteriorly and lies behind the upper margin of the symphysis pubis.  The neck is located at the inferior portion of the bladder and is where the urethral orifice is located. The superolateral angles are joined by the ureters while the inferior angle is the location of the urethral orifice.  Between the orifices for the two ureters is a crest or fold known as the interureteric fold.  The vesical trigone is a raised portion of the bladder running from the interureteric fold to the neck.  The trigone stays smooth even when the bladder is empty due to its tight attachment to the muscles posterior to the bladder.  The muscular coat of the bladder is made up of smooth muscle and is known as the detrusor muscle.  


The bladder is bordered posteriorly by the obturator internus muscle and the levator ani muscle below.  The neck of the bladder is held in place by the puboprostatic ligament in the male and by the pubovesical ligament in the female.

4.  Know the structure, function and relationships of the internal genital organs in the female.


The female internal genitalia include the ovaries, the uterine tubes, the uterus and the vagina.  The ovaries are oval glands bounded anteriorly by the mediala umbilical ligament and posteriorly by the ureter and the internal iliac artery.  The superior end of the ovary is connected to the lateral wall of the pelvis by the suspensory ligament of the ovary.  The uterine or fallopian tubes extend from the ovary to the uterus.  They are made up of several sections.  The fimbria are closely applied to the ovary and catch the ovum after ovulation.  The infundibulum is the next portion and is a narrowing of the tube.  Fertilization, when it occurs, takes place in the ampulla which makes up the majority of the length of the tube.  The isthmus is the last portion of the fallopian tube located outside the uterus.  The final segment of the uterine tube is the uterine part which is located within the uterus but before the body of the uterus.  The Uterus is made up of three sections.  The fundus of the uterus is the most superior portion.  It is located superior to the openings for the uterine tubes also known as the cornua.  The body of the uterus is the canalized portion where normal fetal development occurs.  The cervix is at the distal end of the uterus and is where the uterus opens into the vagina. The vagina is the final canal to the outside world for the newborn.  It is connected to the uterus via the cervix.  The posterior and anterior fornices are spaces located in the vagina where the cervix extends into the vagina.   

5.  Know the structure, function and relationships of the internal reproductive organs in the male.


The seminal vessicles are located on the posterior side of the bladder.  They are located inferior to the ductus deferens and are long (15cm) blind ended folded tubes.  The seminal vesicles secrete a thick alkaline fluid that mixes with sperm as they pass into the urethra.  Along with the ductus deferens the seminal vessicles form the ejaculatory duct.  The prostate is a walnut sized gland that is located inferior to the bladder and surrounds the urethra.  The prostate is a glandular organ that secretes a thin milky fluid which provides about 20% of the volume of semen.  The bulbourethral glands are located within the UG diaphragm and are closely applied to the sides of the prostate.  They enter into the urethra after the urethra enters the bulb through two orifices. 

6.  Have a detailed knowledge of the structures that can be palpated in a vaginal and a rectal examination.

Male:  Anteriorly one can palpate the posterior surface of the bladder, the seminal vesicles, the vas deferens, the prostate, the rectovesicle fascia, the perineal body, the UG diaphragm and the blub of the penis.  Posteriorly one can palpate the sacrum, the coccyx and the anococcygeal body.  Laterally are the ishiorectal fossae and the ischial spines.

Female rectal:  Anteriorly the rectouterine pouch, the vagina, the cervix, the UG diaphragm, the perineal body.  Posteriorly the sacrum, coccyx and the anococcygeal body.  Laterally are the ishiorectal fossae and the ischial spines.

Female Vaginal:  Anteriorly, the bladder and urethra.  Posteriorly the loops of the lieum and the sigmoid colon, the rectal ampulla and the perineal body.  Laterally the ureters, the pelvic fascia, the UG diaphragm and the anterior fibers of the levator ani muscles

7.  Understand the orientation and course of the urethra in the male and female.  In the male know the basic subdivisions(prostatic, membraneous and penile) and the internal features of the prostatic part(urethral crest, seminal colliculus, prostatic utricle, ejaculatory ducts, prostatic sinus, colliculus and orifices of the prostatic ducts).


In the male the urethra is approximately 20 cm long and can be divided into three parts.  The prostatic urethra is the first portion.  It passes through the prostate and is the widest and most dilatable portion of the urethra.  The membranous urethra lies within the urogenital diaphragm and is surrounded by the sphincter urethrae muscle.  It is the least dilatable portion.  The penile urethra is enclosed in the bulb and the corpus spongiosum of the penis.  The part of the urethra within the glans penis is dilated to form the fossa terminalis or navicular fossa.  The external opening (external meatus) is the narrowest portion of the urethra.


The internal features of the prostatic urethra are outlined here.  The urethral crest is a continuation of the trigone of the bladder.  It is a slightly raised portion of the urethra located on the posterior portion of the vessel.  The seminal colliculus is a raised portion that contains several opening into the urethra.  The prostatic utricle is a small dilation.  There are two ejaculatory duct openings located inferior to the prostatic utricle.  The prostatic sinus are the openings for the prostate glands.  


The female urethra is much shorter than the male and can be easily dilated.  It traverses the sphincter urethrae muscle and lies immediately anterior to the vagina.  It opens into the vestibule 2 cm below the clitoris.  The walls contain elastic tissue as well as smooth muscle that is continuous with the bladder and voluntary muscle from the UG diaphragm.

8.  Know the differences in innervation, circulation and lymphatic drainage relative to the pectinate line; also know the significance of these differences.


The pectinate line is the site of junction of the superior part of the anal canal which is derived from embryonic hindgut and the inferior part which is derived from the anal pit.  This distinction explains much of the innervation, circulation and drainage.  Superior to the pectinate line the superior and middle rectal arteries supply the blood.  Innervation superior to the pectinate line is via sympathetic and parasympathetic nerves (S2-S4) via the inferior hypogastric plexus.  This part of the anal canal is sensitive only to stretching.  Lymphatic drainage is via the internal iliac and pararectal lymph nodes(common iliac(aortic lymph nodes.


Inferior to the pectinate line circulation is via the inferior rectal arteries.  The middle rectal artery provides a connection between the two blood flows.  Innervation is via the inferior rectal branches of the pudendal nerve.  This part of the canal is sensitive to pain, touch, and temperature.  Lymph drains via the inguinal lymph nodes.



Pelvis III

Pelvic vessels and nerves

1.  Know the branches of aorta (middle sacral) and common iliac arteries that are distributed to or run through the pelvis.  For each branch you should know its relationship to an associated foramina and/or its general distribution.  See the last page of this lesson for a synopsis.


The abdominal aorta bifurcates at the level of L4.  Just superior to this point it gives off the middle sacral artery which runs anteriorly to the lumbar vertebrae, the sacrum and the coccyx.  It anastomoses with the lateral sacral arteries.


After the bifurcation of the aorta each arm is called the common iliac artery.  These branch at the level of L5-S1 to give the external iliac artery and the internal iliac artery.  The ureters pass over this branch point and follow the internal iliac arteries for a while.  


The external iliac artery lies in a groove between the iliacus and the psoas muscles and gives off inferior epigastric arteries which forms a border of the inguinal triangle.  The inferior epigastric gives off the cremasteric artery in the male.  Prior to the exit from the pelvic cavity, the external iliac artery also gives off the deep circumflex iliac artery. The external iliac exits the pelvis under the ingunial ligament via the vascular lacunae.  It then gives rise to three arteries.  The Superficial circumflex iliac also gives rise to the superficial epigastric and the superficial and deep external pudendal arteries.


The internal iliac immediately branches into an anterior and a posterior division.  The posterior division gives off the iliolumbar, the lateral sacral and the superior gluteal arteries.  The anterior division gives off six branches before entering the pudendal canal.  


1.  The obturator which leaves the pelvis via the obturator foramen and supplies the muscles of the thigh.


2.  The umbilical which gives rise to the deferential (in the male), the medial umbilical ligament, and the superior vesicular artery.  It runs between the bladder and the lateral wall of the pelvis.


3.  The uterine and vaginal arteries (in the female) descend on the lateral wall of the pelvis.  The uterine enters the root of the broad ligament and passes superior to the lateral portion of the fornix of the vagina.


4.  The inferior vesicular (in the male) to the fundus of the bladder and to the seminal vesicles and prostate.


5.  The middle rectal gives off branches to the prostate and seminal vesicles in the male and to the vagina in the female.


6.  The inferior gluteal passes between the sacral nerves and leaves the pelvis through the inferior part of the greater sciatic foramen.


The internal pudendal artery runs inferolaterally, anterior to the piriformis msucle and the sacral plexus and leaves the pelvis through the greater sciatic foramen.  It enters the ischioanal fossa through the lesser sciatic foramen and passes through the pudendal canal.  It gives off six branches.


1.  inferior rectal


2.  perineal


3.  artery of the bulb


4.  urethral to the corpus spongiosum and glans penis


5.  deep artery of penis/clitoris


6.  dorsal artery of penis/clitoris

2.  Know the course and distribution of gonadal arteries and veins (testicular and ovarian) and be able to relate the venous drainage of the testis to the lymphatic drainage.


The testicular arteries branch from the aorta around the level of the SMA.  They descend along the posterior abdominal wall and cross over the external iliac vessels.  They then enter the deep inguinal rings and become incorporated into the spermatic cord.  They anastamose with the cremasteric and deferential arteries near the testis.  The testicular veins exit from the posterior side of the testis and form the pampiniform plexus.  This is made up of about 12 veins and surrounds the ductus deferens and the arteries in the spermatic cord.  It is located within the spermatic fascia and becomes a single vein as it ascends through the inguinal canal.  The right testicular vein drains into the IVC and the left drains into the left renal vein.  The lymphatic drainage is via lymphatics in the spermatic cord through the inguinal canal.  They then run superiorly along the testicular vessels to going the lumbar nodes.  This means that a carcinoma from the testis will first involve lymph nodes at the renal level rather than in the inguinal region.


The ovarian arteries branch from the aorta around L2 (inferior to renal artery and superior to IMA).  As they run inferiorly they adhere to the parietal peritoneum and run anterior to the ureter on the posterior abdominal wall.  They then enter the pelvis minor and cross over the external iliac vessels and enter the suspensory ligaments to supply the ovary and the uterine tube.  At the level of the ovary the ovarian artery sends branches through the mesovarium to the ovary and continues medially in the broad ligament to supply the uterine tube.  The ovarian veins leave the hilum of the ovary and form the pampiniform plexus in the broad ligament.  This plexus communicates with the uterine plexus but drains via the ovarian vein and leaves the pelvis with the ovarian artery.  As in the man the right ovarian artery enters the IVC directly while the left ovarian artery drains into the left renal vein.

3.  Understand the origins, course, functional components and distribution of the "peripherally directed" nerves that are associated with, or run through, the pelvis (ilioinguinal, lateral femoral cutaneous, genitofemoral, femoral, obturator, sacral plexus).


These nerves make up the lumbar plexus and are derived from the ventral rami of L1-L4.

Ilioinguinal:  The ilioinguinal nerve is derived the L1.  It enter the abdomen posterior to the medial arcuate ligament and then passes inferolaterally while running anterior to the quadratus lumborum.  It pierces the transversus abdominus near the ASIS and then the internal oblique.  It runs medially through the inguinal canal but does not pass through the deep inguinal ring.  It gives off a femoral cutaneous branch which innervates the upper and middle thigh and an anterior scrotal nerve which supplies the skin of the penis and anterior scrotum (mons pubis and labia majora).

Genitofemoral:  Derived from L1 and L2 spinal nerves.  It pierces the psoas muscle as it exits to run down the anterior surface of the psoas.  Gives off a femoral branch which supplies the skin near the femoral triangle and runs through the vascular lacunae.  Gives off a genital branch which runs through the inguinal canal with the spermatic cord.  It innervates the cremasteric muscle in the spermatic cord and the scrotum (labia majora).


Lateral Femoral Cutaneous:  Is derived from L2 and L3.  Exits the vertebral column lateral to the psoas muscle and enters the thigh posterior to the inguinal ligament.  It supplies the skin over the anterior and lateral thigh.  


Femoral:  The femoral nerve is derived from posterior division of ventral rami of  L2,3, & 4.  It pierces the psoas major and runs within it to exit between the psoas major and the iliacus muscle just superior to the inguinal ligament.  It runs through the muscular lacunae with the iliopsoas muscle and supplies 8.5 muscles in the thigh(Pain In the Ass to RSVP).  These eight are the Pectineus (half), the Iliacus, Articularis genus, Rectus femoris, Sartorius, Vastus intermedius, medialis and lateralis and Psoas.


Obturator:  Derived from anterior division of L2-L4.  It exits the vertebral column medial to the psoas and exits the pelvis through the obturator foramen.  It supplies 5.5 muscles in the thigh.  These are the Pectineus (half), Obturator externus, Adductor brevis, adductor longus and adductor magnus and the Gracilis.  (POAG)


Sacral Plexus: The sacral plexus is formed from the lumbosacral truck and the ventral rami of S1-S4.  It is closely related to the piriformis muscle.  It consists of three main nerves, the sciatic, pudendal and superior gluteal.



Sciatic:  Derived from L4-S3 it is the largest nerve in the body.  It exits the greater sciatic foramen inferior to the piriformis muscle but supplies no muscles in the gluteal region.  It consists of two nerves that are enclosed within one sheath.  They separate near the popliteal fossa and are the tibial nerve and the common peroneal nerve.  



Pudendal Nerve:  Arises from S2-S4.  Reenters the pelvis via the lesser sciatic foramen and runs in the pudendal canal.  It gives off the inferior rectal nerve and the perineal nerve and terminates as the dorsal nerve of the penis or clitoris.  



Superior Gluteal:  Arises from L4-S1.  Exits greater sciatic foramen SUPERIOR to the piriformis muscle.  It runs with the superior gluteal artery and supplies the gluteus medius and minimus and the tensor fascia lata.



Inferior Gluteal nerve: L5-S2.  Supplies the gluteus maximus muscle



Posterior Femoral Cutaneous: S1-S3.  Supplies skin of posterior thigh, inferior buttocks and knee.



Nerve to Quadratus Femoris: L4-S1.  Supplies hip joint, quadratus femoris and inferior gamellus



Nerve to Obturator Internus:  L5-S2.  Exits greater sciatic foramen where it supplies superior gamellus, reenters pelvis through lesser sciatic foramen, supplies obturator internus after reentry.

4.  Know the definitions, origins, cell body locations, synaptic relationships and functional components of the lumbar splanchnic nerves, aortic plexus, superior hypogastric plexus, inferior hypogastric (pelvic) plexus and the sacral splanchnic and pelvic splanchnic nerves.

Lumbar splanchnic nerves are the medial branches of the lumbar sympathetic chain ganglion.  They contain sympathetic preganglionic fibers and afferent fibers the cell bodies of which are located in the lateral horn around L1-L2.  The preganglionic fibers synapse in the collateral ganglia (celiac, SM, IM).  Fibers from these nerves feed into the inferior mesenteric and aortic plexi.

The Aortic plexus is a continuous network of sympathetic nerves extending on the aorta from the aortic hiatus to the bifurcation.  In the pelvis it becomes known as the superior hypogastric plexus.  It contains both efferent and afferent fibers from and to abdominal and pelvic viscera.  The aortic plexus is made up of nerves from the thoracic splanchnics and also the lumbar splanchnics whose cell bodies are located in the lateral horn.  These neurons synapse in the collateral ganglia.  The aortic plexus forms the celiac plexus, the SM and IM plexi and the superior hypogastric plexus.

Superior hypogastric plexus is the continuation of the aortic plexus below the aortic bifurcation.  It lies behind the peritoneum and descends anterior to L5.  It ends by bifurcation into the right and left hypogastric nerves in front of the sacrum.  Its nerves arise from the aortic plexus and from the lower two lumbar splanchnic nerves.  It contain pre and post-ganglionic fibers as well as visceral afferent fibers from the fundus and upper part of the uterus.  It does not contain parasympathetic fibers!

Inferior hypogastric plexus contains pelvic ganglia in which both sympathetic and parasympathetic preganglionic fibers synapse.  It contains both pre and post ganglionic fibers and GVA fibers.  It gives rise to the middle rectal, uterovaginal, vesiclular, deferential, and prostatic plexi.

Sacral splanchnic nerves are slender visceral branches of the sympathetic chain ganglia that consist of preganglionic fibers that synapse in the inferior hypogastric plexus.  The cell bodies for these fibers are located in the lateral horn and have the same function as those of the inferior hypogastric plexus.

Pelvic splanchnic nerves are parasympathetic nerves of the pelvis which carry preganglionic sacral parasympathetic outflow to the pelvic viscera.  They originate from S3-S4 ventral rami and have cell bodies located in the lateral column (GVE) and in the spinal ganglia (GVA).  They synapse either in the ganglia or in the viscera they innervate.  The function of these nerves is to control bladder function by stimulating contraction of the detrusor muscle and relaxation of the internal sphincter urethra.  They also parasympathetically innervate the distal transverse colon, the descending colon and the sigmoid colon and supply fibers to the male and female internal sex organs and to the erectile tissue of the external genitalia.  

5.  Have a detailed understanding of the significance of extension of the sympathetic chain into the pelvis and the distribution of its postganglionic fibers to the lower limb, pelvic organs and blood vessels.


The sacral portions of the sympathetic trunks are the continuation of the lumbar trunks.  The two trunks descend on the sacrum on the medial side of the sacral foramina.  They may meet at the tip of the coccyx and fuse to form the ganglion impar.  The interganglionic portions of the trunk consist of primarily descending fibers that are mostly preganglionic.  These fibers have entered the lumbar portion of the trunks through white rami communicantes.  Most synapse in the sacral sympathetic ganglia and run through grey rami communicantes to the sacral nerves.  Thus they supply sympathetic innervation to the lower limbs.  There may be transverse or oblique connections between the two sympathetic trunks across the front of the sacrum.


The ganglia also have visceral branches consisting of preganglionic fibers that join the inferior hypogastric plexus.   They may convey some GVA fibers to the trunks from the inferior hypogastric plexus.

Pelvis IV

Pelvic Musculature and lumbosacral plexus
1.  Know the name, course, position and general distribution of the lumbar and sacral (lumbosacral plexus) nerves within the pelvis.  

Lumbar Plexus Nerves


Iliohypogastric (L1)

Ilioinguinal (L1)

lateral femoral cutaneous (L2, 3)


Genitofemoral (L1,2)


Femoral (L2, 3, 4)


Obturator (L2, 3, 4)

Sacral Plexus Nerves


Pudendal (S2, 3, 4)


Sciatic (L4, 5, S1, 2, 3)


Superior gluteal (L4, L5, S1)


Inferior gluteal (L5, S1, S2)

Posterior femoral cutaneous (S1, 2, 3)

Lumbar Plexus
Iliohypogastric:  The iliohypogastric nerve is derived from L1.  It courses laterally across the quadratus lumborum muslce and pierces the transversus abdominis above the iliac crest.  There it divides into two branches.  The anterior branch supplies the skin of the hypogastric region and the lateral branch supplies the skin of the gluteal region.

Ilioinguinal:  The ilioinguinal nerve is derived the L1.  It enter the abdomen posterior to the medial arcuate ligament and then passes inferolaterally while running anterior to the quadratus lumborum.  It pierces the transversus abdominus near the ASIS and then the internal oblique.  It runs medially through the inguinal canal but does not pass through the deep inguinal ring.  It gives off a femoral cutaneous branch which innervates the upper and middle thigh and an anterior scrotal nerve which supplies the skin of the penis and anterior scrotum (mons pubis and labia majora).

Genitofemoral:  Derived from L1 and L2 spinal nerves.  It pierces the psoas muscle as it exits to run down the anterior surface of the psoas.  Gives off a femoral branch which supplies the skin near the femoral triangle and runs through the vascular lacunae.  Gives off a genital branch which runs through the inguinal canal with the spermatic cord.  It innervates the cremasteric muscle in the spermatic cord and the scrotum (labia majora).


Lateral Femoral Cutaneous:  Is derived from L2 and L3.  Exits the vertebral column lateral to the psoas muscle and enters the thigh posterior to the inguinal ligament.  It supplies the skin over the anterior and lateral thigh.  


Femoral:  The femoral nerve is derived from posterior division of ventral rami of  L2,3, & 4.  It pierces the psoas major and runs within it to exit between the psoas major and the iliacus muscle just superior to the inguinal ligament.  It runs through the muscular lacunae with the iliopsoas muscle and supplies 8.5 muscles in the thigh(Pain In the Ass to RSVP).  These eight are the Pectineus (half), the Iliacus, Articularis genus, Rectus femoris, Sartorius, Vastus intermedius, medialis and lateralis and Psoas.


Obturator:  Derived from anterior division of L2-L4.  It exits the vertebral column medial to the psoas and exits the pelvis through the obturator foramen.  It supplies 5.5 muscles in the thigh.  These are the Pectineus (half), Obturator externus, Adductor brevis, adductor longus and adductor magnus and the Gracilis.  (POAG)

Sacral Plexus: The sacral plexus is formed from the lumbosacral truck and the ventral rami of S1-S4.  It is closely related to the piriformis muscle.  It consists of three main nerves, the sciatic, pudendal and superior gluteal.



Sciatic:  Derived from L4-S3 it is the largest nerve in the body.  It exits the greater sciatic foramen inferior to the piriformis muscle but supplies no muscles in the gluteal region.  It consists of two nerves that are enclosed within one sheath.  They separate near the popliteal fossa and are the tibial nerve and the common peroneal nerve.  



Pudendal Nerve:  Arises from S2-S4.  Reenters the pelvis via the lesser sciatic foramen and runs in the pudendal canal.  It gives off the inferior rectal nerve and the perineal nerve and terminates as the dorsal nerve of the penis or clitoris.  



Superior Gluteal:  Arises from L4-S1.  Exits greater sciatic foramen SUPERIOR to the piriformis muscle.  It runs with the superior gluteal artery and supplies the gluteus medius and minimus and the tensor fascia lata.



Inferior Gluteal nerve: L5-S2.  Supplies the gluteus maximus muscle



Posterior Femoral Cutaneous: S1-S3.  Supplies skin of posterior thigh, inferior buttocks and knee.



Nerve to Quadratus Femoris: L4-S1.  Supplies hip joint, quadratus femoris and inferior gamellus



Nerve to Obturator Internus:  L5-S2.  Exits greater sciatic foramen where it supplies superior gamellus, reenters pelvis through lesser sciatic foramen, supplies obturator internus after reentry.

2.  Know the position of the openings through which the nerves of the lumbosacral plexus, and their accompanying vessels, leave or enter the pelvis.  These include the inguinal rings, the obturator canal, the muscular and vascular lacunae, and the superior and inferior sciatic foramina.

Deep Inguinal Ring


Genital branch of genitofemoral nerve


Cremasteric vessels


Testicular artery and vein


Deferential artery

Superficial Inguinal Ring


Ilioinguinal nerve


Genital branch of genitofemoral nerve


Cremasteric vessels


Testicular artery and vein


Deferential artery

Obturator Canal


Obturator nerve


Obturator vessels

Muscular Lacunae


Iliopsoas muscle


Femoral nerve


Vascular Lacunae


Femoral branch of genitofemoral nerve


Femoral artery


Femoral vein


Femoral canal (with lymph nodes)


Lacunar ligament

Greater Sciatic Foramen


Piriformis muscle


Sacral plexus



Sciatic nerve


Posterior femoral cutaneous nerve


Internal pudendal artery


Internal pudendal nerve


Superior and inferior gluteal vessels and nerves

Lesser Sciatic foramen


Tendon of obturator internus muscle


Nerve to obturator internus

Internal pudendal artery (re-entering)

Internal pudendal nerve (re-entering)

3.  Understand the position and structural organization of the pelvic diaphragm.  These parts include the puborectalis muscle, the arcuate line, the pubococcygeus, iliococcygeus and coccygeus muscles.  The concept of the levator ani complex should be understood.


The pelvic diaphragm is made up of the levator ani group and the coccygeus muscle (posteriorly).  It makes a funnel (bowl) shaped cavity which supports the pelvic viscera.  Below the pelvic diaphragm are the ischiorectal fossa, the UG diaphragm, and the external genitalia.  The pelvic diaphragm is pierced by the rectum, the urethra, and the vagina (in the female).  It can contract to increase intraabdominal pressure during birthing or defecation.  


The coccygeus muscle runs from the spine of the ischium to the lower sacrum and the coccyx.  It is innervated by S4 and S5.  The levator ani group is made up of three muscles, the puborectalis, pubococcygeus and iliococcygeus.  It takes its origin from the body of the pubis medially, and the arcus tendineus laterally.  The arcus tendineus runs from the pubis to the ischial spine.  The most medial muscle is the puborectalis which loops around the anorectal hiatus.  Lateral to that is the pubococcygeus which runs to the sacrum/coccyx via the anococcygeal ligament.  The iliococcygeus runs from the arcus tendineus to the coccyx.  These muscles are innervated by the perineal branch of the pudendal nerve.  S2, 3, 4 keep your pelvis off the floor.

4.  In CT scans and radiographs, be able to identify the pelvic openings and the muscles, nerves and ligaments associated with them.


See number 2 and previous labs.
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