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Muscles of the Pelvic Wall (Netter 343, 347, 344, 373, 346, 361)—

Piriformis muscle—This muscle covers and pads the posterior pelvic wall (formed by the sacrum, coccyx, adjacent parts of the ilia, and sacroiliac joints).  It originates on the anterior surface of the sacrum and leaves the pelvis through the greater sciatic foramen to insert on the upper border of the greater trochanter of the femur.  The muscle acts to laterally rotate and abduct the thigh and is innervated by the ventral primary rami of S1, S2.  Sitting on top of the piriformis muscle is the sacral plexus.  Superior to the piriformis muscle, the superior gluteal artery and nerve pass and inferior to the piriformis muscle, the inferior gluteal artery and nerve pass.

Obturator internus muscle—The lateral pelvic wall is formed by the hip bones and the obturator foramen (covered by the obturator membrane).  These bones of the lateral wall are covered by the obturator internus muscles.  These muscles originate on the internal surface of the obturator membrane and the margin of the obturator foramen.  They leave the pelvis through the lesser sciatic foramen and insert on the medial surface of the greater trochanter.  They act to laterally rotate and abduct the thigh.  The muscle is innervated by the obturator nerve and is supplied by the obturator artery, both of which pass through the obturator foramen.  Stretching across the top of the obturator internus muscle is obturator internus fascia which contains the tendinous arch of the levator ani muscle.  This arch serves as an attachment point for the levator ani muscles.
Pelvic Diapraghm Muscles—The pelvic floor is formed from the muscles of the funnel-shaped pelvic diaphragm.  These muscles are attached to the ischial spine, sacrum, pubis, and the tendinous arc. These muscles include the levator ani and coccygeus muscles.  The levator ani muscle is composed of three paired muscles:

Puborectalis muscle—This muscle is fused with the pubococcygeus muscle.  It originates on the posterior aspect of the body of the pubis and wraps around the rectum to unite with the puborectalis muscle on the other side.  The puborectalis muscle draws the distal rectum forward and superiorly.  It is responsible for the angle formed in the recto-anal junction, so it is used in the retention of fecal material.  It is innervated by ventral primary rami branches of S3 and S4 and is supplied by the inferior gluteal artery.
Pubococcygeus muscle—This is more a more lateral muscle.  It originates on the posterior aspect of the superior pubic ramus and inserts on the coccyx.  Its action is to elevate the pelvic floor.  It is innervated by branches of the ventral primary rami of spinal nerves S3-S4 and is supplied by the inferior gluteal artery.  
Iliococcygeus muscle—This muscle forms the posterior part of the levator ani muscles.  It originates on the tendinous arc and the ischial spine and inserts on the coccyx.  Its action is to elevate the pelvic floor.  It is innervated by branches of the ventral primary rami of spinal nerves S3-S4 and is supplied by the inferior gluteal artery.

The coccygeus muscle is the other contributor to the pelvic diaphragm.  It is a thin paired muscle that sits on top of the sacrospinous and sacrotuberous ligaments, which aids it in its strength to elevate the pelvic floor.  Its origin is the ischial spine and it inserts on the side of the coccyx and lower sacrum. Like the other muscles of the pelvic diaphragm, the coccygeus muscle is innervated by ventral primary rami of S3-S4 and is supplied by the inferior gluteal artery. 

Somatic Nerves of the Pelvis—The somatic nerves that provide innervation to the pelvis all arise from the lumbar and sacral plexuses (Netter 481). 
Lumbar plexus:  The lumbar plexus arises from the ventral primary rami of spinal nerves L1-L4.  In the pelvis, its branches include the obturator nerve and the lumbosacral trunk.  The obturator nerve coves from the lumbar plexus from L2-L4.  It exits the pelvic cavity through the obturator foramen and supplies the muscles of the medial thigh and the skin of the lower medial thigh.  
The lumbosacral trunk is formed from the lumbar plexus from L4-L5 ventral primary rami.  The lumbosacral trunk innervates the posterior thigh.  Between the lumbosacral trunk and the S1 ventral primary rami, the superior gluteal artery runs.
Sacral plexus:  The sacral plexus is closely related to the piriformis muscle.   It arises from the lumbosacral trunk and from the ventral primary rami of spinal nerves S1-S4.  It is often lumped with the lumbar plexus and discussed as the lumbosacral plexus.  The largest nerve of the sacral plexus is the sciatic nerve.  It is formed form contributions of L4-L5 and S1-S3.  It runs down the leg and supplies muscles and skin of the leg and foot.
The pudendal nerve is formed from the sacral plexus from segments S2-S4.  It runs alongside the internal pudendal artery and leaves the pelvis through the greater sciatic foramen.  It is the main nerve supplying the perineum and is the main sensory nerve of the external genitalia.  Once through the greater sciatic foramen, the pudendal nerve hooks around the ischial spine and sacrospinous ligament and enters the perineum through the lesser sciatic foramen.  Note that the pudendal nerve does not innervate the pelvic diaphragm.
The nerve to the obturator internus arises from ventral primary rami of L5-S2 of the sacral plexus.  It innervates the obturator internus muscle.
The superior gluteal nerve arises from the ventral primary rami of L4, L5, and S1 of the sacal plexus.  It passes through the greater sciatic foramen superior to the piriformis muscle to supply the gluteus minimus and medius muscles.

The inferior gluteal nerve arises from the sacral plexus from ventral primary rami of spinal nerves L5, S1, and S2.  It passes through the greater sciatic foramen inferior to the piriformis muscle to supply the gluteus maximus.

The posterior femoral cutaneous nerve arises from the ventral primary rami of spinal nerves S1-S3 of the sacral plexus.  It supplies sympathetic motor innervation to the skin and sensory innervation to the lower buttock and posterior thigh.

Dermatomes—Netter 157 shows the different dermatomes supplied by the spinal nerves of the pelvis.  Note that the external genitalia components are supplied by S2 and S3.  The anterior scrotum, pubis, and labia majora are supplied by L1.

Autonomic Nerves of the Pelvis—The pelvis has both sympathetic and parasympathetic innervation components.  It also contains nerve plexuses which contain both sympathetic and parasympathetic axons (Netter 390, 391, 392).

Sympathetic Innervation:  The sympathetic trunks of the pelvic region are found on the anterior surface of the sacrum.  The two sympathetic trunks come together on the anterior surface at the ganglion impar.  The preganglionic sympathetic fibers of spinal nerves T1-L2 travel down the sympathetic chain to the pelvic region.  Here, a synapse occurs and the postganglionic sympathetic fibers leave via the gray rami communicans to the spinal nerves.  This region also contains nerves coming off of the sympathetic trunk called sacral splanchnic nerves.  They run from T11 through L2 in a medial direction.  They contain preganglionic axons and synapse with postganglionic axons in the inferior hypogastric plexus.  The sacral splanchnic nerves innervate the smooth muscle of the pelvic viscera and convey pain from the pelvic viscera.
Parasympathetic Innervation:  The pelvic splanchinc nerves carry parasympathetic fibers.  They arise from the sacral segments of the spinal cord levels S2-S4 and travel out as preganglionic parasympathetic nerve fibers with the ventral rootlets (come off with S2-S4 ventral primary rami) and travel to the inferior hypogastric plexus.   The parasympathetic postganglionic cell bodies sit in the plexus or in the target structures. The postganglionic parasympathetic nerve fibers are very short.  These nerves innervate the smooth muscle and glands of the gut and the smooth muscle and glands of the pelvic viscera.  

Both Sympathetic and Parasympathetic:  The inferior hypogastric plexus, which is found between the pelvic viscera and the pelvic wall (on either side of the rectum), contains both sympathetic and parasympathetic axons.  The plexus spreads out into the pelvis and has contributes branches to different areas.  These plexuses are named according to the region they are located in.  The plexus near the bladder is the vesical plexus.  At the prostate in males, the plexus is called the prostatic plexus.  In the female, the plexus at the uterus and vagina is called the uterovaginal plexus.  
Noted Exceptions for Innervation:  The ovary and the testis are abdominal contents.  Their parasympathetic innervation comes from the vagus nerve.  As they migrate into the pelvis, they bring their vagal fibers with them.  

During development, the vagina comes from two sources and has two different sources of innervation, both visceral and somatic.  The superior portion (about ½) of the vagina has visceral innervation while the inferior portion (about ½) has somatic innervation.

The erectile tissue is supplied by small nerves off of the inferior hypogastric plexus called cavernous nerves.  These nerves arrive in this area from just below the pubic symphysis and just above the urogenital diaphragm.

Autonomic Innervation of the Sigmoid and Descending Colon—In order to innervate the sigmoid or descending colon, the postganglionic sympathetic nerve fibers travel back up from the inferior hypogastric plexus to the inferior mesenteric artery and distribute with it. The preganglionic parasympathetic axons to the sigmoid and descending colon run upstream and travel through the sigmoid mesocolon to meet the postganglionic parasympathetic cell bodies within the sigmoid or descending colon (Dr. Newton gave us a handout to explain this).

Lymphatics of the Pelvis—In general, the lymphatics of the pelvis follow the drainage pattern of the pelvic veins.  The lymph nodes in this area are named according to the vessels they are sitting next to (external iliac, internal iliac, inferior mesenteric, lumbar or lateral aortic).  There are a few node types that are found against the anterior wall of the sacrum and are named according to the region they are in (the sacral nodes, and pararectal nodes).  (Netter 386 or handout from Dr. Newton).
Drainage of the rectum:  The superior ½ of the rectum drains to the pararectal nodes and then to the lumbar nodes.  The inferior ½ drains to the internal iliac nodes.  The anal canal (starting at the pectinate line and inferior to that) drain to the superficial inguinal nodes.  

Drainage of the uterus:  The fundus of the uterus drains to the lumbar nodes and the superficial inguinal nodes (this is b/c the round ligament of the uterus runs through the inguinal canal).  The body of the uterus drains to the external iliac nodes.  The cervix drains to the internal iliac and sacral lymph nodes.  The uterine tubes and ovaries drain to the lumbar lymph nodes.  The testis in the male would drain to the lumbar nodes.

Drainage of the vagina:  The superior portion of the vagina drains to the internal and external iliac nodes.  The middle portion drains to the internal iliac nodes.  The inferior most portion drains to the sacral, common iliac and superficial inguinal nodes.  The inferior portion drains into the superficial inguinal nerves b/c the vagina is in the superficial perineal space here.

Drainage of the Prostate:  The prostate drains lymph into the internal iliac and sacral lymph nodes.

Drainage of the Bladder:  The superior portion of the bladder drains to the external iliac nodes.  The fundus drains to the internal iliac lymph nodes.  The neck drains to the common iliac nodes.

Anesthesia and Childbirth—This is from Monday’s lecture, but fit better with the nerve stuff (actually, I just forgot to put it in yesterday’s notes ().  There are several routes of anesthesia that can be given to lessen the pain of childbirth.  A pudendal nerve block involves injecting anesthetic toward the ischial spine in order to deaden the pudendal nerve.  This knocks out the somatic sensation over most of the urogenital diaphragm.  Uterine contractions are still felt and there is still some pain over the labia majora b/c the anterior branch of the posterior cutaneous nerve of the thigh supplies in this area.
In an epidural nerve block, anesthesia is injected into the epidural space between L3 and L4.  This is where the dorsal rootlets run, as the cauda equine, carrying afferent sensation.  This anesthetizes an area from the umbilicus down to the legs as well as the visceral afferents from the uterus and the vagina.   Epidural blocks can be performed in the lower sacrum as well.  This anesthetizes a smaller area.

Sexual Response and Innervation—In both males and females, a sexual response is produced by somatic, sympathetic, and parasympathetic innervation.  
In the male, erection is primarily a parasympathetic event.  The smooth muscle and vasculature is innervated and a parasympathetic stimulation causes the arteries to dilate and the veins to constrict.  Emission is mediated by the sympathetic nervous system.  It causes innervation of the smooth muscle and contraction in the pelvic area.  Just prior to emission, all of the fluid needs to go down into the bulb of the penis instead of up into the bladder, so the sympathetic innervation causes the detrustor muscle to relax and closes off the urethral sphincter.  Ejaculation is mediated by the pudendal nerve.  The bulbospongiosus muscle contracts, casuing the ejaculate to exit the penile urethra.
In the female, the events are similar.  Erection is parasympathetic mediated and results in erection and vaginal lubrication.  Sympathetic innervation is responsible for contraction of the uterus and vagina, constriction of the urethra, and relaxation of the bladder.  Somatic innervation is responsible for contraction of the pelvic diaphragm and perineal muscles.

If an injury occurs, causing the spinal cord to be transected, the sexual response is usually not affected.  However, because of the spinal cord injury, there is no coordinating control from the brain.  This leads to retrograde ejaculation because the urethral sphincter doesn’t constrict.
Clinical Correlates—

Injury to the Pelvic Floor—The pelvic floor supports the head of the fetus during childbirth while the cervix of the uterus is dilating to permit delivery.  The perineum, levator ani, and pelvic fascia can be injured during childbirth, with the pubococcygeus being torn most often.  This muscle encircles and supports the urethra, vagina, and anal canal.  Weakness of these muscles and fascia from stretching or tearing during childbirth may alter the position of the neck of the bladder and the urethra resulting in stress urinary incontinence.

Injury to the Pelvic Nerves—During childbirth, the head of the fetus may compress the mother’s sacral plexus nerves, causing pain in the lower limbs.  The obturator nerve is vulnerable to injury, which may cause painful spasms of the adductor muscles of the thigh and sensory deficits in the medial thigh.

