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Methodical Instruction for LESSON №  31 (2 hours)
Theme: INGUINAL CANAL. TOPOGRAPHIC ANATOMY OF ANTERIOR ABDOMINAL WALL
Professional orientation for students: The abdomen muscles occupy the space between lower circumference of chest and upper pelvic brim, forming the walls of pelvic cavity. They are devoted to autochthonic ventral muscles of this region and perform various functions:

1. Provide movements in the lumbar region.

2. Participate in breath action.

3. Form the abdominal prelum, thus participating in fixing the organs of abdominal cavity, in defecation, micturition (urination) and parturition (childbirth). 

The lateral abdomen muscles end with broad aponeurosis which move to median line towards each other and form the so called white line which is poor with blood vessels. That feature is used in surgery for the broad opening of  abdominal cavity. The aponeurosis of lateral abdominal muscles form the sheath for the rectus abdominis muscle, thus strengthening the anterior abdominal wall. The lower edges of the lateral abdominal muscles and the ending of the external oblique abdominal muscle form the passage that was called the inguinal canal. Normally, it is filled with the spermatic cord which ends farther with a testicle in males and  the round ligament of the uterus in female. In pathologic cases the straight and oblique hernias exit through the deep and superficial inguinal rings.

Knowledge of this topic is useful studying the course in topographic anatomy, in surgery and therapeutic clinic for successful patients’ treatment.

Aim:  To study the abdominal muscles, their development, points of insertion, functions, anatomical peculiarities. To study the structure of the white line, the rectus abdominis muscle sheath above and below the navel. To study the inguinal canal: formation, walls, orifices and content. Pay attention to the peritoneal folds, corresponding arteries and ligaments passage in these places, and peritoneal fossa corresponding to orifices of the inguinal canal.

To teach the students to separate the abdominal muscles and the inguinal canal.

The student should know:

- Latin terminology of theme;

- abdominal muscles characteristics according to the standard scheme;

- the white line structure, the inguinal ring, the rectus abdominis muscle sheath;

- the formation, contents and structure of the inguinal canal and it’s orifices;

- folds and weak places of peritoneum on the internal surface of the anterior abdominal wall.

      - topographic anatomy of anterior abdominal wall

The student should be able to name and show:

- abdominal muscles, name their functions;

- the white line, the umbilical ring;

- the walls, orifices and contents of the inguinal canal;

- to prepare the abdominal muscles, the inguinal canal.

      - regions of adominal wall and projection of intraabdominal organs on it

Questions of initial level:

1. Classification of back muscles on location and shape.

2. Classification of back muscles on development.

3. Muscles of back, attaching to upper limb bones, their functions.

4. Muscles of back, attaching to ribs, their functions.

5. Deep muscles of back – classification, structure, function.

6. Suboccipital muscles, their function.

7. Fascias of back.

8. Muscles of thorax, attaching to upper limb bones, their functions.

9. Proper muscles of thorax, their function.

10. Fascias of thorax.

11. Anatomical parts of diaphragm.

12. Weak places of diaphragm, their significance.

Equipment: skeleton, demonstration cadaver, diaphragm, plaster casts, tables.

Content of topic : The Abdominal Inguinal Ring (annulus inguinalis abdominis; internal or deep abdominal ring).—The abdominal inguinal ring is situated in the transversalis fascia, midway between the anterior superior iliac spine and the symphysis pubis, and about 1.25 cm. above the inguinal ligament. It is of an oval form, the long axis of the oval being vertical; it varies in size in different subjects, and is much larger in the male than in the female. It is bounded, above and laterally, by the arched lower margin of the Transversus; below and medially, by the inferior epigastric vessels. It transmits the spermatic cord in the male and the round ligament of the uterus in the female. From its circumference a thin funnel-shaped membrane, the infundibuliform fascia, is continued around the cord and testis, enclosing them in a distinct covering .
The Inguinal Canal (canalis inguinalis; spermatic canal).—The inguinal canal contains the spermatic cord and the ilioinguinal nerve in the male, and the round ligament of the uterus and the ilioinguinal nerve in the female. It is an oblique canal about 4 cm. long, slanting downward and medialward, and placed parallel with and a little above the inguinal ligament; it extends from the abdominal inguinal ring to the subcutaneous inguinal ring. It is bounded, in front, by the integument and superficial fascia, by the aponeurosis of the Obliquus externus throughout its whole length, and by the Obliquus internus in its lateral third; behind, by the reflected inguinal ligament, the inguinal aponeurotic falx, the transversalis fascia, the extraperitoneal connective tissue and the peritoneum; above, by the arched fibers of Obliquus internus and Transversus abdominis; below, by the union of the transversalis fascia with the inguinal ligament, and at its medial end by the lacunar ligament .

Extraperitoneal Connective Tissue.—Between the inner surface of the general layer of the fascia which lines the interior of the abdominal and pelvic cavities, and the peritoneum, there is a considerable amount of connective tissue, termed the extraperitoneal or subperitoneal connective tissue .The parietal portion lines the cavity in varying quantities in different situations .

It is especially abundant on the posterior wall of the abdomen, and particularly around the kidneys, where it contains much fat. On the anterior wall of the abdomen, except in the public region, and on the lateral wall above the iliac crest, it is scanty, and here the transversalis fascia is more closely connected with the peritoneum .

There is a considerable amount of extraperitoneal connective tissue in the pelvis .

The visceral portion follows the course of the branches of the abdominal aorta between the layers of the mesenterics and other folds of peritoneum which connect the various viscera to the abdominal wall. The two portions are directly continuous with each other .

The Deep Crural Arch.—Curving over the external iliac vessels, at the spot where they become femoral, on the abdominal side of the inguinal ligaments and loosely connected with it, is a thickened band of fibers called the deep crural arch. It is apparently a thickening of the transversalis fascia joined laterally to the center of the lower margin of the inguinal ligament, and arching across the front of the femoral sheath to be inserted by a broad attachment into the pubic tubercle and pectineal line, behind the inguinal aponeurotic falx. In some subjects this structure is not very prominently marked, and not infrequently it is altogether wanting .

The Superficial Fascia.—The superficial fascia of the abdomen consists, over the greater part of the abdominal wall, of a single layer containing a variable amount of fat; but near the groin it is easily divisible into two layers, between which are found the superficial vessels and nerves and the superficial inguinal lymph glands .

The superficial layer (fascia of Camper) is thick, areolar in texture, and contains in its meshes a varying quantity of adipose tissue. Below, it passes over the inguinal ligament, and is continuous with the superficial fascia of the thigh. In the male, Camper’s fascia is continued over the penis and outer surface of the spermatic cord to the scrotum, where it helps to form the dartos. As it passes to the scrotum it changes its characteristics, becoming thin, destitute of adipose tissue, and of a pale reddish color, and in the scrotum it acquires some involuntary muscular fibers. From the scrotum it may be traced backward into continuity with the superficial fascia of the perineum. In the female, Camper’s fascia is continued from the abdomen into the labia majora .

The deep layer (fascia of Scarpa) is thinner and more membranous in character than the superficial, and contains a considerable quantity of yellow elastic fibers. It is loosely connected by areolar tissue to the aponeurosis of the Obliquus externus abdominis, but in the middle line it is more intimately adherent to the linea alba and to the symphysis pubis, and is prolonged on to the dorsum of the penis, forming the fundiform ligament; above, it is continuous with the superficial fascia over the rest of the trunk; below and laterally, it blends with the fascia lata of the thigh a little below the inguinal ligament; medially and below, it is continued over the penis and spermatic cord to the scrotum, where it helps to form the dartos. From the scrotum it may be traced backward into continuity with the deep layer of the superficial fascia of the perineum (fascia of Colles). In the female, it is continued into the labia majora and thence to the fascia of Colles . That portion of the aponeurosis which extends between the anterior superior iliac spine and the pubic tubercle is a thick band, folded inward, and continuous below with the fascia lata; it is called the inguinal ligament. The portion which is reflected from the inguinal ligament at the pubic tubercle is attached to the pectineal line and is called the lacunar ligament. From the point of attachment of the latter to the pectineal line, a few fibers pass upward and medialward, behind the medial crus of the subcutaneous inguinal ring, to the linea alba; they diverge as they ascend, and form a thin triangular fibrous band which is called the reflected inguinal ligament .

In the aponeurosis of the Obliquus externus, immediately above the crest of the pubis, is a triangular opening, the subcutaneous inguinal ring, formed by a separation of the fibers of the aponeurosis in this situation .

The Subcutaneous Inguinal Ring (annulus inguinalis subcutaneus; external abdominal ring) is an interval in the aponeurosis of the Obliquus externus, just above and lateral to the crest of the pubis. The aperture is oblique in direction, somewhat triangular in form, and corresponds with the course of the fibers of the aponeurosis. It usually measures from base to apex about 2.5 cm., and transversely about 1.25 cm. It is bounded below by the crest of the pubis; on either side by the margins of the opening in the aponeurosis, which are called the crura of the ring; and above, by a series of curved intercrural fibers. The inferior crus (external pillar) is the stronger and is formed by that portion of the inguinal ligament which is inserted into the pubic tubercle; it is curved so as to form a kind of groove, upon which, in the male, the spermatic cord rests. The superior crus (internal pillar) is a broad, thin, flat band, attached to the front of the symphysis pubis and interlacing with its fellow of the opposite side .

The subcutaneous inguinal ring gives passage to the spermatic cord and ilioinguinal nerve in the male, and to the round ligament of the uterus and the ilioinguinal nerve in the female; it is much larger in men than in women, on account of the large size of the spermatic cord .

The Intercrural Fibers (fibræ intercrurales; intercolumnar fibers).—The intercrural fibers are a series of curved tendinous fibers, which arch across the lower part of the aponeurosis of the Obliquus externus, describing curves with the convexities downward. They have received their name from stretching across between the two crura of the subcutaneous inguinal ring, and they are much thicker and stronger at the inferior crus, where they are connected to the inguinal ligament, than superiorly, where they are inserted into the linea alba. The intercrural fibers increase the strength of the lower part of the aponeurosis, and prevent the divergence of the crura from one another; they are more strongly developed in the male than in the female .

As they pass across the subcutaneous inguinal ring, they are connected together by delicate fibrous tissue, forming a fascia, called the intercrural fascia .

This intercrural fascia is continued down as a tubular prolongation around the spermatic cord and testis, and encloses them in a sheath; hence it is also called the external spermatic fascia. The subcutaneous inguinal ring is seen as a distinct aperture only after the intercrural fascia has been removed .

The Inguinal Ligament (ligamentum inguinale [Pouparti]; Poupart’s ligament) is the lower border of the aponeurosis of the Obliquus externus, and extends from the anterior superior iliac spine to the pubic tubercle. From this latter point it is reflected backward and lateralward to be attached to the pectineal line for about 1.25 cm., forming the lacunar ligament. Its general direction is convex downward toward the thigh, where it is continuous with the fascia lata. Its lateral half is rounded, and oblique in direction; its medial half gradually widens at its attachment to the pubis, is more horizontal in direction, and lies beneath the spermatic cord .

The Lacunar Ligament (ligamentum lacunare [Gimbernati]; Gimbernat’s ligament) is that part of the aponeurosis of the Obliquus externus which is reflected backward and lateralward, and is attached to the pectineal line. It is about 1.25 cm . long, larger in the male than in the female, almost horizontal in direction in the erect posture, and of a triangular form with the base directed lateralward. Its base is concave, thin, and sharp, and forms the medial boundary of the femoral ring. Its apex corresponds to the pubic tubercle. Its posterior margin is attached to the pectineal line, and is continuous with the pectineal fascia. Its anterior margin is attached to the inguinal ligament. Its surfaces are directed upward and downward .

The Reflected Inguinal Ligament (ligamentum inguinale reflexum [Collesi]; triangular fascia).—The reflected inguinal ligament is a layer of tendinous fibers of a triangular shape, formed by an expansion from the lacunar ligament and the inferior crus of the subcutaneous inguinal ring. It passes medialward behind the spermatic cord, and expands into a somewhat fan-shaped band, lying behind the superior crus of the subcutaneous inguinal ring, and in front of the inguinal aponeurotic falx, and interlaces with the ligament of the other side of the linea alba .

Ligament of Cooper.—This is a strong fibrous band, which was first described by Sir Astley Cooper. It extends lateralward from the base of the lacunar ligament along the pectineal line, to which it is attached. It is strengthened by the pectineal fascia, and by a lateral expansion from the lower attachment of the linea alba (adminiculum lineæ albæ) .

The Rectus is enclosed in a sheath formed by the aponeuroses of the Obliqui and Transversus, which are arranged in the following manner. At the lateral margin of the Rectus, the aponeurosis of the Obliquus internus divides into two lamellæ, one of which passes in front of the Rectus, blending with the aponeurosis of the Obliquus externus, the other, behind it, blending with the aponeurosis of the Transversus, and these, joining again at the medial border of the Rectus, are inserted into the linea alba. This arrangement of the aponeurosis exists from the costal margin to midway between the umbilicus and symphysis pubis, where the posterior wall of the sheath ends in a thin curved margin, the linea semicircularis, the concavity of which is directed downward: below this level the aponeuroses of all three muscles pass in front of the Rectus. The Rectus, in the situation where its sheath is deficient below, is separated from the peritoneum by the transversalis fascia. Since the tendons of the Obliquus internus and Transversus only reach as high as the costal margin, it follows that above this level the sheath of the Rectus is deficient behind, the muscle resting directly on the cartilages of the ribs, and being covered merely by the tendon of the Obliquus externus .

The Abdominal Inguinal Ring (annulus inguinalis abdominis; internal or deep abdominal ring).—The abdominal inguinal ring is situated in the transversalis fascia, midway between the anterior superior iliac spine and the symphysis pubis, and about 1.25 cm. above the inguinal ligament. It is of an oval form, the long axis of the oval being vertical; it varies in size in different subjects, and is much larger in the male than in the female. It is bounded, above and laterally, by the arched lower margin of the Transversus; below and medially, by the inferior epigastric vessels. It transmits the spermatic cord in the male and the round ligament of the uterus in the female. From its circumference a thin funnel-shaped membrane, the infundibuliform fascia, is continued around the cord and testis, enclosing them in a distinct covering .

The Inguinal Canal (canalis inguinalis; spermatic canal).—The inguinal canal contains the spermatic cord and the ilioinguinal nerve in the male, and the round ligament of the uterus and the ilioinguinal nerve in the female. It is an oblique canal about 4 cm. long, slanting downward and medialward, and placed parallel with and a little above the inguinal ligament; it extends from the abdominal inguinal ring to the subcutaneous inguinal ring. It is bounded, in front, by the integument and superficial fascia, by the aponeurosis of the Obliquus externus throughout its whole length, and by the Obliquus internus in its lateral third; behind, by the reflected inguinal ligament, the inguinal aponeurotic falx, the transversalis fascia, the extraperitoneal connective tissue and the peritoneum; above, by the arched fibers of Obliquus internus and Transversus abdominis; below, by the union of the transversalis fascia with the inguinal ligament, and at its medial end by the lacunar ligament .

Extraperitoneal Connective Tissue.—Between the inner surface of the general layer of the fascia which lines the interior of the abdominal and pelvic cavities, and the peritoneum, there is a considerable amount of connective tissue, termed the extraperitoneal or subperitoneal connective tissue .

The parietal portion lines the cavity in varying quantities in different situations. It is especially abundant on the posterior wall of the abdomen, and particularly around the kidneys, where it contains much fat. On the anterior wall of the abdomen, except in the public region, and on the lateral wall above the iliac crest, it is scanty, and here the transversalis fascia is more closely connected with the peritoneum. There is a considerable amount of extraperitoneal connective tissue in the pelvis .

The visceral portion follows the course of the branches of the abdominal aorta between the layers of the mesenterics and other folds of peritoneum which connect the various viscera to the abdominal wall. The two portions are directly continuous with each other .

The Deep Crural Arch.—Curving over the external iliac vessels, at the spot where they become femoral, on the abdominal side of the inguinal ligaments and loosely connected with it, is a thickened band of fibers called the deep crural arch .

It is apparently a thickening of the transversalis fascia joined laterally to the center of the lower margin of the inguinal ligament, and arching across the front of the femoral sheath to be inserted by a broad attachment into the pubic tubercle and pectineal line, behind the inguinal aponeurotic falx. In some subjects this structure is not very prominently marked, and not infrequently it is altogether wanting .

Methodology of Practical Classs Work 

1. Groups of abdominal muscles .

2. Topography of curved and venous line .

3. Weaknesses of anterior abdominal wall .

4. The deep and superficial inguinal ring .

5. The walls of the inguinal canal .

The program of independent work.

	Training tasks
	Concrete definition of tasks

	1. To study topography of anterior abdominal wall 
	1. To find and show lines and regions of abdominal wall

	2. To study the inguinal canal.                                                                                               
	1. To find and show the superficial and deep inguinal rings, walls, and how are they formed

	3. To study the white line of the abdomen and the structure of the rectus abdominis muscle sheath.
	1. To study the structure and formation of the white line of the abdomen. To study the structure of the rectus abdominis muscle sheath above and below the navel. 

	4. Dissection of the inguinal canal.
	1. To dissect layer by layer all muscles, to separate the superficial inguinal ring.



The student has to do the notes according to all items of independent work (to write the dictionary of anatomical terms; to describe studied muscles according plan of description; to draw scheme of inguinal canal and structure of rectus abdominis muscle sheath above and below the navel).

Tests and situational tasks:


1.  what abdominal muscles got tendinous intersection?

A. External oblique muscle

B. Rectus abdominal muscle

C. Transverse abdominal muscle

D. Pyramidal muscle


2.  Place of origination of the external oblique muscle:

A. Thoraco-lumbar fascia

B. Pubic bone

C. Lower 6 ribs

D. Lower 8 ribs


3.  What is inguinal ligament?

A. Aponeurosis of the external oblique muscle

B. Aponeurosis of the internal oblique muscle

C. Transverse fascia

D. Aponeurosis of the transverse muscle


4.  What structure forms the posterior wall of the rectus abdominis muscle sheath superiorly to the navel?

A. Aponeurosis of transverse abdominal muscle, internal layer of aponeurosis of internal oblique muscle

B. Aponeurosis of internal oblique muscle, transverse fascia

C.  Aponeurosis of external oblique abdominis muscle

D. Internal layer of internal oblique muscle


5.  What structure forms the posterior wall of rectus abdominis muscle sheath inferiorly to the navel?

A. Aponeurosis of transverse muscle, aponeurosis of internal oblique muscle

B. Aponeurosis of internal oblique muscle

C. Transverse fascia

D. Internal layer of internal oblique muscle

References:

 а) basic 

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p .

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013 .

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc .

4. Materials preparation for lectures 6. Materials preparation for practical classes 

b) additional

1. Lecture .

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition .
3.   "Human Anatomy", V.G.Koveshnikov, 2011
4  "Atlas of Human Anatomy", Sobotta, 2010
5  "A Color Atlas of Human Anatomy", R.M.H.McMinn, R.T.Hutchings, J.Pegington, 2006
6  "Gray's Anatomy", Henry Gray F.R.S., 2001

Questions for final control:

1. Lateral, anterior abdominal muscles.

2. Walls of inguinal canal, its rings, contents.

3. Topographical regions of abdomen.

4. Fossas and folds of anterior abdominal wall.

5. Classification of umbilical hernia.

6. Tests and clinical tasks on theme.
Tests and situational tasks:
1.The patient has pain along a course of one of muscles of a trunk at the same side during the rotating movements in a vertebral column. What muscles inflammation (myositis) is observed?

A. internal oblique abdominal muscle

B. external oblique abdominal muscle

C. rectus abdominis muscle

D. quadratus lumborum muscle

E. transverse muscle of abdomen

2.What is the sequence of anterior abdominal wall muscles layers opened during the approach for appendectomy?

A. external oblique abdominal muscle, internal oblique abdominal muscle, transverse muscle of abdomen

B. transverse muscle of abdomen, external oblique abdominal muscle, internal oblique abdominal muscle

C. internal oblique abdominal muscle, transverse muscle of abdomen, external oblique abdominal muscle

D. rectus abdominis muscle, external oblique abdominal muscle, internal oblique abdominal muscle

E. external oblique abdominal muscle, internal oblique abdominal muscle, rectus abdominis muscle

3.The revision of an abdominal cavity is necessary. The surgeon will perform the operative approach trough the anterior abdominal wall. In what part of an abdominal wall the most bloodless approach is possible to perform?

A. epigastric region 
B. inguinal region

C. Lateral abdominal region

D. Linea alba

E. pubic region

4.The hernial protrusion is detected in the right suprapubic region in the 52 years old male patient after the excessive weight-lifting. What of the anatomic formations have the hernial protrusion most probably?

A. Anulus umbilicalis

B. Anulus femoralis

C. Canalis inguinalis

D. Linea alba

E. Lig. inguinalis

5.The inguinal hernia is found out in the patient. The duplication of anterior wall of the inguinal canal is performed during the herniotomy operation. What are the anatomic structures of anterior abdominal wall using for creation of the duplication?

A. fascia transversalis

B. aponeurosis external oblique abdominal muscle

C. peritoneum

D. superficial fascia

E. transversus abdominis muscle

NEXT TOPIC: MUSCLES, FASCIAE AND TOPOGRAPHY OF SHOULDER GIRDL AND UPPER ARM
