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Methodical Instruction for LESSON №  30 (2 hours)

Theme: MUSCLES AND FASCIAE OF ABDOMEN. ABDOMINAL PRESS. STRUCTURE OF THE SHEATH OF RECTUS ABDOMINIS MUSCLE. LINEA ALBA

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.

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.

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
1. the Antero-lateral Muscles of the Abdomen—The muscles of this group are: Obliquus externus .

Transversus .

Obliquus internus .

Rectus .

Pyramidalis .

The Obliquus externus abdominis (External or descending oblique muscle) situated on the lateral and anterior parts of the abdomen, is the largest and the most superficial of the three flat muscles in this region. It is broad, thin, and irregularly quadrilateral, its muscular portion occupying the side, its aponeurosis the anterior wall of the abdomen. It arises, by eight fleshy digitations, from the external surfaces and inferior borders of the lower eight ribs; these digitations are arranged in an oblique line which runs downward and backward, the upper ones being attached close to the cartilages of the corresponding ribs, the lowest to the apex of the cartilage of the last rib, the intermediate ones to the ribs at some distance from their cartilages. The five superior serrations increase in size from above downward, and are received between corresponding processes of the Serratus anterior; the three lower ones diminish in size from above downward and receive between them corresponding processes from the Latissimus dorsi. From these attachments the fleshy fibers proceed in various directions. Those from the lowest ribs pass nearly vertically downward, and are inserted into the anterior half of the outer lip of the iliac crest; the middle and upper fibers, directed downward and forward, end in an aponeurosis, opposite a line drawn from the prominence of the ninth costal cartilage to the anterior superior iliac spine .

The aponeurosis of the Obliquus externus abdominis is a thin but strong membranous structure, the fibers of which are directed downward and medialward .

It is joined with that of the opposite muscle along the middle line, and covers the whole of the front of the abdomen; above, it is covered by and gives origin to the lower fibers of the Pectoralis major; below, its fibers are closely aggregated together, and extend obliquely across from the anterior superior iliac spine to the public tubercle and the pectineal line. In the middle line, it interlaces with the aponeurosis of the opposite muscle, forming the linea alba, which extends from the xiphoid process to the symphysis pubis .

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 following structures require further description, viz., the subcutaneous inguinal ring, the intercrural fibers and fascia, and the inguinal, lacunar, and reflected inguinal ligaments .

Variations.—The Obliquus externus may show decrease or doubling of its attachments to the ribs; addition slips from lumbar aponeurosis; doubling between lower ribs and ilium or inguinal ligament. Rarely tendinous inscriptions occur .

The Obliquus internus abdominis (Internal or ascending oblique muscle) thinner and smaller than the Obliquus externus, beneath which it lies, is of an irregularly quadrilateral form, and situated at the lateral and anterior parts of the abdomen. It arises, by fleshy fibers, from the lateral half of the grooved upper surface of the inguinal ligament, from the anterior two-thirds of the middle lip of the iliac crest, and from the posterior lamella of the lumbodorsal fascia. From this origin the fibers diverge; those from the inguinal ligament, few in number and paler in color than the rest, arch downward and medialward across the spermatic cord in the male and the round ligament of the uterus in the female, and, becoming tendinous, are inserted, conjointly with those of the Transversus, into the crest of the pubis and medial part of the pectineal line behind the lacunar ligament, forming what is known as the inguinal aponeurotic falx. Those from the anterior third of the iliac origin are horizontal in their direction, and, becoming tendinous along the lower fourth of the linea semilunaris, pass in front of the Rectus abdominis to be inserted into the linea alba. Those arising from the middle third of the iliac origin run obliquely upward and medialward, and end in an aponeurosis; this divides at the lateral border of the Rectus into two lamellæ, which are continued forward, one in front of and the other behind this muscle, to the linea alba: the posterior lamella has an attachment to the cartilages of the seventh, eighth, and ninth ribs. The most posterior fibers pass almost vertically upward, to be inserted into the inferior borders of the cartilages of the three lower ribs, being continuous with the Intercostales interni .

Variations.—Occasionally, tendinous inscriptions occur from the tips of the tenth or eleventh cartilages or even from the ninth; an additional slip to the ninth cartilage is sometimes found; separation between iliac and inguinal parts may occur .

The Cremaster is a thin muscular layer, composed of a number of fasciculi which arise from the middle of the inguinal ligament where its fibers are continuous with those of the Obliquus internus and also occasionally with the Transversus. It passes along the lateral side of the spermatic cord, descends with it through the subcutaneous inguinal ring upon the front and sides of the cord, and forms a series of loops which differ in thickness and length in different subjects. At the upper part of the cord the loops are short, but they become in succession longer and longer, the longest reaching down as low as the testis, where a few are inserted into the tunica vaginalis. These loops are united together by areolar tissue, and form a thin covering over the cord and testis, the cremasteric fascia. The fibers ascend along the medial side of the cord, and are inserted by a small pointed tendon into the tubercle and crest of the pubis and into the front of the sheath of the Rectus abdominis .

The Transversus abdominis (Transversalis muscle) so called from the direction of its fibers, is the most internal of the flat muscles of the abdomen, being placed immediately beneath the Obliquus internus. It arises, by fleshy fibers, from the lateral third of the inguinal ligament, from the anterior three-fourths of the inner lip of the iliac crest, from the inner surfaces of the cartilages of the lower six ribs, interdigitating with the diaphragm, and from the lumbodorsal fascia. The muscle ends in front in a broad aponeurosis, the lower fibers of which curve downward and medialward, and are inserted, together with those of the Obliquus internus, into the crest of the pubis and pectineal line, forming the inguinal aponeurotic falx .

Throughout the rest of its extent the aponeurosis passes horizontally to the middle line, and is inserted into the linea alba; its upper three-fourths lie behind the Rectus and blend with the posterior lamella of the aponeurosis of the Obliquus internus; its lower fourth is in front of the Rectus .

Variations.—It may be more or less fused with the Obliquus internus or absent. The spermatic cord may pierce its lower border. Slender muscle slips from the ileopectineal line to transversalis fascia, the aponeurosis of the Transversus abdominis or the outer end of the linea semicircularis and other slender slips are occasionally found .

The inguinal aponeurotic falx (falx aponeurotica inguinalis; conjoined tendon of Internal oblique and Transversalis muscle) of the Obliquus internus and Transversus is mainly formed by the lower part of the tendon of the Transversus, and is inserted into the crest of the pubis and pectineal line immediately behind the subcutaneous inguinal ring, serving to protect what would otherwise be aweak point in the abdominal wall. Lateral to the falx is a ligamentous band connected with the lower margin of the Transversus and extending down in front of the inferior epigastric artery to the superior ramus of the pubis; it is termed the interfoveolar ligament of Hesselbach and sometimes contains a few muscular fibers .

The Rectus abdominis is a long flat muscle, which extends along the whole length of the front of the abdomen, and is separated from its fellow of the opposite side by the linea alba. It is much broader, but thinner, above than below, and arises by two tendons; the lateral or larger is attached to the crest of the pubis, the medial interlaces with its fellow of the opposite side, and is connected with the ligaments covering the front of the symphysis pubis. The muscle is inserted by three portions of unequal size into the cartilages of the fifth, sixth, and seventh ribs. The upper portion, attached principally to the cartilage of the fifth rib, usually has some fibers of insertion into the anterior extremity of the rib itself. Some fibers are occasionally connected with the costoxiphoid ligaments, and the side of the xiphoid process .

The Rectus is crossed by fibrous bands, three in number, which are named the tendinous inscriptions; one is usually situated opposite the umbilicus, one at the extremity of the xiphoid process, and the third about midway between the xiphoid process and the umbilicus. These inscriptions pass transversely or obliquely across the muscle in a zigzag course; they rarely extend completely through its substance and may pass only halfway across it; they are intimately adherent in front to the sheath of the muscle. Sometimes one or two additional inscriptions, generally incomplete, are present below the umbilicus .

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 Pyramidalis is a small triangular muscle, placed at the lower part of the abdomen, in front of the Rectus, and contained in the sheath of that muscle. It arises by tendinous fibers from the front of the pubis and the anterior pubic ligament; the fleshy portion of the muscle passes upward, diminishing in size as it ascends, and ends by a pointed extremity which is inserted into the linea alba, midway between the umbilicus and pubis. This muscle may be wanting on one or both sides; the lower end of the Rectus then becomes proportionately increased in size. Occasionally it is double on one side, and the muscles of the two sides are sometimes of unequal size .

Besides the Rectus and Pyramidalis, the sheath of the Rectus contains the superior and inferior epigastric arteries, and the lower intercostal nerves .

Variations.—The Rectus may insert as high as the fourth or third rib or may fail to reach the fifth. Fibers may spring from the lower part of the linea alba .

Nerves.—The abdominal muscles are supplied by the lower intercostal nerves. The Obliquus internus and Transversus also receive filaments from the anterior branch of the iliohypogastric and sometimes from the ilioinguinal. The Cremaster is supplied by the external spermatic branch of the genitofemoral and the Pyramidalis usually by the twelfth thoracic .

The Linea Alba.—The linea alba is a tendinous raphé in the middle line of the abdomen, stretching between the xiphoid process and the symphysis pubis. It is placed between the medial borders of the Recti, and is formed by the blending of the aponeuroses of the Obliqui and Transversi. It is narrow below, corresponding to the linear interval existing between the Recti; but broader above, where these muscles diverge from one another. At its lower end the linea alba has a double attachment— its superficial fibers passing in front of the medial heads of the Recti to the symphysis pubis, while its deeper fibers form a triangular lamella, attached behind the Recti to the posterior lip of the crest of the pubis, and named the adminiculum lineæ albæ. It presents apertures for the passage of vessels and nerves; the umbilicus, which in the fetus exists as an aperture and transmits the umbilical vessels, is closed in the adult .

Diagram of a transverse section through the anterior abdomina wall, below the linea semicircularis .

The Lineæ Semilunares.—The lineæ semilunares are two curved tendinous lines placed one on either side of the linea alba. Each corresponds with the lateral border of the Rectus, extends from the cartilage of the ninth rib to the pubic tubercle, and is formed by the aponeurosis of the Obliquus internus at its line of division to enclose the Rectus, reinforced in front by that of the Obliquus externus, and behind by that of the Transversus .

Actions.—When the pelvis and thorax are fixed, the abdominal muscles compress the abdominal viscera by constricting the cavity of the abdomen, in which action they are materially assisted by the descent of the diaphragm. By these means assistance is given in expelling the feces from the rectum, the urine from the bladder, the fetus from the uterus, and the contents of the stomach in vomiting .

If the pelvis and vertebral column be fixed, these muscles compress the lower part of the thorax, materially assisting expiration. If the pelvis alone be fixed, the thorax is bent directly forward, when the muscles of both sides act; when the muscles of only one side contract, the trunk is bent toward that side and rotated toward the opposite side .

If the thorax be fixed, the muscles, acting together, draw the pelvis upward, as in climbing; or, acting singly, they draw the pelvis upward, and bend the vertebral column to one side or the other. The Recti, acting from below, depress the thorax, and consequently flex the vertebral column; when acting from above, they flex the pelvis upon the vertebral column. The Pyramidales are tensors of the linea alba .

The Transversalis Fascia.—The transversalis fascia is a thin aponeurotic membrane which lies between the inner surface of the Transversus and the extraperitoneal fat. It forms part of the general layer of fascia lining the abdominal parietes, and is directly continuous with the iliac and pelvic fasciæ. In the inguinal region, the transversalis fascia is thick and dense in structure and is joined by fibers from the aponeurosis of the Transversus, but it becomes thin as it ascends to the diaphragm, and blends with the fascia covering the under surface of this muscle 

Behind, it is lost in the fat which covers the posterior surfaces of the kidneys. Below, it has the following attachments: posteriorly, to the whole length of the iliac crest, between the attachments of the Transversus and Iliacus; between the anterior superior iliac spine and the femoral vessels it is connected to the posterior margin of the inguinal ligament, and is there continuous with the iliac fascia. Medial to the femoral vessels it is thin and attached to the pubis and pectineal line, behind the inguinal aponeurotic falx, with which it is united; it descends in front of the femoral vessels to form the anterior wall of the femoral sheath. Beneath the inguinal ligament it is strengthened by a band of fibrous tissue, which is only loosely connected to the ligament, and is specialized as the deep crural arch. The spermatic cord in the male and the round ligament of the uterus in the female pass through the transversalis fascia at a spot called the abdominal inguinal ring. This opening is not visible externally, since the transversalis fascia is prolonged on these structures as the infundibuliform fascia .

Methodology of Practical Classs Work 

1. On museal specimens, tablets study area and abdominal muscles .

 2. Study rectus abdominis muscle sheath On museum specimens and plates study fascia covering the external oblique abdominal muscle, located below the internal oblique and transverse abdominal muscles .

The program of independent work.

	Training tasks
	Concrete definition of tasks

	1. To study the abdominal muscles.                                                                                               
	1. To find and show the muscles and fascias of abdomen (external oblique, internal oblique, transverses abdominis muscles, quadratus lumborum muscle, rectus abdominis and pyramidal muscles). To show the fibers passage and points of insertion.

	2. 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. 

	3. Dissection of the abdominal muscles 
	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:
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b) additional
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Questions for final control:

1. Lateral, anterior, posterior abdominal muscles.

2. The linea alba of abdomen.

3. The rectus abdominis muscle sheath. Its peculiarities above and below the umbilical ring.
4. Topographical regions of abdomen.

5. Fossas and folds of anterior abdominal wall.

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: INGUINAL CANAL. TOPOGRAPHIC ANATOMY OF ANTERIOR ABDOMINAL WALL
