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Abstract
    Studies of the mechanics of the anterolateral abdominal wall musculoaponeurotic apparatus in healthy individuals are basic to appreciate the Pathophysiology of ventral hernia ,its pathological consequences and their impact on the functions of the abdominal wall. Functional impairment of the abdominal wall can cause serious discomfort in patients even during daily activity.
    This study included sixty one people , twenty five of them are suffering from ventral hernia and the other thirty six are controls. By using of multislice CT scan to study dynamics of the abdominal wall during rest and straining in both groups and to analyze the results.
    The current study results ssuggest that: The site of the PUH  defect was invariably related to the third tendinous intersection site, with a sac deflected to one side of the midline; 16 to the right side and 9 to the left side .  The third tendinous intersection is at a relatively higher position on the side of the hernia defect in the majority of cases.
    Comparing cases with PUH and controls at rest showed a decreased rectus muscle thickness in all segments in cases.Furthermore there is a wider distance between the two recti in the third and fourth rectus sheath segments in cases.Finally in the umbilical segment, there is a statistically significant increase in rectus muscle width,compliance angle and the AP diameter at rest when compared to the controls  
      Comparing cases with PUH and controls during straining revealed the same patterns reported above with an additional finding of a wider distance between the recti in the second rectus sheath segment on straining in cases(this was not demonstrable at rest).
     Using non parametric statistical techniques(Kruskal-Wallis test) there was a statistically significant difference between controls and cases without diastasis, and those with diastasis in the compliance angle showing a stepwise  increase respectively both at rest and during straining on either side of the midline

Key words:
    Abdominal wall dynamics – Paraumbilical hernias-Tendinious intersections-Rectus abdominis .
Introduction and aim of the work

Introduction

    Incision and closure of the abdominal wall are among the most frequently performed surgical procedures. .(Flament,2006).
    Integrity of the anterior abdominal wall is primarily dependent upon the abdominal muscles and their conjoined tendons.  The contour of the abdomen is dependent upon age, muscle mass, muscle tone, obesity, intraabdominal pathology, parity, and posture. These factors may significantly alter topography, and become a major obstacle to proper incision selection and placement.(Ellis,2007). 

    Functional impairment of the abdominal wall can cause serious discomfort in patients even during daily activity .(Klinge, etal,1998).
    Studies of the mechanics  of anterolateral abdominal wall musculoaponeurotic apparatus in healthy individuals are basic to appreciate the pathophysiology of ventral herniation , its pathological consquences and their impact on the functions of the abdominal wall . In fact the function of any given muscle in the anterior abdominal wall cannot be worked out separately and all muscles seem to work together in a harmonized fashion.(Askar,1994).
    Incisional hernia represents one of the most frequent complications of abdominal surgery ,it is an iatrogenic condition where there is failure of the lines of closure of the abdominal wall following a previous surgical incision ,(yahchouchy etal,2003).
   Umbilical hernias are the most  common type of midline fascial defect and occur at the umbilicus .it can be infantile or adult.(Snyder,2007).

    MDCT can help in dynamic morphological assessment of abdominal wall musculature during respiration and during active contraction of rectus abdominus muscle . 

Hypothesis:

    Ventral hernias can cause significant change in normal abdominal wall compliance.

Aim of the work:

    This study aims at understanding abdominal wall mobility in normal individuals and to compare it  with abdominal wall mobility in patients having ventral hernia mainly paraumbilical hernia durig resting  and straining using MDCT scaning technique.

Review of literature

Embryology of the anterior abdominal wall

    The anterior abdominal wall form as a result of the rapid growth of the

embryonic body and a simultaneous decrease in the growth of the body

stalk. (Keith, 1988).

    A layer of ectoderm and mesoderm (Somatopleure) at first without muscle, vessels or nerves of  the primitive wall. By the sixth week of

intrauterine life the somatopleure is invaded by the mesoderm derived from the myotomes on either side of the vertebral column. The segmental pattern is lost and the mesoderm grows laterally and ventrally as a sheet, the leading edges of which will differentiate into the right and left rectus abdominis muscles. These muscles are at first widely separated.

    The remaining part of the mesodermal sheet splits into three layers, an external layer which will differentiate ventrally into the external oblique muscle and dorsally into the serratus muscle, middle layer which will form the internal oblique muscle and an inner layer which will become the transverses abdomininis muscle.

    All of these muscles are distinguishable by the seventh week of intrauterine life. (Skandalakis and Gray, 199 ).
    In the infraumbilical region, the invasion of the somatopleure by the

somatic mesoderm is preceded by a layer of mesoderm that arises from the primitive streak just behind the cloaca. This “secondary mesoderm”

surrounds the margins of the cloaca and invades the abdominal wall caudal to the body stalk, separating the layers of ectoderm and endoderm of the cranial end of the cloacal plate.

    It provides primary closure of the body wall between the phallus and the body stalk and forms part of the musculature of the bladder. The secondary mesoderm is in position by the seventh week and is followed by the somatic mesoderm which fuses externally to it by the twelfth week. (Boyd, 1980).
    Approximation of the two recti proceeds from both cranial and caudal

ends, becoming essentially closed by the twelfth week, except for the

umbilical ring itself. At the ring, the body wall with its developing muscles gives way to undifferentiated somatopleure over the surface of the umbilical cord. (Skandalakis and Gray, 1996).
Anatomy of the Anterior Abdominal Wall
INTRODUCTION  : 

    Incision and closure of the abdominal wall are among the most frequently performed surgical procedures. The abdominal wall is defined cranially by the xiphoid process of the sternum and the costal margins, and caudally by the iliac and pubic bones of the pelvis. It extends to the lumbar spine, which joins the thorax and pelvis and is a point of attachment for some abdominal wall structure.(Flament,2006).
    Integrity of the anterior abdominal wall is primarily dependent upon the abdominal muscles and their conjoined tendons. These muscles assist with respiration and control the expulsive efforts of urination, defecation, coughing, and parturition. They also work with the back muscles to flex and extend the trunk at the hips, rotate the trunk at the waist, and protect viscera by becoming rigid.

    The contour of the abdomen is dependent upon age, muscle mass, muscle tone, obesity, intraabdominal pathology, parity, and posture. These factors may significantly alter topography, and become a major obstacle to proper incision selection and placement.(Ellis,2007). 

    Knowledge of the layered structure of the abdominal wall permits efficient and safe entry into the peritoneal cavity. The principal structures from exterior to interior are: skin, subcutaneous tissue, muscles with an aponeurosis, transversalis fascia, preperitoneal fat, and peritoneum. Nerves, blood vessels, and lymphatics are present throughout.

    Abdominal wall anatomy that is clinically pertinent to the surgeon, focusing primarily on the structures of the anterior abdominal wall will be reviewed. 

SKIN AND SUBCUTANEOUS TISSUE :

    The skin is the largest organ of the human body. It has numerous functions, including protection against mechanical injury, prevention of bacterial invasion, and protection from the effects of ultraviolet light.

     Skin is loosely attached to the underlying structures of the abdomen, with the exception of the umbilicus, where the skin is tethered firmly to underlying tissue.

     Skin lines of approximately equal tension are known as Langer's lines  (figure 1) (Langer ,etal.1973).
    Across the abdomen, these lines are oriented in a predominately transverse direction with a gentle curvature. Langer’s lines are associated with the distribution of collagen and elastic fibers in the skin .(Wong,etal.2010).
   Thus, transverse incisions heal with a narrower, more cosmetic scar, because they are parallel to Langer's lines and have less tension, while longitudinal or oblique incisions, which traverse these lines, may heal with a broader scar .(Wong,etal.2010).
    The subcutaneous tissue is comprised of deep and superficial adipose tissue layers separated by weak, poorly defined fibrous tissue matrices. Camper's fascia is superficial and Scarpa's fascia is deep .(Tobin and Benjamin ,1949).

    Camper's fascia is the superficial fatty layer that is continuous with superficial adipose, and may vary in thickness, depending upon the patient's body habitus. Scarpa's fascia is a more membranous layer that will eventually become continuous with the superficial fascia of the back and thorax. Inferiorly, this membranous layer also fuses in the midline and forms a tubular sheath for the penis or clitoris. .(Tobin and Benjamin ,1949).
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Figure (1)

It describes lines of langerhans.

(Langer ,etal.1973).
MUSCLES:

    The anterior abdominal wall consists primarily of the rectus muscles and associated fascia (figure 2A).
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  (Figure 2A)
Anterior abdominal wall muscles. (Tokita ,2006).
    Posterolateral, lateral, and the remaining anterior portion of the abdominal wall are composed of three paired, broad, flat muscles, each with an aponeurosis or tendon including the external oblique, internal oblique and transversus abdominis muscles (figure 2B). The rectus muscles are responsible for abdominal wall flexion, while the oblique muscles rotate the torso. The internal oblique and transversus abdominis muscles support and compress the abdominal contents. (Tokita ,2006).
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(Figure 2B)

Lateral abdominal wall muscles.
 (Tokita ,2006).

Rectus abdominis :

    The rectus abdominis consists of a pair of strap muscles that extend the length of the anterior abdominal wall, and are separated by the linea alba (figure 2A). These muscles arise from the symphysis pubis and the pubic crest with insertion into the fifth, sixth, and seventh costal cartilages and the xiphoid process. The rectus sheath has variable contributions from the oblique and transversus muscles .(Tokita ,2006).
External oblique: 

     The external oblique muscle is a broad, thin muscle that arises from the surfaces of the lower eight ribs, fanning out downward to insert medially into the xiphoid process, the linea alba, and the anterior portion of the iliac crest (figure 2A-B).

     Its aponeurotic sheet contributes to the anterior sheath of the rectus abdominis, then fuses at the linea alba in the midline with the contralateral counterpart (figure 3). The remainder of the aponeurosis extends from the iliac spine to the pubic tubercle where it becomes the inguinal ligament. (Tokita ,2006).
Internal oblique :

    The internal oblique muscle is a broad, thin muscle that lies deep to the external oblique, with its origins from the thoracolumbar fascia, the anterior two-thirds of the iliac crest, and the lateral two-thirds of the inguinal ligament (figure 2A-B). 

    Its aponeurotic sheet contributes to the anterior sheath of the rectus abdominis, then fuses at the linea alba in the midline with the contralateral counterpart (figure 3).

    The muscle fibers travel upward and forward to insert into the lower borders of the lower three ribs and their costal cartilages, the xiphoid process, the linea alba, and the symphysis pubis. (Tokita ,2006).
Transversus abdominis:

     The transversus abdominis muscle is a thin muscle sheet that lies deep to the internal oblique muscle. The fibers of this muscle sheet run horizontally and forward. It arises from the deep surface of the lower six costal cartilages, the lumbar fascia, iliac crest, and the lateral third of the inguinal ligament, and inserts into the xiphoid process, linea alba, and the symphysis pubis (figure 2A-B).

     Its aponeurotic sheet contributes to the posterior rectus sheath above the arcuate line and the anterior rectus sheath below the arcuate line (figure 3). It then fuses at the linea alba in the midline with the contralateral counterpart. (Tokita ,2006).
Pyramidalis: 
    The pyramidalis muscle is a flat, triangular muscle at the inferior margin of the anterior abdominal wall. It originates from the superior pubic ramus, between the symphysis pubis and the pubic tubercle, and runs superomedially inserting into the linea alba. Most of the existing literature regarding this muscle focuses on whether or not it actually exists .(Tokita ,2006).
FASCIA:
Rectus sheath :

    The rectus sheath is composed of the broad sheet-like aponeuroses of the flank muscles which enclose the rectus abdominis (and pyramidalis muscle, if present). Lateral to the rectus abdominis, the aponeuroses can be separated, but they fuse as they reach the midline (figure 3).
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Figure (3).

Sectional view of the abdominal wall musculature.
(Mwachaka ,etal.2010).

    The external oblique muscle, the most superficial of the flank muscles, has a broad aponeurosis that passes anteriorly over the rectus abdominis. Beneath the external oblique, the internal oblique has a bilaminar aponeurosis that passes anterior and posterior to the rectus abdominis above the arcuate line, and anterior to the rectus below the arcuate line. 

   The innermost abdominal muscle is the transversus abdominis. Its aponeurosis is posterior to the rectus abdominis above the arcuate line, and anterior to the rectus abdominis below the arcuate line where it fuses with the aponeurosis of the internal oblique.

    Inferior to the arcuate ligament, the aponeuroses of all three muscles form the anterior sheath. The posterior sheath is absent and the rectus lies directly on top of the transversalis fascia (figure 3). 

    The arcuate line is the site where the inferior epigastric vessels enter the rectus sheath, travel superiorly, and converge with the superior epigastric vessels (figure 4). The arcuate line is absent in as many as 30 percent of individuals . (Mwachaka ,etal.2010).

Transversalis fascia: 

    The transversalis fascia is a  fibrous layer covering the inner surface of the transversus abdominis muscles and is separated from the peritoneum by a layer of fat, commonly known as the preperitoneal fat layer. It is frequently incised off the bladder when the peritoneal cavity is opened. This layer of connective tissue forms a continuous lining for the abdominal and pelvic cavities and is continuous with the diaphragmatic fascia, the iliacus fascia, and the pelvic fascia (figure 3).(Beer ,etal.2009). 

Linea alba :

    The linea alba stretches from the xiphoid process to the pubic symphysis.

    It is defined as the fusion of the aponeuroses of the external oblique, internal oblique, and the transversus abdominis muscles (figure 3). It maintains the abdominal musculature at a certain proximity to each other. The linea tends to have its widest margin approximately 3 cm superior to the umbilicus, and has varying distances depending upon the point of reference along the abdominal wall .(Beer ,etal.2009). 

PERITONEUM :

     The peritoneum is a single layer of serosa supported by a thin layer of connective tissue that lines the abdominal cavity. Five vertical folds are formed by underlying ligaments or vessels that converge at the umbilicus: the abdominal wall reflection of the bladder, which fuses with the urachus; the single middle umbilical ligament (the obliterated urachus); the paired medial umbilical ligaments (remnants of the obliterated umbilical arteries); and the lateral umbilical ligaments associated with the deep inferior epigastric vessels .(Rozen ,etal.2008).

VASCULATURE: 

     The blood supply of the abdominal wall is comprised of superficial and deep vascular supplies (figure 4) .(Rozen ,etal.2008).
    These named vessels run primarily longitudinally and may provide collateral flow channels between the subclavian artery and femoral artery when significant aortic or bilateral iliac artery obstruction is present. The superficial vasculature is located in the subcutaneous tissues and supplies the tissues superficial to the external oblique aponeurosis and the anterior rectus sheath. The muscles and tissues below these layers are supplied by the deep vessels which are located in the musculofascial layers. (Rozen ,etal.2008).
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Figure (4).

Blood vessels of the anterior abdominal wall.
(Rozen ,etal.2008).
Deep arteries:

 Inferior deep epigastric arteries :
    The inferior deep epigastric artery is thought to be the dominant vascular supply to the anterior abdominal wall (figure 4) . It branches from the external iliac artery passing medially adjacent the inguinal ligament. It ascends medial to the external inguinal ring and superficial to the transversalis fascia. It then proceeds toward the umbilicus and crosses the lateral border of the rectus muscle at the arcuate line where it enters the posterior rectus sheath (figure 5). (Rozen ,etal.2008).
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Figure(5).

Sagittal view of the layers of the abdominal wall.
(Rozen ,etal.2008).
    Once the artery enters the sheath, it branches extensively. It ascends within the rectus sheath to communicate with the superior deep epigastric artery. The angle between the vessels and lateral border of the rectus forms the apex of the inguinal (Hesselbach's) triangle, the base of which is the inguinal ligament.
    The musculocutaneous perforating vessels of the inferior deep epigastric artery reach and supply deeper tissue as well as the integument of the anterior abdominal wall. These perforators are particularly relevant in reconstructive surgery as an important supply for abdominal tissue flaps used. The number, location, and course of these perforators are highly variable. (Rozen ,etal.2008).
The inferior deep epigastric vessels are bounded only by loose areolar tissue below the arcuate line. Trauma to this portion of the inferior deep epigastric artery may result in considerable hemorrhage. Because hematomas commonly dissect into the retroperitoneal space, large quantities of blood may be lost before outward evidence of hematoma is detectable. (Rozen ,etal.2008).
Superior deep epigastric arteries:

    The superior deep epigastric artery is a terminal branch of the internal thoracic artery (figure 4). It enters the rectus sheath at the seventh costal cartilage and descends on the posterior surface of the rectus muscle (figure 5). 

    The superior and inferior deep epigastric arteries freely anastomose with one another at the level of the umbilicus to provide a generous collateral circulation between the subclavian and external iliac arteries. These vessels communicate laterally with the intercostals, subcostal, and lumbar arteries, as well as the ascending branch of the deep circumflex iliac artery . (Rozen ,etal.2008).
    Deep branches of this vessel supply the posterior rectus sheath and the peritoneum with muscular branches and anterior perforating branches supplying skin and subcutaneous tissues.  

Deep circumflex iliac arteries: 

    The deep circumflex iliac artery also branches from the external iliac artery or, less frequently, from a common origin that includes the inferior epigastric artery (figure 4).

    Its course is lateral and vertical behind the inguinal ligament. It then turns medially at the iliac crest, where it pierces the transversus abdominis muscle. Between the transversus abdominis and internal oblique muscles, numerous connecting branches supply the lower and lateral abdominal wall. Anastomoses with the intercostal and lumbar vessels supply branches to all the flank muscles. (Rozen ,etal.2008).  

Musculophrenic arteries: 

     The musculophrenic artery is also a branch of the internal thoracic artery (figure 4). It lies behind the costal cartilage to supply the intercostal spaces and upper abdominal wall. Anastomoses from intercostal and subcostal vessels to the deep circumflex iliac vessels occur in the deep layer. (Rozen ,etal.2008).
Superficial arteries:

    The superficial vasculature of the abdominal wall is located in the subcutaneous tissues. 

     It consists of branches of the femoral artery, including the superficial inferior epigastric, superficial external pudendal, and superficial circumflex arteries.

    The superficial inferior epigastric vessels run diagonally in the subcutaneous tissues from the femoral artery toward the umbilicus (figure 4). They can be identified on a line between the palpable femoral pulse and umbilicus just superficial to Scarpa's fascia. As they approach the umbilicus, the arteries branch extensively.

    The external pudendal arteries have a medial and diagonal course from the femoral artery, and supply the region of the mons pubis. These vessels branch extensively as they approach the midline. 
    Following incision, bleeding is typically heavier here than in other subcutaneous areas of the abdomen.

    The superficial circumflex iliac vessels proceed from the femoral vessels to the flank. The superficial vessels follow the general pattern of the deep vessels and arise from the iliac or femoral vessels. The exception is that the superficial inferior epigastric vessels have no superior counterparts. (Rozen ,etal.2008).
Veins: 

    Venous drainage of the anterior abdominal wall tends to be more variable than arterial pathways; however, veins typically follow the course of arteries (figure 4). A better understanding of venous drainage systems of the anterior abdominal wall is needed for better management of abdominal flaps. (Rozen ,etal.2008).
    Above the umbilicus, they drain to the subclavian vessels, and below the umbilicus, they drain to the external iliac vessels. Veins may be dilated in patients with obstructed blood-flow through the liver and porta hepatis. They may also be engorged in patients with large pelvic masses.

Collateral flow channels: 

    Several patterns of collateral flow exist in the abdominal wall due to the extensive network of vessels supplying it. The principle blood vessels involved in this collateral circulation are the internal mammary, superior epigastric, intercostals, inferior epigastric, and external iliac (figure 4). 

    This network allows blood to bypass the occlusion of the aorta or iliac vessels, and thus, restore blood flow to the lower extremities. Case reports have described worsening of lower extremity ischemia when transverse incisions of the abdomen disrupt the abdominal wall vessels.(Krupski ,etal.1984).
LYMPHATIC CHANNELS:

    Abdominal lymphatics generally follow the course of the abdominal veins. As a general rule, the channels of the upper abdominal wall, above the level of the umbilicus, drain primarily to the anterior axillary (ie, pectoral) lymph nodes, and to a lesser extent, to the internal mammary chain (figure 6). .(Krupski WC,etal.1984).
    Those of the lower abdomen, below the level of the umbilicus, drain to the inguinal nodes and then to the iliac chain of nodes. Lymphatics adjacent the umbilicus drain towards the liver through the falciform ligament. Transverse incisions are likely to disrupt lymphatic drainage to some degree. This disruption may lead to tissue swelling in the abdominal wall until collateral lymphatic drainage can be established. .(Krupski ,etal.1984).
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Figure (6).

Lymphatic system .
(Krupski ,etal.1984).
NERVES: 

     The intercostal and lumbar nerves enter the abdominal wall between the transversus abdominis and internal oblique muscles, and run in a generally caudal and medial direction. Each nerve innervates a dermatome, but some overlapping innervation occurs. Longitudinal incisions (except at the midline) can be expected to lead to sensory impairment inferior and medial to the level of the transected nerves.

    Although technically not nerves of the abdominal wall, the femoral nerve, the lateral femoral cutaneous nerve, and the genitofemoral nerve can also be damaged during abdominal surgery, especially with inguinal and femoral hernia repair (figure 7). .(Gardner ,etal.1994).
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Figure(7).

Nerves of the abdominal wall.
.(Gardner ,etal.1994).

    The prevention of neurologic complications during the course of hernia and pelvic surgery are reviewed separately.

Intercostal nerves:

    The 7th to 12th intercostal nerves innervate the abdominal wall (figure 8B). Because of overlapping dermatomes, the fifth and sixth intercostal nerves can also contribute. The intercostal nerves divide into lateral cutaneous branches and anterior and posterior branches. The 10th nerve supplies the region of the umbilicus. Postoperative bulge is related to intercostal nerve injury with subsequent paralysis of abdominal wall musculature. Intercostal nerve injury can be reduced by avoiding extension of the incision into the 11th intercostal space .(Gardner ,etal.1994).

Iliohypogastric nerves: 

    The 12th intercostal and the first lumbar nerves form the iliohypogastric nerve, which passes medial to the anterior superior iliac spine (figure 8A-B). The iliohypogastric nerve enters the abdominal wall at the transversus abdominis muscle and courses, on average, 2.1 cm medial and 0.9 cm inferior to the anterior superior iliac spine, following a linear course to terminate 3.7 cm lateral to the midline and 5.2 cm superior to pubic symphysis .(Sippo ,etal.1987).
    The terminal branch courses medial and parallel to the inguinal ligament. It provides motor fibers to external oblique, internal oblique, and transversus abdominis muscles, and provides sensory fibers to the skin of the mons pubis.

     The anterior cutaneous branch of the iliohypogastric nerve provides sensory innervation to the skin of the upper and lateral thigh .(Whiteside ,etal.2003).
     It communicates with the ilioinguinal nerve, and provides sensory fibers to the skin overlying the external inguinal ring and symphysis. Measures to avoid nerve injury during the course of open hernia repair are discussed elsewhere. .(Whiteside ,etal.2003).

Ilioinguinal nerve: 

     The ilioinguinal nerve is formed by the combination of the first and second lumbar nerves, and passes medial to the superior anterior iliac spine to supply the lower abdominal wall (figure 8A-B).
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Figure(8A).

Lumbar plexus.

.(Sippo ,etal.1987).
     On average, the proximal end of the ilioinguinal nerve enters the abdominal wall 3.1 cm medial and 3.7 cm inferior to the anterior superior iliac spine, then follows a linear course to terminate 2.7 cm lateral to the midline and 1.7 cm superior to pubic symphysis .(Sippo ,etal.1987).
    The ilioinguinal nerve generally follows a course with the iliohypogastric nerve, running medially at the inguinal ligament between the transversus abdominis and internal oblique muscles. 

    A branch of the ilioinguinal nerve accompanies the round ligament as it passes through the inguinal canal. It exits the canal at the external inguinal ring, and provides sensory fibers to the labia majora and the upper aspect of the medial thigh  .(Whiteside ,etal.2003).
\
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Figure(8B).

Nerves of the anterior chest and abdomen.

(Whiteside ,etal.2003).

Genitofemoral nerve: 

     The genitofemoral nerve has fibers from the first and second lumbar nerves, and rests on the psoas muscle lateral to the external iliac artery (figure 8A and figure 8B).

     The genital branch provides sensation to the mons pubis and labia majora. The femoral branch provides sensation to the femoral triangle The genital branch passes within the cremasteric muscle fibers in men and in the round ligament in women, and may be encountered during open hernia surgery. (Stulz .and Pfeiffer . 1982).
Lateral femoral cutaneous nerve: 

     The second and third lumbar roots give rise to this nerve (figure 8A-B), which crosses the psoas muscle slightly above the femoral nerve and provides sensory innervation to the anterior and lateral thigh.(Schniederman  and Bomze . 1967).
     It runs inferiorly and laterally toward the anterior superior iliac spine, exiting the pelvis through the lateral lacuna musculorum. It pierces the fascia approximately 2 to 3 cm below the anterior superior iliac spine. Entrapment of the lateral femoral cutaneous nerve can occur, leading to numbness; paresthesias; and pain in the anterolateral thigh, a condition known as meralgia paresthetica.(Schniederman  and Bomze . 1967).
Surgical anatomy of the aponeurotic expansions

of the anterior abdominal wall
by: Omar M Askar.1977.

Introduction:
    The existence in the aponeuroses of the muscles of the anterior abdominal wall of a pattern closely similar to that seen in the deep fascia of the leg" 2 (Fig. i) drew the author's attention to its possible functional role. As no mention of such a pattern has appeared hitherto in the literature a study of the anatomy of the anterior abdominal wall was carried out, aiming at a clearer understanding of its function. Particular attention 'was directed to the aponeurotic area forming the major portion of the anterior abdominal wall.
Discussion
   The linea alba, as could be gathered from this study, should no longer be regarded as the line of insertion of the abdominal muscles. More accurately it is an area at the midline across which the fine tendinous aponeurotic fibres of the three muscular strata pass freely from one side to the other. (Figs 9 – 10). 
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FIG. 9 Patterns of decussation behind rectus

muscles (R): (i) Single decussation (30%);

(2) triple decussatio'n (70%). (a) Internal

oblique (posterior lamina); (b) 'down-turned'

stratum of transversus aponeurosis; (c) 'upturned'

stratum. Omar M Askar.1977.
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FIG. 10 Patterns of decussation at midline

aPoneurotic area (linea alba): (A) single

anterior and single posterior lines of decussation

(30%); (B) single anterior and triple posterior

lines of decussation (10%); (C) triple anterior

and triple posterior lines of decussation (6o%).

319 :320 Omar M Askar.1977.
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FIG. 11, Fibrous X-shaped bands connecting

skin to midline decussation above umbilicus.

more precise description would be the 'midline

aponeurotic area'.Omar M Askar.1977.
     The triple pattern of decussation provides additional strength to the midline aponeurotic area. The more frequent presence of this triple pattern on its posterior aspect (70%) points to the fact that nature provides additional strength to the first line of defence against herniation. Herniation has been found to occur more frequently when only single decussation is present.
    The digastric pattern between the muscles of the two sides exemplifies the harmonized action of all the muscles in the anterior abdominal wall; the action of an individual muscle or the muscles of one side cannot be worked out separately.
    The way in which the aponeurotic fibres of one side end on the other side, as scen in the external oblique aponeurosis, seems of significance in preventing the separation of the muscle bundles which could result from muscular contraction on the opposite side .
    Extensive splitting of muscle or aponeurosis is apt to interfere with this action. This fact needs special consideration in the repair of hernial defects following lumbar and iliac incisions.
    The fact that the anterior abdominal wall aponeuroses are formed of fine tendons invested in loose areolar tissue indicates their free mobility over each other, which allows an appreciable degree of mobility in the resultant fabric, the aponeuroses.
    The oblique direction in which the aponeurotic fibres are placed in this fabric offers freedom for changes in both the longitudinal and transverse diameters (Fig. 12).
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FIG. 12, Allowance for changes in both longitudinal

and transverse diameters where the

fibres in a fabric are obliquely placed. Omar M Askar.1977.
    This allows for changes in the shape of the aponeurosis in adaptation to movements of the trunk. As an example of this, the midline aponeurotic area will alwavs describe a straight line whether the trunk is extended or fully flexed; flexion of the trunk will produce folds in the skin and subcutaneous tissues only, not in the aponeuroses.
    One can imagine how much of this function would be lost as a result of a rigid scar following a midline incision.
    The triple criss-cross pattern seen in both the anterior and posterior rectus sheaths above the umbilicus accounts for the ample durability of the aponeuroses. Such strength is extremely important in quadrupeds, where all the weight of the abdominal viscera falls on these aponeuroses, with the umbilicus placed nearer to the pubis.
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FIG. I3 Silhouette picture of anterior abdominal

wall (postmortem specimen) demonstrating:

(a) midline aponeurotic area; (b) respiratory

area (parachute mechanism); (c) lower belly

support area. Omar M Askar.1977.
    The difference in the aponeurotic pattern above and below the umbilicus points to the difference in function of the two regions. Above the umbilicus the pattern and shape of the aponeuroses fulfil the required expansible distensibility needed for respiration simulating, in a way, an open parachute.
     The diaphragm is another example of this 'parachute mechanism'. Whenever the balanced traction at the edges of this parachute is disturbed as a result of injury to the fibres (pararectal incision) or paralysis of the pulling muscles (subcostal incisions) a paradoxical movement of the abdominal wall with respiration

results.
     The aponeurotic slips descending from the diaphragm synchronize the movements of the two parachute mechanisms. At the same time these slips could be responsible for the production of epigastric hernia defects. Below the umbilicus most of the muscular bundles as well as their aponeurotic fibres, being directed downwards and medially, closely simulate an elastic belly support.

    The first suggestion of a similarity in function between the abdominal wall and the diaphragm was given by Solger in I865. He pointed out that the rectus sheaths of both sides were equivalent to the central tendon of the diaphragm. 
    Wolmsly' in I937 had the impression that there were two functionally separate zones in the abdominal wall, stating that 'the lower tendinous intersections of the rectus demarcate two functionally different parts in the anterior abdominal wall. 

    Above that level the muscles are actively contracting but below it they offer passive support for the rectus and hence their anterior position to the

rectus is more significant'. This topic demonstrates anatomically the two functionally separate zones, an upper respiratory (parachute mechanism) and a lower (belly support). An explanation is thus provided for the suggestions of earlier workers.
    The curve described by the aponeurotic fibres from all the strata, most marked in the region of umbilicus, points to an allowance for physiological grades of abdominal distension that is, as much as would bring this curvature into a straight line.
    Abdominal distension exceeding these physiologically permissible limits would thus tend to concentrate its stress on this area. 

    The presence of a connection between the skin and the midline aponeurotic area above and not below the umbilicus may explain why a pendulous belly occurs below and not above the umbilicus. The X-shaped pattern of these aponeurotic bands may account for the loculations observed in midline hernial sacs above the umbilicus. Such loculations are seldom seen in other types of hernia.

Tendon healing

    Tendon healing studies have predominantly been performed on transected animal tendons or ruptured human tendons, and their relevance to human tendinopathy with its associated healing failure response remains unclear( Sharma et al,2005).
    Tendon healing occurs in three overlapping phases. In the initial inflammatory phase, erythrocytes and inflammatory cells, particularly neutrophils, enter the site of injury. In the first 24 hours, monocytes and macrophages predominate, and phagocytosis of necrotic materials occurs. Vasoactive and chemotactic factors are released with increased vascular

permeability, initiation of angiogenesis, stimulation of tenocyte proliferation, and recruitment of more inflammatory cells Tenocytes gradually migrate to the wound, and type III collagen synthesis is initiated. (Murphy et al,1994).
    After a few days, the remodeling stage begins. Synthesis of type III collagen peaks during this stage, which lasts for a few weeks. Water content and glycosaminoglycan concentrations remain high during this stage( Oakes et al,2003).
    After approximately 6 weeks, the modeling stage commences. During this stage, the healing tissue is resized and reshaped. A corresponding decrease in cellularity, collagen and glycosaminoglycan synthesis occurs. The modeling phase can be divided into a consolidation and maturation stage(Tillman et al1996).. The consolidation stage commences at about 6 weeks andcontinues up to 10 weeks. In this period, the repair tissuechanges from cellular to fibrous. Tenocyte metabolism remains high during this period, and tenocytes and collagen fibres become aligned in the direction of stress(Hooley et al,1979).
    A higher proportion of type I collagen is synthesized during this stage. After 10 weeks, the maturation stage occurs, with gradual change of fibrous tissue to scar-like tendon tissue over the course of one year
( Abrahamsson etal,1991).
     During the latter half of this stage, tenocyte metabolism and tendon vascularity decline(Amiel etal,1987).
    Tendon healing can occur intrinsically, via proliferation of epitenon and endotenon tenocytes, or extrinsically, by invasion of cells from the surrounding sheath and synovium(.Gelberman etal,1984). Epitenon tenoblasts initiate the repair process through proliferation and migration(Manske etal ,1985).. Healing in severed tendons can be performed by cells from the epitenon alone, without relying on adhesions for vascularity or cellular support(Gelberman etal ,1986).
    Internal tenocytes contribute to the intrinsic repair process and secrete larger and more mature collagen than epitenon cells(Fujita etal,1992). Despite this, fibroblasts in the epitenon and tenocytes synthesize collagen during repair, and different cells probably produce different collagen types at different time points. Initially, collagen is produced by epitenon cells, with endotenon cells later synthesizing collagen(. Ingraham etal ,2003).
    The relative contribution of each cell type may be influenced by the type of trauma sustained, anatomical position, presence of a synovial sheath, and the amount of stress induced by motion after repair has taken place(Koob etal ,2002).

    Tenocyte function may vary depending on the region of origin. Cells from the tendon sheath produce less collagen and GAG compared to epitenon and endotenon cells. However, fibroblasts from the flexor tendon sheath proliferate more rapidly. The variation in phenotypic expression of tenocytes has not been extensively investigated, and this information may prove useful for optimizing repair strategies.( Riederer etal,1983).

    Intrinsic healing results in improved biomechanics and fewer complications. In particular, a normal gliding mechanism within the tendon sheath is preserved(Koob etal ,2002),. In extrinsic healing, scar tissue results in adhesion formation which disrupts tendon gliding(Strickland etal 1999). 
    Different healing patterns may predominate in particular locations, and, for example, extrinsic healing tends to prevail in torn rotator cuffs(Uhthoff etal ,1991).

Remodeling responses:

    The histopathological process as the basis of the clinical manifestations of tendinopathy then can be viewed as a failure of cell matrix adaptation to a variety of stresses, due to an imbalance between matrix degeneration and synthesis.

     Remodeling plays an important role in responding to microtrauma from repetitive loading. This repair mechanism is probably mediated by resident tenocytes, which maintain a fine balance between extracellular matrix production and degradation.
     Modeling is also involved in the physiological response of tendon to resistance training. In such situations, modeling adapts the tendon to the mechanical loads placed on it, and prevents the tendons from incurring injuries. An increase in the  tendon mass and cross-sectional area occurs during modeling.

Physiology of abdominal wall musculature

Abdominal wall muscles:

    The anterolateral muscles are firm but with elastic wall retaining

abdominal viscera and opposing actions of gravity on them in both erect and supine posture. However, their most frequent physic involvement is in respiration. (Askar, 1984).
Global function:
    The abdominal muscles flex the lumbar spine, rectus abdominis being

particularly powerful in this action. Lateral flexion and rotation of the trunk are produced by the co-ordinated contraction of the oblique muscles of both sides of the midline. Acting collectively, the abdominal muscles increase the intra abdominal pressure and if the respiratory passage is open, the diaphragm is pushed upwards as in forced expiration (sneezing and coughing). Increased abdominal pressure with the air way closed, starting occurs when lifting heavy objects and during defecation, childbirth and vomiting. (Melvin et al, 2005).
Overview of abdominal hernias

INTRODUCTION:

     Ventral hernias result from defects in the abdominal wall. They are typically classified by etiology and location. Ventral hernias can develop as a result of prior surgery (incisional) or spontaneously (umbilical, epigastric, Spigelian, or lumbar hernias).

     The etiology, presentation, and treatment options for most abdominal wall hernias will be reviewed here.

INCISIONAL HERNIA:

     Incisional hernias, by definition, develop at sites where an incision has been made for some prior abdominal procedure. Hernias are due to failure of fascial tissues to heal and close following laparotomy.

Etiology:

     Any condition that inhibits natural wound healing will make a patient susceptible to the development of an incisional hernia. Such conditions include: infection, obesity, smoking, medications such as immunosuppressives, excessive wound tension, malnutrition, fractured sutures, poor technique, and connective tissue disorders .Emergency surgery increases the risk of incisional hernia formation.(George ,1986).

      It is estimated that an incisional hernia will develop in approximately 10 to 15 percent of abdominal incisions and in up to 23 percent of patients who develop postoperative wound infection .Such hernias can occur after any type of abdominal wall incision, although the highest incidence is seen with midline incisions, the most common incisions for many abdominal procedures .(Mudge ,etal 1985).(Kingsnorth  etal,2003).(Bucknall  etal,1982).

    Abdominal wound dehiscence, in particular, leads to incisional hernia. Risk factors for the development of wound dehiscence include age >70 years, male gender, chronic pulmonary disease, ascites, jaundice, anemia, emergency surgery, coughing, type of surgery, and wound infection (Van Ramshorst  etal,2010).

     Incisional hernias can increase in size to enormous proportions; giant ventral hernias can contain a significant amount of small or large bowel. At the extreme end of the spectrum is the giant incisional hernia that leads to loss of abdominal domain, which occurs when the intraabdominal contents can no longer lie within the abdominal cavity.

     Incisional hernias typically develop in the early postoperative period, suggesting that some local factor (infection, tension, technique) is responsible. However, hernias can develop as late as 10 years after surgery; these may arise from previously undetected small hernias.

     Controversy exists as to whether any particular incision is less likely to lead to a hernia. Upper abdominal incisions have a higher incidence of herniation than do lower abdominal incisions. A small, randomized trial comparing vertical and transverse incisions for abdominal aortic aneurysm repair found, at four-year follow-up, that incisional hernia was significantly more likely to occur with vertical laparotomy (Fassiadis ,etal 2005).

    Postoperative ventral hernias have been described following paramedian, subcostal, McBurney, Pfannenstiel, and flank incisions. Laparoscopic port sites may also develop hernia defects in the abdominal wall fascia.

Presentation:

   The patient with an incisional hernia complains of a bulge in the abdominal wall, originating deep to the skin scar. 
   This may cause a varying degree of discomfort, or may present as a cosmetic concern. Symptoms are usually aggravated by coughing or straining, as the hernia contents protrude through the abdominal wall defect (figure 14).
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Figure (14).

An incisional hernia occurs when bowel protrudes through a defect or weakness resulting from a surgical incision. It appears as a bulge near a surgical scar on the abdomen.

Weber, Kelley.2003  Copyright © 2003 Lippincott Williams & Wilkins.

    Presentation of the incisional hernia with incarceration causing bowel obstruction is not uncommon. In large ventral hernias, the skin may present with ischemic or pressure necrosis leading to frank ulceration .
    The hernia, on examination, is usually easy to identify, and the edges of the fascial defect can often be defined by palpation. The entire abdominal wall, along the length of the incision, should be inspected and palpated carefully, as multiple hernias are often present in the setting of an incisional hernia.
    These are frequently referred to as "Swiss cheese hernias" because of their appearance. In the obese patient with a suspected incisional hernia that cannot be confirmed on examination, computed tomography of the abdomen is the best test to visualize intraabdominal contents within the hernia sac.
Indications for surgery:

    Most incisional hernias should be repaired .Surgery should be considered when any of the following factors are present:

· Symptomatic

· Potential for incarceration

· Sufficient size to complicate dressing or activities of daily living

    Even the smallest incisional hernia has the potential for incarceration and, therefore, repair should be considered. Hernias that are less likely to incarcerate include upper abdominal hernias, hernias less than 1 cm in diameter, and hernias larger than 7 to 8 cm (where loops of bowel can move in and out of the hernia sac without restriction, and are therefore less likely to become incarcerated).

    Contraindications to elective surgery are only those conditions that preclude any elective surgical procedure in the unstable or high-risk patient due to comorbidities.(Fitzgibbons  etal,2006).

Sutured repair: 

    There are two basic types of incisional hernia repair: sutured or mesh repair. Sutured repairs can be subdivided into simple suture or component separation. Mesh repairs are discussed below. 
     Sutured repairs do have certain advantages: lack of a prosthetic, which might act as nidus of infection; lack of prosthetic material adjacent to the bowel, which can lead to adhesions or an enterocutaneous fistula; and ability to close some very small hernias with a simple suture repair without tension.
Simple suture repair:

    Simple suture repair is straightforward; the incision is opened, the hernia sac is dissected sharply from the surrounding tissue of the abdominal wall until fresh fascia is encountered circumferentially. Once the fascial edges have been freshened and debrided to viable tissue, they are sutured together using a mass suture technique with a large gauge suture (such as number one or number two polypropylene).

    While outcome studies unequivocally demonstrate that the hernia is more likely to recur with this procedure than with a mesh repair, it may still be considered the appropriate repair for small hernias (<2 to 3 cm in greatest diameter). It is important, for optimal healing, that sutures be placed approximately 1 cm from the fascial edge and 1 cm from the prior suture so that sutures are placed away from the lytic area. Sutures placed further from the edge and further from the previous stitch create a greater area of relative ischemia, and promote a "tighter" closure, which almost certainly increases postoperative pain, and may predispose to recurrence.(Ramirez  etal,1990).

Component separation:

     Component separation involves the division of portions of the anterior and posterior rectus sheaths to gain adequate fascial coverage of the incision .As in the simple sutured repair, the hernia sac is dissected from the surrounding tissues and the hernia contents are reduced into the abdomen.(De vries Reilingh  etal,2003).
    The abdominal wall is then undermined, the external oblique is exposed, and the fascia overlying this is divided, allowing the muscle to separate from the underlying internal oblique (figure 15).
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Figure(15).

Component separation involves the division of portions of the anterior and posterior rectus sheaths to gain adequate fascial coverage of the defect (A). The hernia sac is dissected from the surrounding tissues and the hernia contents are reduced into the abdomen (B). The abdominal wall is then undermined, the external oblique is exposed, and the oblique fascia is divided, allowing the external oblique muscle to separate from the underlying internal oblique (B). The posterior rectus sheath can also be incised (C). These maneuvers add lateral length to the abdominal wall, and will allow the fascial edges to be brought together without tension (D). Component separation allows advancement of the rectus abdominis muscle by as much as 20 cm. A larger defect can be bridged using this technique and mesh (E).

     This provides additional lateral length to the abdominal wall, and will allow adequate fascial edges to be brought together without tension and without prosthetic material. Component separation allows for advancement of the rectus abdominis muscle by as much as 10 cm from each side, thus facilitating closure of the midline without tension, and thereby increasing the intraperitoneal volume. A significant defect can frequently be bridged using this technique.

     The component separation technique avoids potential complications associated with the use of mesh, but studies have found that it does not have significant advantages over laparoscopic mesh techniques for ventral hernia repair. One study comparing the two techniques found that laparoscopic repairs were associated with a shorter length of stay, less ileus, and fewer wound complications than component separation .Further, the rate of recurrence strongly favored laparoscopic repairs (0 percent recurrence) compared to the component separation technique (7 percent).(Gonzalez R etal,2005).

Laparoscopic component separation:

     A technique for performing component separation laparoscopically has been developed. This technique still provides the possibility of bridging abdominal wall gaps of up to 10 cm. Like the open technique, the laparoscopic technique provides excellent abdominal wall function by maintaining musculofascial continuity across the trunk, rather than bridging a defect with mesh alone.
   The technique involves gaining access to the external oblique muscle laparoscopically and incising the aponeurosis of that muscle. This then provides sufficient length of tissue to reapproximate in the midline .(Rosen  etal,2007).

Mesh repair:

     Mesh repairs minimize the amount of tension that must be put on the abdominal wall in order to cover the hernia, and are generally considered preferable for incisional hernias. In a long-term retrospective study from Europe, the incidence of recurrence of incisional hernias after simple sutured repair was over 60 percent; the use of mesh decreased the recurrence rate to approximately 30 percent .Mesh repair is particularly important for incisional hernias with a diameter greater than 4 cm as the risk of recurrence is likely related to the tension placed on the repair in large hernias.(Burger  etal,2004).(Flum  etal,2003).(Luijendijk   etal,2000).

Types of mesh:

    The ideal mesh material is durable, easy to handle, impervious to infection, and relatively inexpensive (Bringman  etal,2010).
     The ideal mesh would offer strength and manipulability, would adhere to the abdominal wall but not to bowel to minimize adhesions, would not provoke an inflammatory response, and would resist infection. The complications that can occur with prosthetic mesh have prompted continuing investigation into different types of materials that provide strength, low rates of infection, nonadherence to abdominal viscera, and ease of handling. Current products balance some of these features, but none offers the perfect solution .(Schmidbauer  etal,2005).(Mathews  etal,2003).

There are two categories of mesh, synthetic and biologic.

· Synthetic meshes can be divided into two basic types: those that are woven from an extruded monofilament and those that contain some form of expanded polytetrafluoroethylene (ePTFE, Gore-Tex). Intraabdominal adhesive complications are considerably lower with ePTFE than woven monofilaments. However, the disadvantage of ePTFE grafts is their susceptibility to infection and the difficulty, if infected, of clearing the infection.

· Monofilament meshes have the disadvantage of causing significant adhesions to serosal surfaces and to other intraabdominal structures when placed in an intraperitoneal position. The vigorous tissue ingrowth and adherence caused by these meshes make them desirable as a musculofascial replacement. 

· The development of antiadhesive materials for the side of the mesh in contact with abdominal viscera allows the surgeon to place mesh in an intraperitoneal position with less concern for dense scar tissue forming between the mesh and bowel.

· A variety of biologic meshes are available for use in reconstruction of the abdominal wall for midline or other incisional hernias. Biologic meshes are derived from human, porcine, bovine, and equine tiss.ue The tissue is rendered nonimmunogenic by washing processes, which are designed to remove cellular debris without permanently damaging the connective tissue scaffold. The mesh functions as an acellular biologic matrix scaffold into which the recipient's native tissue grows, eventually replacing it and achieving host cellular connective tissue .(Bellows  ,etal,2006).

· The primary indication for biologic materials is in the contaminated or infected wound requiring closure, with insufficient native tissue to bridge the gap. The major problem with biologic meshes, however, is their gradual resorption and the ultimate development of a recurrent hernia or eventration. For this reason, biologic mesh should be used as reinforcement rather than as a fascial replacement to avoid hernia recurrence or eventration of the mesh .(Candage  etal,2008).(Chavarriaga etal,2010).

· Long-term data with these grafts for hernia repair in humans are limited .(Gray  etal,2008).

Mesh placement:

    The mesh can be placed above the fascia (onlay), below the fascia (sublay), or simply bridge the gap of the defect by suturing the mesh to the fascial edges:

· Onlay — In the onlay technique, the fascia is brought together and closed with sutures and a sheet of prosthetic material is placed over the repair. This technique is dependent on healing of the primary suture repair, and is only marginally better than simple sutured repair.

· Inlay — Inlay or primary bridging of the fascial defect is appealing because it should provide tension-free coverage of the defect. It is dependent on the ability of the mesh to be affixed securely to the fascial edges by means of either running or simple interrupted sutures. Inasmuch as the fascia did not heal at the original operation, there are logical concerns that it will do no better the second time around.
·  Additionally, because no effort is made to provide a taut closure of the abdomen, the patient may find that the hernia is technically repaired but that the abdomen is lax and does not provide adequate support for muscular activity. It is difficult to judge the appropriate tightness of an abdominal closure at surgery.

· Sublay — The sublay technique has lower recurrence rates compared to either the onlay or inlay mesh bridge. The technique involves dissection of the hernia sac down to the level of the anterior rectus sheath, excision of the sac, and then dissection between the posterior rectus sheath and rectus muscle (figure 16). This undermining dissection is carried laterally for the full extent of the rectus until the posterior sheath has been completely mobilized. It is then sutured to its opposing self and a large sheet of polypropylene mesh is placed between the posterior sheath and the rectus.
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Figure (16). This diagram demonstrates the repair of an abdominal hernia using the sublay technique.

    Sutures are passed through the entire abdominal wall and tied securely in the subcutaneous tissue above the anterior fascia. The overlying anterior fascia is then closed to either itself or the mesh, depending on the degree of tension encountered. This technique allows for a broad overlap of the defect and can be used in virtually all hernias .(Petersen  etal,2004).

Laparoscopic mesh repairs: 

     Laparoscopic repair most closely mirrors the sublay technique of open repair. A large piece of mesh with a minimum of 4 to 5 cm overlap over the hernia is secured with transfascial sutures and intraabdominally placed tacks.

    The basic technique of the laparoscopic ventral hernia repair (LVHR) is establishment of a pneumoperitoneum, placement of intraabdominal cannulas, lysis of adhesions, and reduction of the hernial contents. The hernia sac is then usually removed, though some surgeons leave it in place.
    The edges of the fascial defect are scored with electrocautery to freshen them and promote adherence of the mesh to this area. The defect is measured and a piece of mesh sized to cover the defect with a 4 to 5 cm overlap is then cut to shape. Sutures are placed in all four corners; the mesh is rolled and introduced into the abdomen. Minute incisions are made corresponding to the four corner stitches and a suture passer is introduced through these incisions; the suture ends are retrieved and tied loosely in a subcutaneous-transfascial position.
    The intraabdominal pressure should be decreased to make the abdominal wall more closely conform to its natural shape and allow a flat placement of the mesh. If the defect is sufficiently large, additional sutures are then placed every 3 to 4 cm to further secure the margins of the mesh to the anterior abdominal wall. Following suture placement, laparoscopic tacks are placed to affix the mesh to the abdominal wall. For larger pieces of mesh, more transfascial sutures should be placed in order to provide a more secure fixation to the abdominal wall. Typically, an outer row of tacks is placed approximately 1 cm from the edge, followed by an inner row, placed approximately 1 cm inside the outer row. This is referred to as the double-crown technique. Drains are not typically used, unless the defect is particularly large.
    In LVHR, the mesh will almost always be in contact with viscera, and it is therefore important that the mesh be treated so that it does not provoke a high degree of adhesion .(DeMaria  etal,2000).

    For smaller hernias (smaller than 3 to 4 cm in diameter), the defect can be obliterated by placing transfascial sutures through a small skin incision directly over the center of the defect. These sutures, usually no more than three or four, are placed with a pneumoperitoneum present. When all sutures have been placed, the pneumoperitoneum is released and the sutures are tied. The pneumoperitoneum is then re-establmmished, and a mesh sublay patch is placed and secured in the usual fashion. This technique achieves the excellent end result of a contiguous fascial closure  of the defect, reinforced by mesh.
Outcomes :

    The major complication from open, primary incisional hernia repair is recurrence. Rates of recurrence in this type of repair have approached 30 to 50 percent in some series.

    The risk of recurrence in incisional hernia repair with mesh is approximately 20 percent. Recurrence is usually secondary to the appearance of an additional, unrecognized hernia site, or an improperly placed prosthesis that pulls away from the fascia edge of the repair.

     Hematoma or seroma formation may occur in the cavity left behind following a hernia repair. For this reason, closed suction drains may be placed if a large amount of dead space remains following the repair. The drains should be managed judiciously, however; if placed in proximity to the prosthetic mesh, the chance of secondary infection is increased. Wound infection and infection of the mesh can be grave complications, often necessitating removal of the mesh and application of a tissue graft, such as Alloderm.
    Wound infection in open mesh repairs is thought to approximate 5 percent, and may be slightly lower for laparoscopic repairs .(Cobb  etal,2005).

     Perioperative antibiotics are typically used for both open and laparoscopic procedures, although a systematic review found insufficient evidence to determine the effectiveness of antibiotic prophylaxis in abdominal hernia surgery .(Aufenacker  etal,2006).

    The laparoscopic approach to incisional hernia repair shares the complications of laparoscopy in general, including the potential for port site herniation, vascular injury from trocar placement, and inadvertent bowel injury during laparoscopic adhesiolysis .(Burger  etal,2006).

    Several studies have shown that the laparoscopic approach is associated with a reduced incidence of hernia recurrence, in some series less than 10 percent .Seroma formation in the retained sac above the mesh may occur, but usually resolves spontaneously.(Heniford ,etal.2003).(Ujiki  etal.2004).
    Data are scarce in the comparison of open and laparoscopic mesh repairs for incisional hernia. Nonrandomized, retrospective studies have provided ample evidence that the laparoscopic approach is associated with fewer postoperative complications, a lower incidence of wound and mesh infections, a lower rate of recurrence in long-term follow-up, and shorter in-hospital stays .(Cassar  ,etal.2002).(Bingener ,etal.2007).
    This lower rate of mesh infections with laparoscopic technique may be related to the extensive tissue dissection required to place the mesh in the open procedure. One retrospective study of laparoscopic ventral hernia repair in obese patients (BMI >30, n = 163) found a low recurrence rate (5.5 percent with two-year follow-up), suggesting that laparoscopic repair be the procedure of choice for most obese patients .(Novitsky ,etal.2006).
    The only prospective, randomized study in the literature comparing open and laparoscopic ventral hernia repair demonstrated reduced rates of perioperative complications and hernia recurrence in the laparoscopic group in a total cohort of 60 patients .(Carbajo ,etal.1999).
    Larger scale, multicenter trials are currently underway to definitively evaluate the two approaches to incisional hernia repair .(Itani ,etal.2004).

Prevention:

     A variety of types of wound closure have been utilized to prevent the development of hernias; no single technique obviates the problem. The most popular form of closure is a single layer mass suture, which encompasses all layers of the abdominal wall except the skin. The suture material of choice is nonabsorbable .(Hodgson ,etal.2000).(Van't Riet ,etal 2002).
     Many surgeons feel that a monofilament, such as polypropylene, offers the greatest strength with the least chance of infection. Some surgeons use polydioxanone absorbable sutures, with a very long decay curve, to close standard laparotomy incisions.

     The impact of different types of nonabsorbable suture material on hernia formation has not been fully evaluated. The incidence of incisional hernia formation has not changed, despite the introduction of multiple suture products, suggesting that surgical technique is likely to be more important than surgical materials. Continuous suture technique, with a 4 to 1 ratio of suture length to incision length, offers the optimal combination of durability, speed, and reliability. 
UMBILICAL HERNIA: 
     An umbilical hernia is an opening in the linea alba, which develops when the umbilical scar fails to heal at birth (figure17). The incidence of umbilical hernia ranges from 10 to 30 percent and is more common in African American children than in Caucasians .(Meier ,etal.2001).
     Many umbilical hernias close in the first 12 to 18 months of life; repair is rarely recommended until a child is approximately three years old.(Ameh ,etal.2004).
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Figure(17).

A) Congenital umbilical hernia. B) Infantile umbilical hernia. C) Paraumbilical hernia. D) Epigastric hernia. E) Separation of recti abdominis.

Reproduced with permission from: Snell, RS. Clinical Anatomy By Regions, Eighth Edition. Copyright © 2008 Lippincott Williams & Wilkins.

Etiology:
     Umbilical hernias in adults are acquired, rather than congenital, and occur more commonly in females than in males with a 3 to 1 ratio. Umbilical hernias are associated with increased intraabdominal pressure due to obesity, abdominal distension, ascites, and pregnancy.
     The diagnosis of umbilical hernia is made when the patient presents with a soft protuberance at the umbilicus . The protuberance, or bulge, may be asymmetric, located slightly above, slightly below, or to one side or another. Umbilical hernias most often present incarcerated in men; females, particularly those close to their ideal body weight, are more likely to have easily reducible hernias. Typically, it is omentum or preperitoneal fat that incarcerates into the hernia.

     Tenderness can be elicited with pressure and palpation, but is often not present without provocation. Omental strangulation within a hernia will cause persistent pain, but there are unlikely to be significant complications. On the other hand, if a knuckle of bowel has incarcerated and become strangulated (Richter's hernia) the complications can carry significant morbidity.

     Certain hernias may be so small and asymptomatic that the patients may not be aware that a hernia is present. These hernias do not require repair and can be observed without the need for immediate intervention.

Repair:

     The treatment for symptomatic umbilical hernias is surgical, either as an open repair through a skin incision, or laparoscopic.

      In the open repair, a vertical or curvilinear incision is made over the hernia sac, and the dissection is carried down through the relatively scant tissue until the sac itself is identified. The sac is then dissected to its fascial attachments. Once the fascia has been cleared, the hernia sac is either inverted and the fascia closed with a sturdy nonabsorbable suture, or the hernia sac is excised and the fascia closed (figure18).
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Figure (18).

Repair of an umbilical hernia. A) Diagram of longitudinal section through the hernia. B) Subumbilical "smile" incision. The hernial sac is excised. C) Waistcoat type of closure.

Reproduced with permission from: Mulholland, MW, Lillemoe, KD. Greenfield's Surgery: Scientific Principles And Practice, Fourth Edition. Philadelphia: Lippincott Williams & Wilkins, 2006. 
    The procedure can be done under local anesthesia, monitored anesthesia care , or general anesthesia .(Kruzer ,etal.2004).
     If the defect is particularly large, and if the fascial edges will not come together without tension, mesh should be used. As in the incisional hernia, the mesh should be placed deep to the fascia in a sublay technique. A variety of preformed mesh plugs are available.

     In large defects that can only be closed with a significant degree of tension, a cone of polypropylene mesh can be fitted to fill the umbilical defect in place of a tissue repair. The mesh is then sutured circumferentially to the surrounding umbilical fascia to prevent migration. A variety of preformed mesh segments are available for this .(Halm ,etal.2005).
     For cosmetic reasons, efforts should be made to tack the skin of the umbilicus to the fascial repair in order to recreate the "innie" that many patients desire.
Ascites and umbilical hernias:

     When umbilical hernias exist in the setting of significant ascites, great care must be taken in the repair. Asymptomatic umbilical hernias can often be left alone, unless there is associated skin breakdown. If repair is undertaken, the surgeon must make every effort to control fluid loss and the subsequent enormous fluid and electrolyte alterations that may follow. Maintaining the integrity of the hernia sac may help control any fluid losses. 
PARASTOMAL HERNIA:

     Patients with a stoma (ileostomy, colostomy) are at risk for hernia formation due to violation of the abdominal wall to create the stoma. 
RICHTER'S HERNIA :

     A Richter's hernia is an abdominal hernia in which only part of the circumference of the bowel is entrapped in the hernia defect .                (Steinke ,etal.2000).
Etiology:

    A Richter's hernia can form where there is a hernia defect large enough for the bowel to enter, but small enough to prevent protrusion of an entire loop of bowel . (Steinke ,etal.2000).
    A tight, constricting hernia ring can lead to strangulation of the bowel, which can progress to ischemia and gangrene (figure 19).
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Figure (19).

Schematic diagram showing a Richter's hernia, in which the antimesenteric border, but not the whole wall, of the bowel is incarcerated.

Reproduced with permission from: Mulholland MW, Lillemoe KD. Greenfield's Surgery: Scientific Principles And Practice, Fourth Edition. Philadelphia: Lippincott Williams & Wilkins, 2006. Copyright © 2006 Lippincott Williams & Wilkins.
Presentation:

    The diagnosis of a Richter's hernia can be difficult .(Kadirov ,etal.1996).
     Patients present with symptoms of a partial small bowel obstruction, and may have local inflammation at the site of the hernia. The most common site is in the femoral canal, where it can be easily mistaken for an enlarged lymph node. These hernias can also develop at laparoscopic port sites. Enterocutaneous fistulas can be seen with delayed presentation.
Repair: 

      The appropriate repair for a Richter's hernia is dependent on the site of the hernia and whether the bowel is compromised. In general, resection of any compromised bowel will be necessary, along with repair of the hernia defect.
EPIGASTRIC HERNIA:
     Epigastric hernias are defects in the abdominal midline between the umbilicus and the xiphoid process (figure 4). The defects are similar to umbilical hernias, but considerably smaller, with defects that are often no more than 1 cm in diameter .(Lang ,etal.2002).

Etiology :

      Epigastric hernias are likely the result of multiple factors, including congenitally weakened linea alba from a lack of decussating midline fibers, increase in intraabdominal pressure, surrounding muscle weakness, or chronic abdominal wall strain. The frequency of epigastric hernia is estimated to range from 3 to 5 percent in the general population. It is most commonly diagnosed in middle age; congenital epigastric hernias are uncommon. The condition is more common in males by a ratio of 3 to 1. Twenty percent of epigastric hernias may be multiple.
Presentation :

     The hernias can be asymptomatic, but many times patients will note a small, slightly uncomfortable lump between the umbilicus and the xiphoid. These should be repaired when the patients complains of symptoms. Risk of bowel incarceration or strangulation is minimal, if at all.
Repair:

    Operative repair of the epigastric hernia can most often be performed as a day-surgery procedure under local anesthesia. General anesthesia should be reserved for the complicated patient, a very large hernia, or the pediatric population.

     Epigastric hernias that involve a peritoneal sac usually contain only omentum, and rarely small intestine. The hernia may be difficult to visualize on laparoscopy, due to the lack of peritoneal involvement through the hernia defect. The herniated contents are exposed through a small midline vertical or transverse incision. The defect in the linea alba and the surrounding fascia are cleared of subcutaneous fat. The hernia contents are either reduced or resected, and the defect is closed with buried, interrupted sutures.

     Frequently, the hernias are incarcerated and, because of the small size of the defect, they must be opened and enlarged to reduce the preperitoneal fat in the hernia sac.Recurrences are unusual.
SPIGELIAN HERNIA: 
     A Spigelian hernia occurs along the semilunar line, which is the caudal most extent of the posterior rectus sheath .(Skandalakis ,etal.2006).
     This anatomic location is weak because of the absence of a posterior sheath behind the rectus muscle. Spigelian hernia is well described, but relatively rare.
    Almost 1000 cases have been reported in the medical literature. It is likely that these hernias will become more frequently diagnosed, as they are readily seen on computed tomography scans as well as laparoscopic views of the anterior abdominal wall (figure 20).
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Figure(20)

Spigelian hernia. A) Usual site of occurrence. B) Transverse section of abdominal wall showing site of defect.

Reproduced with permission from: Mulholland, MW, Lillemoe, KD. Greenfield's Surgery: Scientific Principles And Practice, Fourth Edition. Philadelphia: Lippincott Williams & Wilkins, 2006. Copyright © 2006 Lippincott Williams & Wilkins.

Etiology :

     As the hernia develops, preperitoneal fat emerges through the defect in the Spigelian fascia, bringing an extension of the peritoneum with it through the fascia. The hernia is nevertheless covered by the intact external oblique aponeurosis. For this reason, almost all Spigelian hernias are interparietal in nature, and only rarely will the hernia sac lie in the subcutaneous tissues anterior to the external oblique fascia. The hernia cannot develop medially due to resistance from the intact rectus muscle and sheath.
     Therefore, a large Spigelian hernia is most often found lateral and inferior to its defect in the space directly posterior to the external oblique muscle.
Presentation :

     Accurate diagnosis of Spigelian hernias by physical examination is quite challenging. The patient most often presents with a swelling in the mid to lower abdomen, just lateral to the rectus muscle. The patient may complain of a sharp pain or tenderness at this site. The hernia is usually reducible in the supine position. The reducible mass may be palpable, even if it sits below the external oblique musculature.

     Ultrasound examination has been shown to be the most reliable and easiest method to assist in the diagnostic workup.(Mufid ,etal.1997). 

     Even if the hernia is fully reduced during examination and no mass is palpable, ultrasound evaluation can show a break in the echogenic shadow of the semilunar line associated with the fascial defect. Ultrasound can also identify the nonreduced hernia sac passing through the defect in the Spigelian fascia. Computed tomography scanning of the abdomen will also confirm the presence of a Spigelian .                       (Shenouda ,etal.1990).
      The anatomy of the Spigelian hernia should make it readily apparent on laparoscopic evaluation of the anterior abdominal wall .

Repair :

      Up to 20 percent of Spigelian hernias will present incarcerated; for this reason, operative repair is mandatory once the hernia is confirmed on diagnosis. Surgery is usually performed under general anesthesia, given the need for splitting of the external oblique muscle.
     A transverse incision is made directly over the palpable mass or fascial defect. A hernia in the subcutaneous space will reveal itself immediately; an interparietal hernia will require further dissection. The external oblique muscle is split to identify the sac posterior to the muscle. The sac is freed from its surrounding attachments until the neck is isolated, then opened, the intraabdominal contents reduced, and the sac either excised if sizable or simply inverted into the intraabdominal cavity. Suturing the medial and lateral edges of the internal oblique and transversus abdominis aponeuroses closes the fascial defect. This essentially approximates the internal oblique and transverses fascia laterally to the rectus sheath medially .(Larson ,etal.2002).
      Prosthetic mesh is not required for this repair, although the use of mesh plugs to close the hernia defect has been described.

      Laparoscopic repair has also been performed successfully, following previously described techniques for incisional hernia. A small, randomized trial demonstrated decreased morbidity and length of stay with laparoscopic repair .(Moreno-Egea ,etal.2002).
     Recurrence is uncommon and the operation is usually well tolerated.
DIASTASIS RECTI :
     Diastasis recti is an anatomic term describing an acquired condition in which the two rectus muscles are separated by an abnormal distance .(Ranney .1990).
    The linea alba is the narrow strip of fascia that defines the midline of the abdomen. The rectus muscles, which traverse from the xiphoid to the pubic symphysis, are normally fused at the linea alba with no more than 1 to 2 mm separating them.
     Therefore, a separation of the rectus muscles >2 mm, would be considered a diastasis recti . (figure 21).
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Figure(21).

Diastasis recti occurs when bowel protrudes through a separation between the two rectus abdominis muscles. It appears as a midline ridge. The bulge may appear only when client raises head or coughs. 
Reproduced with permission from: Weber J, Kelley J. Health Assessment in Nursing, Second Edition. Philadelphia: Lippincott Williams & Wilkins, 2003. Copyright © 2003 Lippincott Williams & Wilkins.

Etiology:

     The fascia becomes attenuated (akin to being stretched), most often due to body habitus or pregnancy. Diastasis recti does not represent an abdominal wall hernia; there is no fascial defect and, therefore, no risk of incarceration or strangulation.
      Patients with diastasis recti typically have one of two profiles: middle-aged and older men with central obesity, or small, fit women who have carried a large fetus or twins to term. For the overweight patient, gradual weight gain causes the rectus muscles to increasingly separate above the umbilicus.

      Diastasis recti can also be seen in infants, but as the infant grows and their rectus abdominis strengthens and hypertrophies, the diastasis recti disappears.
Diagnosis:

     Most typically, diastasis recti can be diagnosed based on a simple physical examination .(Ranney .1990).
     The patient starts in a supine position, and is asked to begin to sit up. When the patient raises his or her head, the increase in intraabdominal pressure as the two rectus muscles contract causes a diffuse fusiform bulge through the thin midline fascia, and a prominent ridge can be seen extending from the sternum to the umbilicus. When the abdominal muscles are used to assist in the sitting maneuver, profound protuberance is noted in the upper abdomen .

      Diastasis recti can be distinguished from incisional, congenital, or acquired midline hernias of the abdominal wall. While a true hernia is associated with a fascial defect, patients with diastasis recti have no detectable fascial defect when they are supine. Incisional hernias are found in the presence of an obvious surgical incision. Congenital or acquired midline hernias of the abdominal wall are confined to the umbilicus or the epigastrium. Epigastric hernias are generally ≤2 cm in diameter. No specific test or diagnostic examinations will confirm a diastasis recti, although in certain circumstances, cross-sectional imaging will demonstrate widening of the linea alba.
Treatment and repair :

         Weight loss should be encouraged, but often does not improve the situation. If significant weight loss is achieved and maintained, consideration can be given to an elective plication of the linea alba, but typically surgery is not indicated for overweight patients.

       Exercise programs can be used to help regain some degree of strength in the midline in the postpartum setting. Women interested in attempting to regain abdominal tone should seek assistance from a physical therapist who can develop an exercise program specifically to maximize efforts to regain abdominal tone. 
      For patients with diastasis recti as a result of pregnancy, elective plication is a reasonable option once normal prepregnancy weight is achieved, and if there are no plans for future pregnancies.

      The indications for repair of diastasis recti depend on the setting. The loss of abdominal musculature may impair the patient's ability to lift and care for her children because the splayed and weakened linea alba interferes with appropriate intraabdominal tone.
      For the young, healthy female who has lost considerable abdominal musculature secondary to multiple pregnancies, the repair of a diastasis recti provides improved pulmonary function, elimination of lower back pain, and an ability to perform the normal lifting and straining activities of daily living, including domestic and professional life.

     The plication procedure is typically performed in conjunction with a plastic surgeon, and involves a transverse suprapubic incision or an abdominoplasty incision .(Williams ,etal.2005).(Nahas ,etal.1997).
Repair is performed in one of two fashions:

· A standard abdominoplasty approach is performed by a plastic surgeon, excess skin is removed, and there is significant undermining of the entire anterior abdominal wall up to the xiphisternum . The umbilicus is moved at the discretion of the plastic surgeon, and the diastasis can be repaired by removing a strip of the widened linea alba and reapproximating the edges of the rectus muscles by running nonabsorbable sutures. .(Williams ,etal.2005).
· The rectus muscles can be simply plicated to each other, imbricating the excess and widened linea alba deep to the repair. It is best to fully define the medial aspect of the rectus muscle on each side with electrocautery to create a zone of injury that will enhance the healing of the sutures. A nonabsorbable suture will be used to reapproximate the recti.

     Heavy lifting (more than five pounds) is restricted for six weeks postoperatively.

SUMMARY AND RECOMMENDATIONS:
· Ventral hernias (defects in the abdominal wall) are classified as incisional, umbilical, epigastric, or Spigelian. (See 'Incisional hernia' above.)
· Incisional hernias can occur after any type of abdominal wall incision. These hernias will develop in approximately 10 to 15 percent of abdominal incisions, and in up to 23 percent of patients who develop postoperative wound infection. 
· Most incisional hernias should be repaired, due to risk of incarceration, unless they are very small (<1 cm), very large (>7 to 8 cm), or upper abdominal and asymptomatic. 
· Mesh repairs have a lower incidence of recurrence and are generally preferred for most incisional hernias. A sublay technique in which the mesh is placed deep to the fascia is preferred. The risk of recurrence and perioperative complications (including wound and mesh infections) may be lower with laparoscopic repair, compared with open repair

· Umbilical hernias are often congenital, and may close without surgery in children younger than three years old. Very small asymptomatic hernias do not require repair in adults. Surgery can be done under local or general anesthesia; mesh closure may be necessary for large defects. 
· A Richter's hernia is an abdominal hernia in which only part of the circumference of the bowel is entrapped in the hernia defect. A tight constricting ring can lead to strangulation of the bowel, which can progress to ischemia and gangrene. 
· Epigastric hernias, occurring between the umbilicus and xiphoid process, occur most commonly in middle age and carry a low risk for bowel incarceration. Surgery for symptomatic hernias generally can be done as a day procedure under local anesthesia.

· Spigelian hernias occur in the distal posterior rectus sheath and are difficult to diagnose by physical examination, but can be seen by ultrasound, CT scan, and laparoscopy. Patients can present with a mid- to lower-abdominal pain and swelling lateral to the rectus muscle. Surgery is indicated when the hernia is diagnosed because of risk for incarceration; it may be performed either open or by laparoscopy, and does require general anesthesia.

· Diastasis recti are not true hernias, but represent weakened abdominal fascia.
Patients and methods

Study population:

     The study involved a group of patients with ventral hernia presenting for management in a surgical section in kasr elainy medical school. Criteria of selection were paraumbilical herniae  involving the midline aponeurotic zone.Giant ventral hernia,epigastric herniae  as well as  incisional herniae involving the same zone were excluded.

    After clinical assessment, an informed consent to undergo a multi detector  CT imaging technique dedicated for study of some of the morphological criteria of the anterior abdominal wall was obtained.

   A matched group of volunteers was recruited  to act as a control group.
   The parameters of assessment in this study were:

1) Rectus Abdominus Muscle parameters:

a) Length of the  muscle segments at rest and during straining(in sagittal cuts)

b) Width of the muscle in the second ,third and fourth segments at rest and during straining ( in axial cuts).

c) Depth of the muscle in the same segments at rest and during straining(in axial cuts).

d) The distance between the xiphoid process and the third tendinous intersections (in sagittal cuts comparing both sides in the same person).

2) Midline aponeurotic  zone parameters: The distance in between the two recti  in the second , third and fourth  muscle segments at rest and during straining(in axial cuts).
3) Rectus Sheath Parameters: In an axial study the angle between the transverse axis of the rectus sheath and the horizontal plain at the Linea Semilunaris( junction of the sheath with the lateral muscle sheets).This angle will be refered to as the compliance rectus sheath angle. 

4) Abdominal contour parameters in the umbilical region: Distance between vertebral column and the umbilical cicatrix(AP axis)( measured in sagittal cuts), distance from the xiphoid to the level of the ASIS on the rectus sheath(craniocaudal  axis) (measured in sagittal cuts) as well as the width of both rectus sheaths(horizontal axis) (measured in axial cuts.
Multidetector computed tomography Technique:

    MDCT abdomen and pelvis was done for patient with clinically evident paraumbilical hernia . All MDCT examinations were performed with a 16-channel MDCT scanner (Aquilion 16 system;Toshiba medical systems corporation, Japan)  using the following parameters:

    Detector row configuration (16 x 0.5mm) collimation (0.5mm).slice thickness(0,5-3mm) ,pitch factor(0.828) ,reconstruction interval(1mm), rotation time (0.5 sec).
Patient preparation:
· Patients  were instructed to come to CT unit fasting.

· No bowel preparation was needed.

· No IV contrast was given.

Patient position:

All persons were examined as follows:
· Patient position: supine.

· Scot view: lower chest to below symphysis pubis.

.          
Examination was performed in resting followed by straining with breath hold.

Reformation of the axial, sagittal and coronal images was done and the following information was obtained:
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Abbreviations:

· U to v:umbilicus to vertebral column.

· Y 2nd:from xiphisternum to 2nd tendinious intersection.

· Y 3rd :from xiphisternum to 3rd  tendinious intersection
· Y    Sac:  from xiphisternum to sac.
.

Imaging evaluation:

    All image dataset was transferred to a 3D work station (vitrea , version 6.0) to create MDCT images by using MPR reconstruction technique axial ,coronal and sagittal reconstruction was performed. 

    All reconstructed images were reviewed by an experienced radiologist who was blinded to the final diagnosis.
Statistical analysis:

    Data were statistically described in terms of mean ( standard deviation (( SD), median and range.  Statistical analysis of the results was done using the Student T test for the study of the difference in numerical values of two parameters assuming equal variance if the numbers concerns one group of persons ; whereas we assumed unequal variance when the study compares two groups for one  numerical parameter. p values less than 0.05 was considered statistically significant
   The non parametric Kruskal Wallis technique was used for study the difference of numerical values in more than two groups.
   The coefficient of correlation was used to study the relation between two numerical related values  in the same selected group.
   All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) release 15 for Microsoft Windows (2006).
Results

Results

   The control group consisted of 36 male  volunteers (army recruits)with a mean age of  23.25+/-2.6872years   

  After clinical assessment which revealed the absence of abdominal hernial  defects,MDCT studies were done with the aim of morphological assessment of the anterior abdominal wall at rest and during straining. The results were tabulated and were studied to have an idea about the normal parameters before study of the cases with hernia involving the midline aponeurotic zone.

   There was a statistically significant correlation between the findings during straining and the corresponding findings during rest in controls.

   Studying the second segment of the rectus sheath revealed that during straining there is no statistically significant difference in length,width and the  thickness of the recti as well as the distance between the recti when compared to the resting state.(tables 1,2,3&10)

    Studying the third segment of the rectus sheath revealed that during straining there is a statistically significant difference in length and width of the muscle segment as well as the distance between the recti when compared to the resting state.(tables 4,5,6&10)

         Studying the fourth segment of the rectus sheath revealed that during straining there is a statistically significant difference in length , width and thickness of the muscle segment as well as the distance between the recti when compared to the resting state.(tables 7,8,9&10)

       There was a complete symmetry between the right and the left side when considering the relative site of the third tendinous intersection  in controls.
       Studying the angle  between the transverse axis of the rectus sheath and the horizontal plain at the junction of the sheath with the linea semilunaris revealed mean angle of  15.33+/-5.797on the right side and 17.42 +/-3.813 on the left side.Further more  there was a statistically significant increase of this angle on straining on both sides.(table 17)

      Studying the parameters concerning abdominal contour at the level of the umbilical cicatrix revealed at straining a statistically significant increase in anteroposterior (distance between the vertebral column and the umbilicus)and and horizontal  (width of the rectus sheath bilaterally)where as there is statistically significant decrease in craniocaudal , (distance from the xiphoid to the anterior superior iliac spine) planes when compared to the resting state.(tables 5,11,13and 14)

      The cases undergoing the study were 25 cases with paraumbilical hernia ,3 cases were males.

      Clinical assessment revealed 16 cases with concomitant diastasis  recti with a mean age41.5 +/-10.2567years.

  The rest of the patients with a PUH without diastasis (9patients) with a mean age of 36.6 +/-4.35 years.

      The results of the MDCT  were tabulated and were studied as two stages; the cases group perse and later comparison to the control group. 

   There was a statistically significant correlation between the findings during straining and the corresponding findings during rest in all parameters except the width of the rectus abdominus muscle in the third segment of the rectus sheath( P=0.688).

     Studying the second segment of the rectus sheath in the cases group revealed that during straining there is a statistically significant difference in  the  thickness of the recti as well as the distance between the recti when compared to the resting state.There was no statistically significant difference in length and width of the recti during straining(tables 1,2,3&10).

      Studying the third segment of the rectus sheath in the cases group revealed that during straining there is a statistically significant difference in  the distance between the recti when compared to the resting state. There was no statistically significant difference in length ,width and thickness of the recti during straining.(tables 4,5,6 &10).

      Studying the fourth segment of the rectus sheath in the cases group revealed that during straining there is a statistically significant difference in  the  thickness of the recti as well as the distance between the recti when compared to the resting state.There was no statistically significant difference in length and width of the recti during straining(tables 7,8,9&10).

  The site of the PUH  defect was invariably related to the third tendinous intersection site, with a sac deflected to one side of the midline; 16 to the right side and 9 to the left side .(Fig22 A,B ) (Tables 15 & 16) The third tendinous intersection is at a relatively higher position on the side of the hernia defect in the majority of cases(table 16).
           Studying the angle  between the transverse axis of the rectus sheath and the horizontal plane at the linea semilunaris revealed mean angle of 22.11+/-8.115 on the right side and 18.56+/-5.833 on the left side in patients with PUH without diastasis of the recti.Further more  there was a statistically significant increase of this angle on straining on both sides(table 17).figure(23A,B)

          Studying the angle  between the transverse axis of the rectus sheath and the horizontal plane at the linea semilunaris revealed mean angle of 25.06+/-11.126 on the right side and 24.12+/-9.172 on the left side in patients with PUH with diastasis  of the recti.Further more  there was a statistically significant increase of this angle on straining on both sides(table 17). figure(24A,B)
     Using non parametric statistical techniques(Kruskal-Wallis test) there was a statistically significant difference between controls and cases without diastasis, and those with diastasis in the compliance angle showing a stepwise  increase respectively both at rest and during straining on either side of the midline.(table 18) (25A,B)

      Studying the parameters concerning abdominal contour at the level of the umbilical cicatrix revealed at straining a statistically significant increase in anteroposterior (distance between the vertebral column and the umbilicus), and horizontal  (width of the rectus sheath bilaterally) planes only when compared to the resting state(.tables5,11,13)
    Comparing cases with PUH and controls at rest showed a decreased rectus muscle thickness in all segments in cases.Furthermore there is a wider distance between the two recti in the third and fourth rectus sheath segments in cases.Finally in the umbilical segment, there is a statistically significant increase in rectus muscle width,compliance angle and the AP diameter at rest when compared to the controls  (tables3,6,9,11,12,5,17,13)
      Comparing cases with PUH and controls during straining revealed the same patterns reported above with an additional finding of a wider distance between the recti in the second rectus sheath segment on straining in cases(this was not demonstrable at rest)(table 3).

Table( 1B) : Second segment muscle length
	
	Control
	Cases
	Significance

	Resting
	11.711+/-2.6319
	11.262+/-2.1613
	P=0.464

	Straining
	11.631+/-2.4333
	10.800+/-1.9045
	P=0.137

	Significance
	P=0.674
	P=0.109
	


Table 2 : Second segment muscle width.

	
	Control
	Cases
	Significance

	Resting
	8.242+/-1.2239
	7.885+/-1.2463
	P=0.267

	Straining
	8.175+/-1.0790
	8.031+/-0.98817
	P=0.586

	Significance
	P=0.570
	P=0.417
	


Table 3 : Second segment muscle thickness.

	
	Control
	Cases
	Significance

	Resting
	1.131+/-0.2887
	0.931+/-0.3030
	P=0.012**

	Straining
	1.179+/-0.2358
	1.046+/-0.2177
	P=0.026**

	Significance
	P=0.356
	P=0.009**
	


Table 4 : Third segment muscle length.

	
	Control
	Cases
	Significance

	Resting
	8.039+/-1.5710
	8.096+/-1.1152
	P=0.869

	Straining
	7.628+/-1.4766
	8.208+/-1.4878
	P=0.135



	Significance
	P=0.010**
	P=0.958
	


Table 5 : Third segment muscle  width.

	
	Control
	Cases
	Significance

	Resting
	6.908+/-1.2475
	8.508+/-1.0342
	P=0.000***

	Straining
	7.158+/-1.1352
	8.454+/-1.2163
	P=0.000***

	Significance
	P=0.002**
	P=0.737
	


Table 6 : Third segment muscle  thickness.

	
	Control
	Cases
	Significance

	Resting
	1.281+/-0.2887
	1.008+/-0.2544
	P=0.000***

	Straining
	1.297+/-0.3139
	1.015+/-0.2738
	P=0.000***

	Significance
	P=0.682
	P=0.856
	


Table 7 : Fourth segment muscle length.

	
	Control
	Cases
	Significance

	Resting
	14.411+/-3.9766
	14.531+/-3.3034
	P=0.898

	Straining
	13.603+/-3.8899
	13.969+/-3.2733
	P=0.689

	Significance
	P=0.0000***
	P=0.089
	


Table 8 : Fourth segment muscle width.

	
	Control
	Cases
	Significance

	Resting
	6.817+/-0.9859
	7.423+/-1.3501
	P=0.06

	Straining
	7.069+/-0.8947
	7.323+/-1.5678
	P=0.463

	Significance
	P=0.000**
	P=0.503
	


Table 9 : Fourth segment muscle thickness.

	
	Control
	Cases
	Significance

	Resting
	1.550+/-0.3019
	1.262+/-0.1941
	P=0.000***

	Straining
	1.651+/-0.2737
	1.485+/-0.3437
	P=0.047**



	Significance
	P=0.017**
	P=0.010**
	


Table 10 : Distance between recti in second segment.

	
	Control
	Cases
	Significance

	Resting
	0.749+/-0.5395
	0.892+/0.2279
	P=0.159

	Straining
	0.797+/-0.6894
	1.146+/-0.4843
	P=0.022**

	Significance
	P=0.441
	P=0.007***
	


Table 11: : Distance between recti in third segment.

	
	Control
	Cases
	Significance

	Resting
	2.822+/-2.0033
	4.892+/-1.8597
	P=0.000***

	Straining
	3.247+/-2.2695
	5.477+/-1.9346
	P=0.000***

	Significance
	P=0.003***
	P=0.003***
	


Table 12 : Distance between recti in fourth segment.

	
	Control
	Cases
	Significance

	Resting
	1.335+/-1.2194
	2.485+/-1.2085
	P=0.001***

	Straining
	1.489+/-1.4440
	2.923+/-2.0541
	P=0.004***

	Significance
	P=0.010**
	P=0.045**
	


Table 13 : Distance between the vertebral column and the umbilicus(the AP axis of the contour in the umbilical region).

	
	Control
	Cases
	Significance

	Resting
	8.239+/3.5462
	12.908+/-2.0197
	P=0.000***

	Straining
	10.281+/-4.0071
	15.992+/-2.5702
	P=0.000***

	Significance
	P=0.000***
	P=0.000***
	


Table 14 : Distance between the xiphoid process and the anterior superior iliac spine( the cranio-caudal axis of the contour in the umbilical region).

	
	Control
	Cases
	Significance

	Resting
	36.472+/-2.7895
	37.115+/-2.9445
	P=0.8443

	Straining
	35.556+/-2.7975
	37.883+/-8.2909
	P=1.2771

	Significance
	P=0.003***
	P=0.591
	


Table 15: Side of hernia and relation to relative distance of third intersection from the xiphoid process.

	Patient  number
	Side of hernia defect
	Rt  third intersection from xiphoid
	Lt third intersection from xiphoid

	4
	Lt
	9
	7.5

	7
	Lt
	19
	17

	8
	Lt
	19
	18

	12
	Lt
	16
	14

	16
	Lt
	21
	19

	17
	LT
	14
	13

	18
	Lt
	23
	21

	20
	Lt
	18.5
	18

	22
	Lt
	19.8
	17.5


Table 16: Side of hernia and relation to relative distance of third intersection from the xiphoid process.
	Patient number
	Side of hernia defect
	Rt  third intersection from xiphoid
	Lt third intersection from xiphoid

	1
	Rt
	15
	16

	2
	Rt
	12.5
	15

	3
	Rt
	14
	17

	5
	Rt
	16
	19

	6
	Rt
	16
	17

	9
	Rt
	11.5
	13

	10
	Rt
	15
	16

	11
	Rt
	14
	13

	13
	Rt
	12
	14

	15
	Rt
	15
	16

	19
	Rt
	19
	20

	21
	Rt
	15.5
	19

	23
	Rt
	18
	19

	24
	Rt
	10
	12

	25
	Rt
	14
	15

	26
	RT
	19
	20


Table17: Study of the Compliance angle

	
	Control Rt
	Control LT
	Case no div RT
	Case no div Lt
	Case div Rt
	Case div Lt

	Rest
	15.33+/-5.797
	17.42+/-3.813
	22.11+/-8.115
	18.56+/-5.833
	25.06+/-11.126
	24.12+/-9.172

	Straining
	21.56+/-5.714
	22.17+/-4.417
	30.33+/-8.718
	29.78+/-6.924
	35.62+/-11.809
	34.56+/-10.776

	Significant
	P=0.000**
	P=0.000**
	P=0.13*
	P=0.000**
	P=0.000*
	P=0.000*


Table 18:  Kruskal Wallis test for the compliance angle in the three groups(controls, PUH with no diastasis and PUH with diastasis).

	
	Resting RT
	Resting Lt
	Straining Rt
	Straining LT

	Chi-square
	12.538
	7.948
	20.831
	21.239

	Df
	2
	2
	2
	2

	P value
	0.002***
	0.019***
	0.000***
	0.000***


Table 19: Comparing the Rt & Lt compliance angles in controls.

	
	Control Rt
	Control LT
	significant

	Rest
	15.33+/-5.797
	17.42+/-3.813
	P=0.001**

	Straining
	21.56+/-5.714
	22.17+/-4.417
	P=0.289

	Significant
	P=0.000**
	P=0.000**
	


Table 20:   Comparing the Rt & Lt compliance angles in cases with no diastasis of recti.

	
	Case no div RT
	Case no div Lt
	Significance

	Rest
	22.11+/-8.115
	18.56+/-5.833
	0.048*

	Straining
	30.33+/-8.718
	29.78+/-6.924
	0.688

	Significant
	P=0.13*
	P=0.000**
	


Table 21:  Comparing the Rt & Lt compliance angle in patients with diastasis of recti.

	
	Case div Rt
	Case div Lt
	Significance

	Rest
	25.06+/-11.126
	24.12+/-9.172
	P=0.634

	Straining
	35.62+/-11.809
	34.56+/-10.776
	P=0.393

	Significance
	P=0.000*
	P=0.000*
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Discussion

Discussion
   Containing most of the abdominal viscera, the abdominal wall forms a flexible and deformable girth that extends over the bony framework of the lumbar  spine posteriorly, the pelvis inferiorly, and the costal margin superiorly.(Scott and Randon 2013).The anterolateral wall of the abdomen forms an anterior 75% of the perimeter of a cylinder (fig26   ).
     The abdominal wall,moving to and fro with breathing,conforms to the volume of the abdominal contents.Its shape is determined by the tonus of its own muscles.The subumbilical pull of healthy flank muscles  keeps its lower part flat by holding back the lower recti.(Last 1984).

        Although the abdominal wall is continuous, it is subdivided into the anterior wall,right and left lateral walls(flanks) and the posterior wall for descriptive purposes.

    The wall is musculoaponeurotic,except for the posterior wall,which includes the lumbar vertebral column. Because the boundary between the anterior and lateral  walls is indefinite, the term anterolateral  abdominal wall is often used.Some structures, such as the muscles and cutaneous nerves,are in both the anterior and lateral walls. The anterolateral abdominal wall extends from the thoracic cage to the pelvis.(Moore and Dalley2006). The compliance angle descibed in the present work lies at the junction of the anterior and lateral walls at the linea semilunaris.

    The posterolateral abdominal wall is defined as the area bounded superiorly by the twelfth rib, inferiorly by the iliac crest and laterally by a vertical line starting from the anterior superior iliac spine and travelling upwards. Eight muscles  arrayed in three layers constitute the posterolateral or lumbar portion of the abdominal wall:

a) Superficial layer: external oblique muscle  and latissmus dorsi.

b) Middle layer: Erector spinae(sacrospinalismuscle), Serratus posterior inferior,and internal oblique.

c) Deep layer:  Psoas major,Quadratus lumborum,and transverses abdominis.(Scott and Randon 2013).
      The rectus abdominus forms a central and anchoring muscle mass  of the anterior abdomen.(Scott and Randon 2013).

         Although the anterior abdominal wall is composed of symmetrical halves,right and left, these halves function together in a coordinated and synergistic manner . The individual  muscles cannot work separately and independently. The upper part of the anterior abdominal wall is the actively mobile  respiratory zone, where the rectus sheath –the anterolateral flank muscles and the rectus muscle through its tendinous attachments to the rectus sheath-functions collectively as an accessory respiratory muscle. The lower part has no tendinous intersections and is a relatively fixed lower belly support zone.This anatomical and physiological configuration has been demonstrated using a transillumination silhouttte technique by Askar almost40 years ago (Ascar 1977)(Mahadevan2013). The umbilical segment stands between the upper continuously mobile respiratory area and the stronger belly support area with its phasic contraction , It acts as a buffer zone that accommodate for the active or passive increase of intraabdominal pressure or volume by controlled modification of its contour predisposing it to stress and herniation if a structural weakness develops. 

     The muscles of the anterior abdominal wall play four main roles: 1) to move the trunk, 2) to depress the ribs(expiration),3) to compress the abdomen (evacuation ,expiration, heavy lifting 4) to support the viscera (intestines only)(Last1984). 

     The anterolateral abdominal muscles are involved in movements of the trunk at the lumbar vertebrae and in controlling the tilt of the pelvis when standing for maintenance of posture(resisting lumbar lordosis).Consequently strengthening the anterolateral abdominal wall musculature improves standing and sitting posture. The rectus abdominis is a powerful flexor of the thoracic region and especially of the lumbar region of the vertebral column, pulling the anterior costal margin and pubic crest toward each other. The oblique abdominal muscles also assist in movements of the trunk,especially lateral flexion and rotation of  the lumbar and lower thoracic vertebral column.the transverse abdominal muscle probably has no appreciable effect on the vertebral column( Williams et al 1995).

           Last (1984) stated that it is impossible to have objective proof of the primary action of most muscles; ‘common sense ‘is the final arbiter.The available methods of study were;in cadavers,observations in the living,stimulations in the living, speculations on the mechanics of the muscle and related joints,and finally comparative anatomy .

       Cadaveric studies, through observing the effect of pulling the muscle or its tendon is not always possible(e.g. in flat sheets of muscle like the levator ani and anterolateral abdominal wall muscles ). Furthermore it is usually unconvincing because the normal opponents and synergists are out of action(Last1984).

        A muscle may be seen or felt in contraction in the living model.This method covers only a limited field,for many muscles are not palpable. Another instance is observation of prolonged  pain after excessive use contraction of the muscle.It is sometimes instructive to notice what movements are painful in these circumstances(e.g. tibialis anterior after excessive walking,latissimus dorsi after excessive coughing,abdominal wall after excessive tennis,etc). Furthermore the effects of paralysis may give clues. In many cases  failure  results from the appearance of ‘trick movements’ produced by other muscles not formerly used in the movement being studied(Last1984).

      Electromyography is more popular  than its reliability warrants.From surface electrodes and even from intramuscular electrodes spread of current from nearby muscles cannot be ruled out. Nor can the machine distinguish between primary and synergic contraction(Last1984).

    Common sense study of the mechanics involved is usually simple across hinge joints(e.g. brachialis flexes the elbow joint), but it is difficult when the muscle pulls obliquely across universal joints(e.g. iliopsoas across the hip joint). Common –sense reasoning may be fallacious because relevant mechanical factors have been overlooked (e.g.shape of articulating surface, direction of the ligaments,axis of movement, effect of synergists and opponents). (Last1984).

      Last  added that assessment os similar muscles in other animals will often throw light on the action of the muscle in man(Last 1984).

           The advent of modern imaging techniques with high resolution may give an insight to the morphology of the muscle during rest comparing it to corresponding findings at contraction; This dynamic study maybe indirect through implementing the static imaging of the MSCT or real time dynamic study by MRI. The MSCT was preferred in this study to avoid claustrophobia in patients and volunteering controls during MRI studies.

        The hypothesis is that these  imaging studies through morphological data can give clues about muscle actions and associated musculoaponeurotic details in health and disease.

             A paraumbilical hernia protrudes through the midline aponeurotic zone of the anterior abdominal wall. The detailed and critical  reexamination of the functional anatomy  of the rectus sheath  and its contents are crucial not only to the understanding of the development of this hernia but also to the rational and optimal surgical management of the condition. (Mahadevan  2013).

             The reason for studying   the length of the muscle segment are several: 1)At rest(end of inspiration) it acts as a base line measurement of the craniocaudal extension  of the muscle, basal tone in antigravity muscle may also contribute  2) at straining a decrease occurs in cases of isotonic contraction , whereas in cases of isometric contraction no statistically significant change in length is recorded, however in both conditions  the change in length or tone should reflect on the corresponding width and thickness of the muscle in harmony with the geographic anatomical allowences.

      The reason for studying the width of the rectus muscle segments were: 1) At rest(end of inspiration) it may reflect the tone in the anterior fibers attached to the anterior rectus sheath and midline aponeurotic zone(keeping shape and contour)  ,2) at straining the width should increase in response to the type of phasic contraction(decrease in length or increase in tone).

     The reason for  studying  of thickness of the rectus muscle segments were: 1) At rest( end of expiration) it may reflect the tone in the posterior fibres attaching the pelvis and costal margins(stabilizing the costal margin and vertebral column over the anterior half of the pelvis in erect posture)   2)  at straining the thickness should increase in response to the type of phasic contraction(decrease in length or increase in tone).

    Value of study of the distance between the two recti: This reflects the length of the multiple digastrics tendons of the flank muscles(6pairs)(1)Superficial external oblique to the contralateral side 2and3)the deep external oblique to the superficial contralateral internal oblique 4 and 5) posterior lamina of internal oblique and downturned aponeurotic fibres of the contralateral transversus abdominus 6) the upturned aponeurotic fibres of the transversus abdominus to the contralateral side.1)  At rest(end of inspiration) it is the result of interaction of reflex change of tone of flank and rectus muscle with its second and third tendinous intersection as well as  tendon fabric elasticity of the respiratory and umbilical  areas to accommodate for the visceral thrust against the anterior upper abdominal  wall in response to diaphragmatic descent during inspiration. 2) During straining this distance is affected by phasic contraction of the flank as well as the rectus abdominus muscles in the three studied areas.The medial attachment of the tendinous intersection resists over stretch of the area.

    Value of study of the Anteroposterior axis , craniocaudal axis and the compliance rectus sheath angle is to study the contour of the umbilical area responsible for accommodation of increased abdominal volume or pressure in normal and in cases with PUH.  

         1) At rest maintained lumbar lordosis through the tonic action of posterior fibres of the  recti bilaterally affects the anteroposterior and the craniocaudal axes mainly.The tone of the flank muscles is bound to affect the three axes to a lesser extent. The tone of the third muscle segment is the main factor modifying the compliance angle. 2) At straining the flank muscles through phasic contaction tend to enucleate the organs through the umbilical segment stretching all axes whereas the  segments forming the third rectus abdominus tendinous intersection resist that tendency.

  The relation between the side of hernial defect and third tendinous intersection asymmetry give clues to the role of tendinous fibre rupture in the aetiology of PUH.

 Though there is bias in control gender choice but the main aim of the study was to have an idea of the normal in a perfectly healthy person as army recruits more than gender or age comparison.Cases with PUH should represent deviation from the normal base line of the volunteer army recruits apart from the gender or age difference. 

   Apart from the original plan to study ventral hernia , after a pilot study it seemed more appropriate to study small and moderate size PUH  to decrease the interfering variables as different pathology(epigastric  hernia), Iatrogenic pathological anatomy in incisional hernia, effects of loss of domain and lateral abdominal wall displacements in giant paraumbilical herniae.

     Study of the controls at rest revealed in the third rectus sheath segment  a demonstrable rectus sheath compliance angle with a small but statistically significant difference between the two sides at the end of inspiration. The explanation maybe the unsymmetrical thrust of the loops of small intestine against this segment when the diaphragm descends during inspiration. The angle accommodates for this non symmetric thrust ( The kettle lid-release phenomenon).

     Study of controls during straining revealed a statistically significant decrease in length of the third and fourth muscle segments i.e isotonic phasic muscle contraction with a probably consequent statistically significant  increase in width in the same segments.  The demonstrable increase in rectus muscle thickness was present in the fourth segment only due to the absence of a strong resisting posterior rectus sheath in this segment.

     There was no statistically significant change in length ,width and thickness of the rectus abdominus in the second rectus sheath segment on straining in controls. This finding  may imply the absence of active participation of this muscle segment during straining.

     There was a statistically significant increase in the distance between the two recti in the third and fourth segments implying the active participation by isotonic phasic contraction of the flank muscles in controls on straining.

     There was a statistically significant change  in all contour parameters in the umbilical region in controls on straining to accommodate  for the stronger impact of the small intestine  against the anterior abdominal wall(when compared to the condition at end of inspiration) .there is an increase in the AP

and the horizontal(transverse) axes but a decrease in the cranio-caudal axis(due to shortening of the third and fourth muscle segment parachute like protective action against the lid release phenomenon in the other two directions). Recapitulating; the flank muscles and the fourth segment increase intraabdominal pressure while the third segment and related intersection resist enucleation of abdominal contents following the kettle lid release phenomenon(by isotonic phasic contraction in heavy weight lifting and reflexive contraction in coughing,sneezing, micturition ,defaecation and second stage of parturition).

      Comparing cases to controls during rest(end of inspiration); there is a statistically significant decrease in rectus abdominus muscle thickness althrough the three segments. Additionally there is a statistically significant increase in width of the rectus abdominus muscle in the third segment only.Furthermore there is a statistically significant increase  in the distance between the two recti in the third and fourth segments only. As regards girth measurments at the umbilical region there is a statistically significant increase in the AP axis,and the compliance angles only.There is no statistically significant difference in cranio-caudal axis during rest as there were no statistically significant difference in length of the three segments at rest(or even at straining).

     These changes were recorded again when comparing cases to controls at straining. However an additional new finding was a statistically significant increase in distance between the two recti in the second segment on straining in cases only.That is there is an increase in the distance between the two recti in all segments on straining in cases only.

    The general  consensus regarding the development of a paraumbilical hernia is the weakening of the fabric of the midline aponeurotic zone by prolonged stretch( continuous as ascites or temporary as repeated pregnancy). The turn-key event for herniation  is tearing of the medial attachment of the third tendinous intersection to the midline aponeurotic zone according to Askar’s explanations(1978).

     The present work proved the intimate relation of the PUH defect to the third tendinous intersection . The circumstantial evidence of this derangement is the evident upward displacement of the third tendinous intersection on the side of the hernia defect;  the release of medial attachment of the muscle with the normally observed curved configuration in the cranio-caudal and transverse planes through the baw-release phenomenon leads to the displacement of  the rectus abdominus cranially and radially respectively.

    The tear in the fabric of the midline aponeurotic zone to one side of midline around the obliterated umbilical ring and the associated radial deflection of the third and fourth rectus muscle segments encourage the introduction of contents into the acquired sac on further episodic increase in intraabdominal pressure.

    The hernia defect disrupts locally the digastric  tendons harmonizing flank muscle contractions on both sides. This disinsertion leads to passive widening of the distance between the two recti .This contrasts with what is observed in  controls when  the corresponding distance widens to a lesser extent  due to active shortening of muscle fibers on both sides during straining(in analogy to the central tendon of the diaphragm). The intact tendinous intersection in controls act as a pulley on the central tendons of the digastric arrangement of the muscles preferentially drawing  these central tendons towards the lumbar vertebrae posteriorly. Thus the disrupted tendinous intersection leads to the development of an anterior bulge when  flank muscles contract during straining increasing the anteroposterior axis of the umbilical segment and facilitating enucleation of the small intestinal loops through the hernia defect rather than normally retaining them in controls.

     The longer term effect of muscle disinsertion is atrophy of the retracted muscle bellies due to lack of stimulation by the direct or indirectly functionally related muscles.These muscles are the flank muscles as well as the partially detached rectus abdominus muscle. The atrophy of the flank muscles leads to the gradual widening of the hernial defect as well as posing difficulties in repair of these atrophic muscles that could not withhold sutures. Atrophy of the rectus abdominus   could be morphologically proved by decreased muscle thickness in all segments.The ensuing reduced tone  leads to exaggerated lumbar lordosis, back pain and more anteroposterior bulge in the umbilical area. 

     The medial tearing of the third tendinous intersection with the radial displacement of the rectus muscle at rest puts tension on the attached tendinous fibres to the anterior rectus sheath which did not show a corresponding radial sagging , this would result in a passive increase in width of the third rectus muscle segment at end of inspiration.

     In controls on straining there is a statistically significant decrease in length and a corresponding increase in width  in the third rectal segment ; this was not observed in cases because the vector force of muscle contraction is used in radial deflection of the muscle along the horizontal perimeter of the umbilical region rather than isometric contraction in cranio-caudal direction due to lack of medial fixation.Due to the aforementioned  noneffective  cranio-caudal muscle contraction the changes in muscle width in the third segment does not correlate with width  findings at rest.

     The increased rectus muscle radial deflection on straining in cases have several effects: 1) ineffective normally observed shortening in the third and fourth segment which impedes the protective contraction of the third segment preventing enucleation of viscera through the umbilical region. 2) it increases the rectus sheath compliance angle that creates even more strains on the partially torn midline aponeurotic zone. This is bound to increase the transverse axis of the umbilical area straining it even more.

      Contrary to the controls the decrease in the cranio-caudal axis and its protective role is not recorded in the cases because there is no recorded decrease in cranio-caudal length on straining in cases.

      The radial deflection of the rectus abdominus is bound to contribute to the observed increase in the distance between the two recti in the second respiratory segment in cases on straining only which paves the way to the eventual development of diastasis recti in this segment .

       The compliance angle as it increases predisposes to diastasis recti  in the third segment.Furthermore,its mere description refutes the hypothesis of sagitilization of the rectus abdominus promoting enucleation of abdominal contents; actually the muscles moves away from the abdominal cavity these cases. 

    Fortunately the radial deflection of the rectus abdominus interferes with the effective isotonic contraction of the fourth muscle segments which contribute to an increase in intraabdominal pressure promoting enucleation of abdominal contents in presence of a hernial defect.Maintaining a high intraabdominal pressure is a function of the flank muscles which are partially disorganized by the resultant disinsertion with the development of the tear in the midline aponeurotic fabric.

    Thus in cases there is an impaired capacity to increase and maintain  that increase in intra abdominal pressure  due to the early effect of muscle disinsertion perse and later muscle atrophy that leads to diastasis recti, widening of the defects and umbilical contour distorsion.

     The impaired capacity to increase and maintain that increase in intra abdominal pressure leads to decreased voluntary ability to use the limbs and head strongly against a fixed torso in daily as well as sport activities.Furthermore there is decreased  contribution of the abdomen musculoaponeurotic apparatus in activities such as evacuating abdominal or airway contents in modulated torso reflexive activities(coughing,sneezing,vomiting, micturition ,defaecation and parturition)..
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    The increase in intraabdominal pressure is an accepted normal physiological  activity in presence of a normal abdominal musculoaponeurotic apparatus. If this apparatus is weakened by prolonged stretch or weakened by smoking or other genetic factors , a tear might occur usually with a non-coordinated activity involving an increase in intraabdominal pressure  with development of a hernia.So it is not the range of increase or the frequency of increase but the non-integration of the protective mechanisms that lead to hernia development. If the hernia develops there is a consequent impaired ability to increase or maintain that increase in intraabdominal pressure i.e the cycle of precipitation is interrupted but the cycle of initiation through further weakening of the fabric by the resultant muscle disinsertion consequent to hernia defect development continues.

         In view of the findings of this study  the early control of the hernial defect and rectus muscle radial deviation before the onset of atrophy in the anterolateral muscles  is of crucial significance for the successful management of paraumbilical hernia. 
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الملخص العربي
يعد فتق جدار البطن وخصوصا الفتق الجار سرى أشهر أنواع الفتق وتهدف هذه الرساله لمعرفه التغيرات الديناميكيه التى تحدث للمريض مقارنه بالشخص السليم                                                        
وتشمل هذه الرسالة 25 مريض و36 شخص سليم ويتم قياس سمك وعرض وزوايا عضلات جدار البطن وبعد التقاطع الوتري عن عظمه القص ومقارنة النتائج إحصائيا بين المرضى و الأشخاص الطبيعيين فى وضع الاسترخاء ووضع المجهود .

ووجد أن مكان فتق الجار سرى له علاقة بالتقاطع الوتري الثالث لعضله البطن المستقيمة وكيس الفتق يأخذ احد الاتجاهات ويمين او شمال والتقاطع الوتري يكون أعلى فى ناحية الفتق مقارنة الناحية الأخرى.
وبمقارنة الفتق الجار سرى للمرضى والأشخاص  الأصحاء فى وضع  الاسترخاء وجد أن: 

سمك عضلة البطن المستقيمة يقل فى كل المقاطع للعضلة فى المرضى ويزداد البعد بين العضلتين وخصوصا فى القطعة الثالثة والرابعة فى المرضى وخلاصه القول أن القطعة الثالثة تزداد فى زاوية الامتثال وعرضها والقطر الامامى الخلفي
اما بالنسبة لوضع المجهود ق فوجد نفس النتائج السابقة مع زيادة البعد بين القطعة الثانية
كان هناك فروق ذات دلالة إحصائية بين الضوابط و الحالات دون ترهل ، والذين يعانون من ترهل في زاوية الامتثال يظهر زيادة تدريجية على التوالي سواء في الراحة وأثناء المجهود ق على جانبي خط الوسط.

ويحدث الفتق نتيجة ضعف خط الوسط ويحفظ ذلك زيادة ضغط البطن وتميل عضله البطن المستقيمة الى جهة ما مما يفقد جدار البطن التناغم فى الحركة 
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استخدام الاشعة المقطعية للكشف عن حركة جدار البطن أثناء الراحة و المجهود فى الشخص السليم ومريض فتق جدارالبطن.
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