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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 forty patients twenty patients randomly selected to repair by modified prolene mesh plug and other twenty patients repaired by onlay mesh, by using of multislice CT scan to study dynamics of the abdominal wall during rest and straining in both groups pre and post-operative.

    
The current study sum up both operations through impeeding gliding in the split rectus sheath.
The mesh plug technique has a theoretical advantage of less tension in the umbilical area. The undisputed advantage of this technique is the better postoperative contraction of the lateral muscles in these patients back to the normal patterns observed in controls. 

Key words:
    Abdominal wall dynamics – Paraumbilical hernias - prolene mesh plug repair – onlay mesh repair.

Introduction and aim of the work

Introduction

 
Umbilical hernia is a rather common surgical problem. Approximately 10% of all primary hernias comprise umbilical and epigastric hernias (klinge   etal, 1997).
 
Approximately 175,000 umbilical hernia repairs are annually performed in the US (Rutkow 1998).
 
It has been reported that the share of umbilical and paraumbilical hernia repairs among all repairs for abdominal wall hernias increased from 5% to 14% in UK (Dabbas et al, 2001).
 A similar rise has been reported in a recent multicenter study from Turkey (Seker et al, 2014).

In general, umbilical hernias are more common in women than men; however, there are series in which male patients are more frequent (Kulacoglu et al, 2012).
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 et al, 1997). 
    
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).
   
Umbilical hernias are the most common type of midline fascial defect and occur at the umbilicus .it can be infantile or adult (Snyder 2007).

    
Multidetector computer tomography scan (MDCT) can help in dynamic morphological assessment of abdominal wall musculature during respiration and during active contraction of rectus abdominus muscle. 
Hypothesis:

    
 Prolene mesh plug repair for paraumbilical hernia more physiological than onlay mesh repair. 
Aim of the work:

    
This study aims at comparing the biometric changes in anterior abdominal wall morphology after different modalities of mesh hernioplasty(prolene mesh plug repair verses onlay mesh repair) for 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, 1996).
    
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, and 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 2008).

VASCULATURE: 

    
 The blood supply of the abdominal wall is comprised of superficial and deep vascular supplies (figure 4) (Rozen et al, 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 et al, 2008).
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Figure (4).

Blood vessels of the anterior abdominal wall.

(Rozen et al, 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 et al, 2008).
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Figure(5).

Sagittal view of the layers of the abdominal wall.

(Rozen et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 ( pectoral) lymph nodes, and to a lesser extent, to the internal mammary chain (figure 6). (Krupski et al, 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 et al, 1984).
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Figure (6).

Lymphatic system.
(Krupski et al, 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 et al, 1994).
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Figure(7).

Nerves of the abdominal wall.

(Gardner et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 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 et al, 2003).
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Figure (8B).

Nerves of the anterior chest and abdomen.

(Whiteside et al, 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 anterior abdominal wall

The torso goes in a state of straining for two main reasons;
1) To allow evacuation of contents of organs in either cavities by a process of sudden release of the closed glottis and simultaneous release of related sphincters (e.g. sneezing, coughing, vomiting, micturition, defaecation, parturition)

2) The fixed, high pressure torso acts as a fixed platform for the forceful movements of the limbs and head regions (fights and sport activity).
 
Static CT measurements provide anatomical details at the moment of study; however estimating the statistically significant changes in these same parameters during straining may provide insight at the physiologic or pathologic changes induced by the diseases in the studied structures at straining.
The abdominal cavity has a roof, posterior wall, open floor communicating to the pelvic cavity and anterolateral wall. Perhaps the anterolateral wall is the most forgiving boundary to allow accomodation of increased content+/- pressure  within the cavity.
During normal respiration there is a synchronized reciprocal relation between the movements of the roof(two Copulae and central tendon ) and the respiratory zone of the rectus sheath. Whereas during straining there is physiologically synchronized simultaneous (non-reciprocal) contraction of the roof, anterolateral muscles as a whole and the pelvic diaphragm.
 
The split rectus sheath deserve special consideration.  We have three Components: the three layered anterior rectus sheath, the three layered posterior rectus sheath,  the rectus muscle segments with the second and third tendinous intersections.It is worthy to appreciate that the anterior and posterior rectus sheaths have different origins and courses and they never intersect;  thus the space between the two recti is opened to allow for the rocking movements of the rectus segments in the transverse direction at the fulcrum formed by the medial attachment of the second and third tendinous intersection to the posterior rectus sheath (Point attchment not a linear one.)
  
The linear attachment of the tendinous intersection to the anterior rectus sheath obliquely disposed fibres prevents the tendency to forward anterior displacement on oblique muscle contraction by a backward restraining pully the simultaneously contracting rectus muscle with intact medial and anterior attachments .
    
The anterior rectus sheath is obliquely disposed whereas the posterior rectus sheath is transversely disposed. 
   
The unsplit rectus sheath is just aponeurotic fibres covering the anterior surface of the first rectus segment as it travels over the costal cartilages (muscle is sandwiched) ,and the caudal part of the fourth rectus muscle segment below the arcuate line with strong pubic attachment covered by the three layers of the anterolateral muscles on its anterior aspects.
Philosophically the split rectus sheath is comparable to the central tendon of the diaphragm with its sternal and vertebral attachments (crural attachment) these attachments act as guy ropes preventing the parachooting of the structures during the phases of contraction and passive relaxation.
Proceeding in dissection of the split rectus sheath we can find the following from superficial to deep; 
1) The skin and superficial fascia is tightly attached in the midline in the supra-umbilical region by X-shaped attachment which represent the crossed insertion of the superficial stratum of the external oblique muscle into the overlying skin. The detachment of these attachment offers the greatest resistance during dissection of the supra- umbilical flap in dermolipectomy procedures. In contrast the infraumbilical skin is not attached at the midline.The accumulation of fat in the superficial fascia of this region leads to a gravitational strain (in Homo-sapiens) imposed on the upper midline fabric leading to its stretch through the skin continuity in the region. Elimination of this fat apron during paraumbilical hernia repair is an important factor in prevention of recurrence.

2) The split rectus sheath itself is divided into three segments:

                                   A) A midline relatively narrow lozenge shaped area consisting of  i)an anterior rectus sheath oblique fibres representing the digastric  tendons of insertion of the right external oblique and the left internal oblique intersecting in the midline with the digastric tendon of insertion of the left external oblique and right internal oblique.The superficial stratum of the external oblique aponeurosis decussates with the same stratum of the other side and gain attachment to the supraumbilical skin in the midline(vide supra).
 ii) A potential empty space in between the anterior and posterior rectus sheaths. iii)A posterior rectus sheath transversely oriented fibres  representing the digastric tendons of insertion of the right internal oblique (originating from the right thoracolumbar fascia) and left transversus abdominus (originating from the left thoracolumbar fascia) intersecting in the midline with the digastric tendon of insertion of the left internal oblique(originating from the left thoracolumbar fascia) and right transversus abdominus (originating from the right thoracolumbar fascia).
iv) Transversalis fascia reinforced by the insertion of downturned fibres of transversus abdominus (originating from the inner surfaces of the lower eight  ribs) and the upturned fibres of the transversus abdominus (originating from the inner lip of the iliac crest).
   Divercation of recti affects this segment which becomes overstreched and assymetric.

B) The widest intermediate area consisting of:
i) an anterior rectus sheath oblique fibres consisting of three layers; superficial stratum of external oblique on the same proceeding towards the midline, next the deep stratum of the external oblique of the same side, finally the anterior stratum of the internal oblique of the same side (originating from the middle area of the anterior two thirds of the iliac crest on the same side). In cases showing a triple decussation pattern in their anterior rectus sheath the deepest strata of this sheath decussate with each other adding to the strength of the woven fabric in these cases.
ii) A space reinforced by the passage of the rectus abdominus muscle. This segmented muscle has an anterior segment that inserts into the anterior rectus sheath by a linear attachment as well as two point of attachments to the posterior rectus sheath at its medial end of the evident tendinous intersection. The posterior segment action as antigravity muscle in Homo-sapiens pulling the costal margin anteriorly over the pelvis in the standing position. It is again a segmented muscle but they do not insert in either the anterior or posterior rectus sheaths of their related segments.  The split rectus sheath contains most of the second rectus muscle segment, the whole third rectus muscle segment, the upper smaller part of the fourth rectus segment above the arcuate line. It contains the second and third tendinous intersections. 
  
Furthermore behind the muscle runs the longitudinal vessels communicating between the superior and inferior epigastric vessels ( originating from the subclavian and femoral vessels of the same side respectively). It is worth mentioning that a feeding vessel reaches the rectus  muscle at the posteromedial attachment of the tendinous intersections ( interrupted during eversion of rectus muscle laterally in performing paramedial incisions).
iii) A posterior rectus sheath transversely oriented fibres  representing the tendons of insertion of the internal oblique and transversus abdominus (originating from the left thoracolumbar fascia of the same side). 
iv) Transversalis fascia reinforced by the insertion of downturned and upturned fibres of transversus abdominus .
          C) The narrower lateral area deliniating the site of splitting of the rectus sheath forming the lateral border. Actually it is more of a watershed area for the tendons of insertion of the lateral three muscles as they proceed towards the midline ; these tendons have no bony insertions though their muscle bellies have costal, bony or fascial origin. These tendons are inserted in a digastric pattern to the other side in the anterior and posterior rectus sheaths. This continuity adds to the harmony of accomodation to keep abdominal contour in the face of changes in intra-abdominal volume or pressure. Contraction of one muscle activates its counterpart on the other side. Disinsertion of one side of the digastric tendon finally leads to atrophy of both bellies.
The strata of tendons are not directly attached to each other in this area to allow controlled gliding across the midline in oblique and transverse axes.  The guy ropes that control this gliding is at the sites of attachment of the tendinous intersection to either sheaths. This intact attachment helps in stacking these tendons in a strong, resilient (allowing minimal deformation) dynamic file at the lateral border of the rectus muscle. This tough file can act as a strong platform for accentuating the contraction of their related muscle bellies.

          The angle of compliance lies between the lateral and intermediate zones of the split rectus sheath. On straining there is a controlled increase in this angle to allow light bulge in the umbilical region The effective force is contraction of the external oblique muscle(arising  from the 6th to 8th ribs) and the controlling force is the internal oblique shutter mechanism and the simultaneous contraction of the tethered third rectus muscle segment.

          The controlling shutter mechanism occurs by the simultaneous  contraction of the internal oblique muscle fibres hugging the lateral border of the rectus abdominus muscle Viz fibres of the internal oblique arising from the middle area of the iliac crest with an oblique disposition and those fibres of the same muscle arising from the thoracolumbar fascia with a transverse disposition. 
           The tension induced on the digastric oblique muscles of the anterior rectus sheath by the simultaneous contraction of the rectus muscle (through the intact tendinous intersection), prevents the paraschuting tendency of the muscles aponeuroses away from the abdominal cavity in a centripetal direction.
           The digastric transversly oriented muscle aponeurosis contraction have a tendency to keep the organs inside the abdominal cavity this is further helped by the simultaneous contraction and shortening of the third and fourth attached rectus muscle segments at the point attachment of the third tendinous intersection.
            The oblique fibres help to shape the abdominal contour with its known curves  while the tranverse fibres prevents unwanted bulge on straining.
Observations on abdominal contour in axial MDCT sections;
    1) The anterolateral wall forms at the umbilical area form a partially deformed 3/4 of a cylinder. This anterior deformation is at the site of the split rectus sheath in the umbilical area tent-top  like with a lid-release phenomenon at the angle of compliance to adapt to increase of intra-abdominal pressure.
    2) In an established PUH with divercation  the contour becomes almost trifoil; a central assymetric bulge at the split rectus sheath area and two lateral bulges towards the flank. Exceptionally with a moderate hernia mushrooming over the rectus sheath in a non-obese patient there is a depression in the midline (caused by the sac)  and two lateral bulges.
            When muscle bellies contract their  digastric tendons of insertion either glide along their main axis if properly tethered or they move in a perpendicular line to their main axis if improperly tethered.
            A muscle extending between two bones on contracting may show effective shortening if properly tethered or  if not properly tethered the energy generated maybe lost in movement  of the muscle in a direction offering least resistance away from its main axis (less effective and maybe potentially harmful).
           Contrary to limbs and neck the abdomen has no investing deep fascia. In these areas the investing deep fascia with its restraining properties increase the efficiency of contraction of the muscles within the area minimizing less effective whole muscle movements in the direction of least resistance away from their functional axis of main activity.
          The abdomen has no investing deep fascia to allow for intermittent (momentary straining or nine-month pregnancy), remittent( after labour)  or permenant ( ascites or massive organomegally) abdominal distension in the face of increased volume-pressure in the abdominal cavity.
However God the creator endowed the abdomen with controlling mechanisms to allow controlled release and avoid overshooting in the direction of least resistance which is the anterolateral aspect of the abdomen.
The main site adapting for controlled release is the umbilical area with its ingenius split rectus sheath.
The main mechanism to avoid overshooting is provided by the guy-rope restricting activities of the non-split rectus sheath.
The split rectus sheath  allows for a controlled bulge (tent-roof) in face of an increase in volume or pressure inside the abdominal cavity. This bulge is due to active changes (controlled contraction and gliding) in transverse, oblique and cranio-caudal directions. The changes observed in the anteroposterior axis and the angle of compliance are the results of the previous three vector forces.
 
The intact split rectus sheath has a triple contraction -gliding coupling protecting domain- keeping tactic. The three components are 1) the obliquely oriented anterior rectus sheath fibres.2) the transversely oriented posterior rectus sheath fibres. 3) The segmented rectus abdominus craniocaudally directed muscle. The point of integration between these three components is the second and third tendinous intersections which provide a Hockey-stick shaped interface between the three components. When the three components contract simultaneously during straining their action is integrated along this hockey-stick line of attachment  with end result of resisting enucleating forces with minimal give - way  in the form of controlled increase in the compliance angle and anteroposterior axis of the umbilical area.
Probably the most strained point in this intricate protective mechanism is the tip of the hockey stick at the posteromedial attachment of the third tendinous intersection (point versus line attachment) .Chronic stretching and ensueing weakness  of the fabric of the posterior sheath will predispose to tearing of the tendinous intersection attachment with the resultant defect in the posterior rectus sheath  and loss of tethering of the muscle to the posterior sheath.   This hernia-inducing event usually occurs due to non-gaurded straining e.g at labour or unexpected heavy weight lifting strains.
 
The loss of tethering of the rectus abdominus to the posterior rectus sheath changes the normal triple contraction-coupling  into a double contraction -gliding coupling ( rectus muscle with the still attached anterior rectus sheath)  and a dysorganized posterior gliding mechanism . This could explain the morphometric findings in MDCT in patients afflicted by paraumbilical herniation. 
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. (Shiffman and Mirrafati, 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).

UMBILICAL HERNIA: 
     
An umbilical hernia is an opening in the linea alba, which develops when the umbilical scar fails to heal at birth (figure12). The incidence of umbilical hernia ranges from 10 to 30 percent and is more common in African American children than in Caucasians (Meier et al, 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 et al, 2004).
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Figure(9).

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.

Simple Repair:

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

      
In the open repair for small hernia (smaller than 2 to 3 cm in diameter) , 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 (figure10).
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Figure (10).

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 et al, 2004).
     
If the defect is particularly large, and if the fascial edges will not come together without tension, mesh should be used. 

Mesh repair:

     
Prosthetic materials are widely used today in the repair of all kind of abdominal hernias. randomized clinical trial revealed that the recurrence rate was lower after mesh repair than that after suture repair (1% vs. 11%) in a 64-month mean postoperative follow-up ( Arroyo et al, 2001).
 
In a retrospective clinical series of 100 patients, the recurrence rates for the suture and mesh repair groups were 11.5 and 0%, respectively (p=0.007), with similar results in the infection rates in favor of mesh repair (Sanjay et al, 2005).
 
A systematic review and meta-analysis  revealed that the use of mesh in umbilical hernia repair results in decreased recurrence and similar wound complication rates compared with tissue repair for primary umbilical hernias (Aslani and Brown, 2010 ).
However, many surgeons still make his/her decision on the basis of the size of the umbilical/paraumbilical defect  suggested a tailored repair and stated that suture-based methods for defects  <2 cm can provide acceptable recurrence rates (6%) in long-term follow-up ( Dalenbäck,etal, 2013).
 
A postal questionnaire study from Scotland revealed that surgeons preferred mesh repair for defects >5 cm, whereas similar preference rates for suture and mesh repairs were obtained for defects <2 cm (Witherspoon et al, 2005).

Meshes can be placed via both the open and laparoscopic approaches.
Types of mesh:

    
The ideal mesh material is durable, easy to handle, impervious to infection, and relatively inexpensive (Bringman  et al, 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  et al, 2005).(Mathews  et al, 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). Intra-abdominal 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 intra-abdominal structures when placed in an intra-peritoneal 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 tissue. 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 et al, 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  et al, 2008).(Chavarriaga et al, 2010).

· Long-term data with these grafts for hernia repair in humans are limited (Gray  et al, 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 11). 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 (11). 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  et al, 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 laparoscopic ventral hernia repair( 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 ahigh degree of adhesion (DeMaria  et al, 2000).
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  et al, 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 12).
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Figure(12).

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 et al,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  et al, 2007).
  
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. 

EPIGASTRIC HERNIA:
     
Epigastric hernias are defects in the abdominal midline between the umbilicus and the xiphoid process . The defects are similar to umbilical hernias, but considerably smaller, with defects that are often no more than 1 cm in diameter (Lang et al, 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.

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 13).

[image: image16.jpg]



Figure (13).

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 et al, 2005) .(Nahas et al, 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 et al, 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.

Patients and methods

Study population:

     
The study involved 40 patients with paraumbilical  hernia presenting for management in a surgical department in kasr elainy medical school. Criteria of selection included both gender with mild to moderate hernia less than 10 cm and aged between 20 to 60 years old.

    
After clinical assessment, an informed consent was obtained  to undergo a multi detector  CT imaging technique dedicated for study of some of the morphological criteria of the anterior abdominal wall preoperative to all patient in resting and strain after that the patients were randomly divided into two groups.
The first group underwent paraumbilical hernia repaire with the traditional method of  plication and onlay mesh repir(old technique) while the second group was repaired by prolene mesh pug (new technique).
Technique :

     
All procedures were done under general anaesthesia. 
Old technique:

Transverse supraumbilical incision, upper, lower, right and left flaps were created after that dissect hernia sac, reduce the content and close the defect.

Plication started below xiphoid till under the umbilicus and prolene mesh was inserted onlay and fixed by prolene suture.
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Figure (14): old technique
New technique:  
  
Ellipse; involving the hernia and umbilicus. Dissecting flaps upper and lower, right or left, was done according to disposition of incision. Dissection of the sac was done; if reducible contents it is not opened, if irreducible opening at the neck, and the contents were managed with accordingly.
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Figure (15):  Hernial sac after dissection 
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Figure (16): Opening the hernial sac
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Figure (17): Omentectomy

        Closure of the hernial defect by vicryl or prolene sutures in longitudinal direction . Sometimes in big sacs double vesting of the sac to separate the peritoneum from the inserted mesh.                                               

        Plication of the midline was done from the upper and lower ends until evident tension appears. 

  A)
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  B)
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Figure (18):  A& B  Divercation of recti 

        
Fashioning of one or multiple mesh plugs according to the size of the defect and the associated degree of divercation. The defect is invaginated by the hand to allow fixing the cone of the plug within a tridimensional space. The edges of the defect are fixed to the mesh by interrupted sutures on both sides.

        
Further re-enforcement by continuous running prolene stitches are used to fortify the interrupted sutures. These sutures are the same ones used to plicate the midline in the previous steps.

        
The periphery of the mesh plug is further sutured to the anterior surface of the plate of antrolateral muscles created by the invagination of the mesh plug to allow multi-layered fixation of the plug in concentric circular pattern. Dermolipectomy was done if needed, followed by closure in layers and closed suction drainage. 
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Figure (19):  Showing the mesh plug fashioned from a flat prolene mesh
A)
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  B)

[image: image25.jpg]



C)
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Figure (20):  A, B&C: The shape of the mesh plug is maintained by using a Prolene suture at the apex of the cone

A)
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B)
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Figure (21):  A&B The mesh plug in the hernia defect and anchored to adjacent rectus sheath using No. one prolene
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Figure (22):  The defect is invaginated by the hand to allow fixing the cone of the plug within a tridimensional defect

[image: image30.png]



Figure (23):  The mesh plug (large) in the hernia defect, also showing re-enforcing continuance running prolene stitches used to fortify the interrupted sutures

  The parameters of assessment in this study (both pre and postoperative) were:

1) axial cuts parameters:

a) The distance in between the two recti  in the second , third and fourth  muscle segments, figure (24).
b) Width of the muscle in the second ,third and fourth segments at rest and during straining, figure (24).

c) Depth of the muscle in the same segments at rest and during straining ,figure (24).

d) Distance between vertebral column and the umbilical cicatrix(anteropesterior axis )(AP), figure (24).

e)  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 figure (24). 

f) All length transverse(transverse span of split rectus sheath), figure (25).
g) end to end (transverse axis), figure (25).
h) Lateal muscle thickness, figure (25).
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Figure (24): Axial parameter
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Figure (25): Axial parameter
2)  sagittal cuts parameters:
a) distance from the xiphoid to the level of the symphysisi pubis(craniocaudal axis) ,figure (26).
b) 3rd and 4th segment length and width, figure (28).
c) From xiphoid to 2nd and 3rd tendineous intersection, figure (27).
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Figure (26): sagittal parameters
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Figure (27): sagittal parameters
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Figure (28): sagittal parameters
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:

Table (1) table of work
	 
	 
	Axial
	 
	 
	Sagital

	 
	 
	Depth
	width
	distance in bet
	angle 
	 End 
 To end
	Y2nd
	Y3rd
	All legth
	3rd  Segment
	4 th Segment

	 
	 
	
	
	
	
	
	
	
	vertical
	transverse
	Lenth
	Width
	Lenth
	Width

	RESTING
	Below Xiphoid
	 
	 
	 
	 

 
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	Supra umbilical
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	Infro umbilical
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	u to v 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	STRAIN
	Below Xiphoid
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	Supra umbilical
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	Infro umbilical
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	
	u to v
	 
	
	 
	 
	 
	 

 
	
	
	 
	 
	 


Abbreviations:

· U to v:umbilicus to vertebral column.

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

· Y 3rd :from xiphisternum to 3rd  tendinious intersection

· End to end : horizontal line between two lateral musle.
· All length vertical : from symph xiphisternum to symphysis pubis.

· All lenth transverse : curved line between two lateral musle.

.

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 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
40 cases presenting with paraumbilical herniae to Kasr El Ainy University hospital were enrolled in the present study. Huge herniae with associated loss of domain were excluded from the study in an attempt to decrease the variables related to the surgical treatment adopted.

     
The patients were randomly assigned to two groups; the operators did not choose the operation to the specific patients.

     
Group A were patients with PUH treated by the classical plication of the midline aponeurotic zone, with an added onlay prolene mesh hernioplasty.

     
Group B were patients with PUH treated by prolene mesh plug hernioplasty for their divercation of recti.

     
Full clinical examination as well as preoperative multidetector computerized   tomographic examination (MDCT) using a special technique and measurements previously suggested for study of the morphological changes in the anterolateal abdominal wall muscles during straining.

     
The same MDCT study was repeated in the postoperative period in both groups.

     
The plan of the study of the results was as follows:
I)    Studying the anterolateral muscle measurements in the resting conditions in group A postoperatively comparing it to the corresponding preoperative parameters.

II)  Studying the anterolateral muscle measurements in the resting conditions in group B postoperatively comparing it to the corresponding preoperative parameters.

III) Studying the effect of straining on postoperative resting static measurements in group A (dynamic changes).

IV) Studying the effect of straining on postoperative resting static measurements in group B (dynamic changes).

V) Studying the anterolateral muscle measurements during straining  in group A  postoperatively comparing it to the corresponding preoperative parameters.

VI) Studying the anterolateral muscle measurements during straining  in group B  postoperatively comparing it to the corresponding preoperative parameters.

The results will be tabulated to facilitate relevant comparisons.

   I)Studying the anterolateral muscle measurements in the resting conditions in group A postoperatively comparing it to the corresponding preoperative parameters.
Rectus muscle measurements:
1) Second rectus muscle segment study in the resting position postoperatively in group A compared to corresponding preoperative parameters: (Table 2):
	
	 Group A preoperative
	Group A postoperative
	Significance

	   Length
	10.070+/-3.2005
	9.695+/- 2.3636
	P=0.431

	   Width
	8.575+/- 0.9813
	8.460+/-0.9779
	P= 0.118

	   Thickness
	1.235+/-0.2110
	1.165+/- 0.2207
	P= 0.065

	Distance between recti
	1.550+/-1.0237
	0.210+/-0.2954
	P= 0.000***


    
There is a statistically significant decrease in the distance between the two recti in the second segment at rest in the postoperative period.
2) Third rectus muscle segment study in the resting position postoperatively in group A compared to corresponding preoperative parameters: (Table 3):
	
	 Group A preoperative
	Group A postoperative
	Significance

	   Length
	8.03+/-1.559
	7.750+/- 1.3000
	P=0.042**

	   Width
	8.165+/- 1.1023
	8.050+/-0.8185
	P= 0.432

	   Thickness
	1.225+/-0.2425
	1.295+/- 0.2012
	P= 0.181

	Distance between recti
	4.365+/-1.6866
	0.145+/-0.1234
	P= 0.000***


 
There is a statistically significant decrease in length and distance between the two recti in the third rectus muscle segment at rest in the postoperative period. 

3) Fourth segment rectus muscle study  in resting position postoperatively  in group A compared to corresponding preoperative parameters: (Table 4):
	
	 Group A preoperative
	Group A

postoperative
	Significance

	   Length
	13.00+/-5.009
	12.770+/- 5.0335
	P=0.011 **

	   Width
	7.440+/- 1.0200
	7.175+/-1.0726
	P= 0.088

	 Thickness
	1.625+/-0.6719
	1.485+/-0.1954
	P= 0.514

	Distance between recti
	1.540+/-0.9104
	0.125+/-0.0786
	P= 0.000***


 
There is a statistically significant decrease in length and distance between the two recti in the fourth rectus muscle segment at rest in the postoperative period. 

Studying Configuration changes  of the umbilical zone at the resting position after plication operation with onlay mesh (group A) (Table 5):
	
	    Group A

 preopertively
	    Group A postoperatively
	Significance

	Anteroposterior  axis
	11.68+/- 2.821
	10.75+/-2.319
	P= 0.004**

	Craniocaudal axis
	35.50+/- 1.944
	34.42 +/-1.592
	P=0.000***

	Transverse axis
	19.480+/- 3.2390
	16.890 +/-2.5447
	P=0.005**

	All length transverse
	20.91+/- 2.998
	16.20 +/-1.662
	P= 0.000***

	Compliance Angle
	24.64+/-9.436
	22.73 +/- 8.045
	P= 0.338


 
There is a statistically significant decrease in all aspects of contour of the umbilical area except the compliance angle at rest after plication operation.

Studying changes in lateral muscle relevant measurements at  the resting position after plication operation with onlay mesh (group A): (Table 6):
		Group A 

 preoperatively at rest

	Group A

Postoperative at rest

	Significance


	Lateral muscle thickness at the umbilicus.

	2.045 +/- 0.4071

	2.04 +/-0.4627

	P= 0.8886



	


 
There is no recorded statistically significant change in resting lateral muscle thickness after plication operation.  

II)  Studying the anterolateral muscle measurements in the resting conditions in group B postoperatively comparing it to the corresponding preoperative parameters.

Rectus muscle measurements:

Second rectus muscle segment changes in the resting position postoperatively in patients undergoing prolene mesh plug hernioplasty ( group B) compared to corresponding preoperative parameters: (Table 7):
	
	 Group B

Preoperative at rest
	Group B postoperative rest
	Significance

	   Length
	10.190 +/- 3.2517
	8.945   +/- 2.9887
	P=0.018**

	   Width
	7.515 +/- 1.1056
	7.430  +/- 1.2114
	P= 0.750

	   Thickness
	1.095 +/-  0.1701
	1.100 +/- 0.1864
	P= 0.977

	Distance between recti
	1.485 +/- 1.2193
	0.730 +/- 0.3147
	P= 0.001**


There is a statistically significant decrease in resting length and distance between the recti in the second rectus segment after prolene mesh plug repair. 

Third rectus muscle segment changes in the resting position postoperatively in patients undergoing prolene mesh plug hernioplasty ( group B) compared to corresponding preoperative parameters: (Table 8):
	
	 Group B 

Preoperative at rest
	Group B

Postoperative at rest
	Significance

	   Length
	8.38 +/- 1.810
	7.980 +/- 1.6143
	P=0.108

	   Width
	7.610 +/- 1.3486
	7.255 +/- 1.4915
	P= 0.033**

	   Thickness
	1.115 +/- 0.1387
	1.315 +/- 0.2059
	P= 0.001**

	Distance between recti
	4.145 +/- 1.2050
	1.395 +/- 0.6549
	P= 0.000***


    
There is a statistically significant increase in resting muscle thickness and a significant decrease in resting width and distance in between recti in this segment after mesh plug repair.   

Fourth  rectus muscle segment changes in the resting position postoperatively in patients undergoing prolene mesh plug hernioplasty ( group B) compared to corresponding preoperative parameters: (Table 9):
	
	 Group B preoperative at rest
	Group B postoperative at rest
	Significance

	   Length
	16.11+/- 2.138
	15.805 +/- 3.2362
	P=0.627

	   Width
	6.735+/- 1.0535
	6.430+/- 1.4224
	P= 0.078

	 Thickness
	1.480+/- 0.2419
	1.315+/- 0.2059
	P= 0.304

	Distance between recti
	1.390+/-0.6711
	0.980 +/- 1.3798
	P= 0.007**




There is a statistically significant decrease in resting distance between the recti in this segment after mesh plug repair. 

Studying Configuration changes  of the umbilical zone at rest after   prolene mesh plug hernioplasty (group B) compared to corresponding preoperative parameters: (Tble 10):
	
	     Group B

 preopative at rest
	     Group B

Postoperative at rest
	Significance

	Anteroposterior  axis
	9.99 +/- 2.902
	9.54 +/- 2.645
	P= 0.407

	Craniocaudal axis
	35.15 +/- 2.360
	33.58 +/- 2.600
	P=0.000***

	Transverse axis
	18.350 +/- 2.8456
	16.135 +/- 2.9576
	P=0.000***

	All length transverse
	19.27 +/- 2.983
	15.66 +/- 3.930
	P= 0.000***

	Compliance Angle
	27.40 +/- 12.939
	23.99 +/- 7.477
	P= 0.164


     
There is a statistically significant decrease in all resting parameters  except the AP axis and the compliance angle after prolene mesh plug repair 

Studying changes in lateral muscle relevant measurements at rest  after prolene mesh plug hernioplasty (group B) compared to corresponding preoperative parameters: (Table 11):
	
	Group B preoperative at rest
	Group B postoperative at rest
	Significance

	Lateral muscle thickness at the umbilicus.
	1.885+/-0.2777
	1.74 +/-0.2980
	P= 0.14706


There is no recorded statistically significant change in resting lateral muscle thickness after mesh plug repair.  
III)Studying the postoperative dynamic changes  on straining after plication operation
Rectus muscle measurements:
Second rectus muscle segment dynamic changes after plication (Table 12):
	
	 Group A resting postoperative
	Group A straining postoperative
	Significance

	   Length
	9.695+/- 2.3636
	9.825+/- 2.6378

	P=0.904



	   Width
	8.460+/-0.9779
	8.375+/- 0.8220

	P= 0.697



	   Thickness
	1.165+/- 0.2207
	1.190+/- 0.2573

	P= 0.976



	Distance between recti
	0.210+/-0.2954
	0.205+/- 0.1932

	P= 0.267




Third rectus muscle segment dynamic changes after plication: (Table 13):
	
	 Group A resting postoperative
	Group A straining postoperative
	Significance

	   Length
	7.750+/- 1.3000
	8.27+/- 1.356

	P= 0.749



	   Width
	8.050+/-0.8185

	8.355+/- 0.9145

	P=0.976



	   Thickness
	1.295+/- 0.2012

	1.280 +/- 0.2093

	P=0.589



	Distance between recti
	0.145+/-0.1234

	0.225 +/- 0.0910

	P=0.472




Fourth rectus muscle segment dynamic changes after plication: (Table 14):
	
	 Group A resting postoperative
	Group A straining postoperative
	Significance

	   Length
	12.770+/- 5.0335

	9.825+/- 2.6378

	P= 0.589



	   Width
	7.175+/-1.0726

	8.375+/- 0.8220

	P= 0.219



	   Thickness
	1.485+/-0.1954

	1.190+/- 0.2573

	P= 0.219



	Distance between recti
	0.125+/-0.0786

	0.205+/- 0.1932

	P=0.624



Studying the dynamic changes in the measurements  of the umbilical zone  after plication operation with onlay mesh (group A) (Table 15):
	
	  Group A   resting        postopertively
	    Group A straining     postoperatively
	Significance

	Anteroposterior  axis
	10.75+/-2.319
	12.87+/- 2.352
	P=0.001***

	Craniocaudal axis
	34.42 +/-1.592
	33.37 +/- 1.468
	P=0.010**

	Transverse axis
	16.890 +/-2.5447
	16.240+/- 2.4150
	P=0.447

	Span of split sheath
	16.20 +/-1.662
	16.900 +/- 1.9695
	P=0.728

	Compliance Angle
	22.73 +/- 8.045
	28.10 +/- 8.19
	P=0.014**


Studying  dynamic changes in lateral muscle thickness after plication operation with onlay mesh (group A): (Table 16):
		Group A 

 postoperatively at rest

	Group A straining

Postoperatively

	Significance


	Lateral muscle thickness at the umbilicus.

	2.04 +/-0.4627

	1.835+/-0.4208

	P=0.1502



	


IV)Studying the postoperative dynamic changes  on straining after mesh plug repair

Rectus muscle measurements:
Second rectus muscle segment dynamic changes after mesh plug repair: (Table 17):
	
	 Group B resting postoperative
	Group B straining postoperative
	Significance

	   Length
	8.945   +/- 2.9887

	9.060 +/- 2.8216

	P=0.889



	   Width
	7.430  +/- 1.2114
	7.510 +/- 1.2810

	P=0.711



	   Thickness
	1.100 +/- 0.1864
	1.155 +/- 0.1905

	P=0.147



	Distance between recti
	0.730 +/- 0.3147
	0.625 +/- 0.3972

	P= 0.352




Third rectus muscle segment dynamic changes after mesh plug repair: (Table 18):
	
	 Group B resting postoperative
	Group B straining postoperative
	Significance

	   Length
	7.980 +/- 1.6143
	7.77 +/- 1.503

	P=0.596



	   Width
	7.255 +/- 1.4915

	6.535 +/- 2.5687

	P=0.465



	   Thickness
	1.315 +/- 0.2059
	1.350 +/- 0.2965

	P=0.254



	Distance between recti
	1.395 +/- 0.6549
	1.435 +/- 0.6327

	P=0.4226




Fourth rectus muscle segment dynamic changes after mesh plug repair: (Table 19):
	
	 Group B resting postoperative
	Group B straining postoperative
	Significance

	   Length
	15.805 +/- 3.2362

	15.88 +/- 2.204
	P=0.704



	   Width
	6.430+/- 1.4224

	6.680 +/- 1.4377

	P= 0.294



	   Thickness
	1.315+/- 0.2059

	1.530 +/- 0.2774

	P= 0.168



	Distance between recti
	0.980 +/- 1.3798
	0.985 +/- 0.4404

	P=0.107




Studying the dynamic changes in the measurements  of the umbilical zone  after mesh plug repair (group B) (Table 20):
	
	  Group B   resting        postopertively
	    Group B straining     postoperatively
	Significance

	Anteroposterior  axis
	9.54 +/- 2.645
	10.64 +/- 2.107
	P=0.165

	Craniocaudal axis
	33.58 +/- 2.600
	32.54 +/- 2.583
	P=0.124

	Transverse axis
	16.135 +/- 2.9576
	16.800 +/- 3.2806
	P=0.379

	Span of split sheath
	15.66 +/- 3.930
	15.785 +/- 3.5236
	P=0.787

	Compliance Angle
	23.99 +/- 7.477
	27.40 +/- 7.903
	P=0.067


Studying  dynamic changes in lateral muscle thickness after mesh plug repair (group B): (Table 21):
		Group B 

 postoperatively at rest

	Group B straining

Postoperatively

	Significance


	Lateral muscle thickness at the umbilicus.

	1.74 +/-0.2980

	1.9500+/-0.3317

	P=0.0455


	


V) Studying the anterolateral muscle measurements during straining in group A postoperatively comparing it to the corresponding preoperative parameters.
Rectus muscle measurements:

Second rectus muscle segment changes during straining postoperatively in patients undergoing plication and onlay mesh (group A) compared to corresponding preoperative parameters: (Table 22):
	
	 Group A 

preoperative
	Group A 

postoperative
	Significance

	   Length
	9.83+/-2.887
	9.825+/- 2.6378
	P=0.527

	   Width
	8.560+/- 0.8525
	8.375+/- 0.8220
	P= 0.181

	   Thickness
	1.220+/-0.1508
	1.190+/- 0.2573
	P= 0.204

	Distance between recti
	1.795+/-1.1114
	0.205+/- 0.1932
	P= 0.000***


There is a statistically significant decrease in the distance between the recti  in this segment when compared to the preoperative readings.
Third rectus muscle segment changes during straining postoperatively in patients undergoing plication and onlay mesh (group A) compared to corresponding preoperative parameters: (Table 23):
	
	 Group A

preoperative
	Group A

postoperative
	Significance

	   Length
	7.940+/-1.5729
	8.27+/- 1.356
	P=0.303

	   Width
	8.370+/- 1.1448
	8.355+/- 0.9145
	P= 0.275

	   Thickness
	1.175+/-0.2731
	1.280 +/- 0.2093
	P= 0.044**

	Distance between recti
	4.890+/-1.9633
	0.225 +/- 0.0910
	P= 0.000***


There is a statistically signicant increase in muscle thickness in this segment when compared to the corresponding preoperative readings. Again There is a statistically significant decrease in the distance between the recti in this segment when compared to the preoperative readings.

Fourth rectus muscle segment changes during straining postoperatively in  patients undergoing plication and onlay mesh (  group A)  compared to corresponding preoperative parameters: (Table 24):
	
	 Group A

preoperative
	Group A

postoperative
	Significance

	 Length
	13.450+/-5.1044
	12.47+/- 4.677
	P=0.004**

	 Width
	7.42+/- 1.289
	7.200 +/- 1.0483
	P= 0.065

	 Thickness
	1.410+/-0.2447
	1.475 +/- 0.1970
	P= 0.147

	 Distance between recti
	1.610+/-0.9002
	0.105 +/- 0.0224
	P= 0.000***


There is a statistically significant decrease in length of the muscle in this segment on straining when compared to corresponding preoperative readings. Again  There is a statistically significant decrease in the distance between the recti  in this segment when compared to the preoperative readings.
Studying Configuration changes  of the umbilical zone during straining after plication operation with onlay mesh (group A) compared to corresponding preoperative parameters: (Table 25)
	
	Group A

Preoperative
	Group A

postoperative
	Significance

	Anteroposterior  axis
	14.44+/- 2.744
	12.87+/- 2.352
	P= 0.000***

	Craniocaudal axis
	33.53+/- 2.186
	33.37 +/- 1.468
	P=0.911

	Transverse axis
	20.00+/- 3.282
	16.240+/- 2.4150
	P=0.000***

	All length transverse
	21.520+/- 3.5768
	16.900 +/- 1.9695
	P= 0.000***

	Angle
	32.49 +/- 8.776
	28.10 +/- 8.196
	P= 0.001**


There is a statistically significant decrease in all parameters except the craniocaudal axis on straining when compared to their corresponding preoperative readings.

Studying changes in lateral muscle relevant measurements during straining  after plication operation with onlay mesh (group A) compared to corresponding preoperative parameters: (Table 26):
		Group A 

Preoperative straining

	Group A

Postoperative straining

	Significance


	Lateral muscle thickness at the umbilicus.

	1.9+/- 0.4255

	1.835+/-0.4208

	P= 0.6170



	


VI)Studying the anterolateral muscle measurements during straining  in group B  postoperatively comparing it to the corresponding preoperative parameters.
Rectus muscle measurements:
Second rectus muscle segment changes during straining postoperatively in patients undergoing prolene mesh plug hernioplasty (group B) compared to corresponding preoperative parameters (Table 27):
	
	 Group B

Preoperative straining
	Group B

Postoperative straining
	Significance

	   Length
	9.18 +/- 3.337
	9.060 +/- 2.8216
	P=0.747

	   Width
	7.685 +/- 1.2390
	7.510 +/- 1.2810
	P= 0.045**

	   Thickness
	1.170 +/- 0.1895
	1.155 +/- 0.1905
	P= 0.730

	Distance between recti
	1.670 +/- 0.9863
	0.625 +/- 0.3972
	P= 0.000***


There is a staistically significant decrease in length and inter-recti distance on straining when compared to their  corresponding preoperative readings.

Third rectus muscle segment changes during straining postoperatively in patients undergoing prolene mesh plug hernioplasty ( group B) compared to corresponding preoperative parameters: (Table 28):
	
	 Group B 

Preoperative straining
	Group B

Postoperative straining
	Significance

	   Length
	8.190 +/- 1.3661
	7.77 +/- 1.503
	P=0.026**

	   Width
	7.645 +/- 1.4413
	6.535 +/- 2.5687
	P= 0.001**

	   Thickness
	1.170 +/- 0.1780
	1.350 +/- 0.2965
	P= 0.001**

	Distance between recti
	4.705 +/-1.6411
	1.435 +/- 0.6327
	P= 0.000***


 
There is a statistically significant decrease in length , width and inter-recti distance on straining when compared to their corresponding preoperative readings. Furthermore there is a statistically significant increase in muscle thickness in this segment on straining when compared to the corresponding preoperative readings.

Fourth rectus muscle segment changes during straining postoperatively in patients undergoing prolene mesh plug hernioplasty ( group B) compared to corresponding preoperative parameters: (Table 29):
	
	 Group B preoperative straining
	Group B Postoperative straining
	Significance

	 Length
	16.290 +/- 1.9363
	15.88 +/- 2.204
	P=0.116

	 Width
	6.82 +/-1.071
	6.680 +/- 1.4377
	P= 0.318

	 Thickness
	1.490 +/- 0.1971
	1.530 +/- 0.2774
	P= 0.424

	Distance between recti
	1.625 +/-1.4596
	0.985 +/- 0.4404
	P= 0.040**


There is a statistically significant decrease in the distance between the recti  in this segment when compared to the preoperative readings.
Studying Configuration changes  of the umbilical zone during straining after   prolene mesh plug hernioplasty (group B) compared to corresponding preoperative parameters: (Table 30):
	
	Group B preoperative straining
	Group B postoperative straining
	Significance

	Anteroposterior  axis
	11.82 +/- 2.567
	10.64 +/- 2.107
	P= 0.014**

	Craniocaudal axis
	33.26 +/- 2.630
	32.54 +/- 2.583
	P=0.001**

	Transverse axis
	18.64 +/- 2.489
	16.800 +/- 3.2806
	P=0.001**

	All length transverse
	19.720 +/- 3.6663
	15.785 +/- 3.5236
	P= 0.000***

	Angle
	32.50 +/- 13.181
	27.40 +/- 7.903
	P= 0.007**


  
There is a statistically  significant decrease in all parameters on straining when compared to the corresponding preoperative reading.

Studying changes in lateral muscle relevant measurements during straining  after prolene mesh plug hernioplasty (group B) compared to corresponding preoperative parameters: (Table 31):
	
	Group B preoperative straining
	Group B postoperative straining
	Significance

	Lateral muscle thickness at the umbilicus.
	1.935+/-0.2518
	1.95+/-0.3316
	P= 0.8414


Discussion

Discussion

      
The development and progression of abdominal wall herniation is dependent on the interaction of two main factors;
 1) contour changes  (pre-herniation as well as post-herniation positive multiplier system).
 2) functional derangements during straining consequent to  triggering of the herniation procedure.

   Integrity of the anterior abdominal wall is primarily dependent upon the abdominal muscles and their conjoined tendons (Ellis 2007). 

The contour of the abdomen is dependent on general factors as well as the interaction of abdominal content volume and pressure status and abdominal wall (muscle and subcutaneous fat).

     
The general factors are age, posture and body mass index. The effect of the abdominal content volume- pressure status is evident with chronic processes   such as ascites, organomegaly, male pattern of obesity (omental fat), chronic obstructive airway disease or functional or structural  obstructed  micturition or defaecation (Non -physiologic episodic straining during labour maybe the triggering event of herniation in contrast to the predisping effect of temporary stretching of the fabric during pregnancy).

The abdominal wall contribution to the shapening of the abdominal contour maybe through the muscular component (mass as well as tone), or the subcutaneous fat accumulation in the female pattern of obesity.
   
The prolonged stretch of the fabric of the midline aponeurotic zone, predisposes to the occurrence of a tear in the posterior rectus sheath at the most stressed point of posteromedial  attachment  of the third tendinous intersection with the development of the following:

 1)  a hernial defect.
 2) disinsertion of the lateral muscles forming the posterior lamina of the split rectus sheath (part of internal oblique and transversus abdominus)              
 3) disinsertion of the rectus abdominus from the posterior rectus sheath . This is considered step one of the deleterious process.

The development and progressive enlargement of the sac through the hernial defect leads to  :

 a) wider hernial defect,the hernial defect progression accentuates the lateral abdominal wall disinsertion  with consequent atrophy of these muscles  and progressive widening of the divercation of recti.
 b)  progressive  radial deviation of the rectus abdominus ,predisposing to a progressive diverication of the recti  , as well as atrophy of the third rectus abdominus segment.

 c)  the hernial sac compresses the anterior lamina of the rectus sheath (formed by the oblique muscles) until it ruptures through it causing disinsertion of these muscles too. This leads to progressive stretch of the fabric of the midline aponeurotic zone thus closing the positive vicious feedback cycle of umbilical herniation.
  d) the sac after this penetration mushroomes in the subcutaneous space with minimal tissue resistance. 

Breaking down this cycle is essential in treatment and prophylaxis against recurrence of umbilical region herniation. Five factors should be addressed: defect, sac , diverication, muscle disinsertion, subacute stretch of the fabric of the midline aponeurotic zone. 

Historically hernial defect management passed into several phases from anatomical closure in longitudinal direction, transverse repair with or without overlap and oblique repair lines. The relatively high incidence of recurrence necessitated reinforcement of these repairs by prosthetic meshes introduced at several planes viz onlay, sublay or intraperitoneal.  Professor Omar Askar introduced another concept of repair of a non-linear defect by filling it using grafts rather than closing it by sutures that could induce tension in the tissues. Ratkov(1993) introduced the concept of mesh plug repair in inguinal hernia this highlighted the concept of tridimensional dynamic repair in the management of abdominal hernia.

Options of management of the sac ranges from either invagination in a keel repair configuration of the defect, or complete excision of the sac in most cases.  The management of the sac in huge herniae with loss of domain raises controversy uptill the present day.  

Though the management of the defect and sac is obvious to all surgeons the last three factors if they were inadequately addressed would undermine the results of surgical management.  The persistence of subacute stretch of the midline aponeurotic zone maybe due to persistance or recurrence of increased intra abdominal episodic or persistent increased intra-abdominal pressure (ascites, asthmatic bronchitis, straining at micturition or defaecation or early pregancy and non physiologic straining during labour), non adressed deletrious effects of divercation of recti and lateral muscle disinsertion- atrophy consequences and finally persistence of an infra-umbilical pad of fat with its continuous distracting pull on the repaired supraumilical midline suture line.

 The aim of the present work is to compare between two methods of PUH  repair; the method of direct transverse suturing of the divercation of recti( not the defect perse) with an onlay mesh versus the method of mesh plug over the divercated segment(not the defect perse)  as regards the static and dynamic measurements involving the anterolateral muscles using MDCT in the early postoperative period.  

  
The findings in MDCT can evaluate both structural static readings of the muscles contributing to abdominal contour evaluation as well as the dynamic functional changes in these readings during straining. 

  
To evaluate the effect of an operation using morphometric criteria as the findings of MDCT on the anterior abdominal wall shape and muscle dimensions, several steps should be taken.
   
First step is to define what is the normal expected findings in the two positions possible in a CT examination in : resting position at end of patient expiration and straining at end of maximum inspiration with a closed glottis.

A control group was depicted in a previous study from young healthy male army recruits  , supposing they were the best model in structure and function of anterolateral abdominal wall. The changes perceived between the findings at rest and during straining maybe the safer model of assessment rather than the absolute numbers calculated to decrease confounders related to body mass index(height , weight, obesity) , age,posture, intraabdominal  content status and parity history in females. 
Comparing the static readings between different humans is not accurate because of the previously mentioned confounders. However comparing these static readings in the same individual before and after surgery is accepted statistically to nullify the effects of the confounders and to assess contour related parameters changes due to the operation. A Eutopian condition would be to compare these static findings before and after hernia development ; but unfortunately this could not be done. 

  What is considered normal in the previous study was the following:

 1) There is a statistically significant increase in the distance between the two recti on straining in the umbilical (third segment) and belly support area (fourth segment) of the midline aponeurotic zone.
  2) There is a statistically significant decrease  in length of the third and fourth rectus abdominus segments on straining. 
3) There is a statistically significant increase in the width of the third and fourth rectus abdominus segments on straining.
 4) There is a statistically significant increase in thickness of the fourth rectus abdominus segment on straining.  
 5) There is a statistically significant decrease in the craniocaudal axis of the abdomen in the midline on straining. 
 6) There is a statistically significant increase in the transverse axis of the midline aponeurotic zone on straining. 
7) There is a statistically significant increase in the transverse span of the split rectus sheath in the umbilical region on straining.
 8)  There is a statistically significant increase in the compliance angle on straining. 
 9) There is a statistically significant increase in the anteroposterior axis of the contour of the umbilical region on straining.
10) There is a statistically significant increase in lateral muscle thickness on straining.
  
The observed differences in patients with mild and moderate para umbilical herniae were:

 1) There is an additionally observed increase in the distance between the two recti in the respiratory area (second rectus abdominus segment) on straining. Thus this increase was observed in the three studied segments on straining contrary to chosen control group.
 2) Contrary to controls there is no statistically significant difference in the length and width of the third and fourth rectus abdominus segments on straining. 3) There is no statistically  significant increase in transverse  axis of the umbilical region as well as the whole transverse span of the split rectus sheath in the umbilical area   on straining contrary to the chosen control group.
 4) The increased thickness of lateral muscles on straining is not observed.These changes reflect the paraumbilical hernia pattern of functional dynamic changes on straining.

 
The second phase of the study is concerned with the postoperative changes induced by different operations; fortunately it is relatively sound to compare static readings at rest as well as during straining to their preoperative corresponding levels. Furthermore dynamic changes during straining can be easily compared as usual.

 
The philosophy of repair of a PUH should be directed towards repair of the salvagable derangements rather than  strict anatomical reconstruction.The vicious cycle of herniation with positive feedback should be understood so that surgeons should improvise techniques to:

 1) Abort the process
 2)  Reconstruct the diseased area with the aim of abolishing the present herniation and avoid future recurrence.
  A repair that ameliorates the observed changes after development of a PUH, with alleviation of the deletrious effect of muscle disinsertion  maybe a better option than the attempt at a complete reconstruction of the normal anatomy which might be attended with generation of tension at the suture line.Closure of the defect and attempt to limit rectus muscle and lateral muscle disinsertion without creating tension over the suture line maybe an acceptable therapeutic aim.

Any comprehensive repair must improve the derangement observed in the preoperative resting phase; these static readings have a direct impact on the observed postoperative patient abdominal contour.  The repaired resting phase findings should allow for occurrence of the protective tactics to maintain integrity in face of straining stresses on the anterior abdominal wall.

The present study aims to compare the early postoperative anatomic static morphometric changes as well as the early physiologic dynamic changes that occur when repairing mild to moderate size paraumbilical herniae by two different techniques. 

 
The two techniques concentrate on the management of the divercation of the recti after closure of the hernial defect. The technique of midline plication with a reinforcing onlay prolene mesh insertion was compared to the technique of mesh-plug hernioplasty centred on the divercated umbilical region.

    The first technique aims at near- anatomical repair of the pathology of paraumbilical herniation, whereas the second technique aims at avoiding the possible tension induced by the first repair. The first technique simulates a Zipper- like closure of the divercated recti by a continuous interlocking permanent suture line starting from the cranial end(respiratory zone) to the caudal end(belly support area). The second technique applies the Zipper -like approximation technique in the respiratory area and the belly support area by seperate suture lines; whereas the umbilical area manifesting the widest span of divercation is repaired by incomplete approximation with movement of the sagged split sheaths towards the anterior midline by the bucket- handle radial medial rotation technique through incorporation of a huge prolene mesh plug into the divercated umbilical area. 
     The mesh plug has two concentric lines of attachment to the underlying tissues (target -like): a central non symmetric elleptical attachment to the edge of the umbilical divercated area ; the suture of the upper zipper-like repair of the respiratory zone continues into the right arc of attachment of the plug to meet the caudal zipper-like suture at the caudal point of the constructed modified ellipse. The latter continues to construct the left arc of attachment of the plug back to the apical cranial point of the constructed modified ellipse. 
     These suture lines integrate the action of the edge of the divercated area with the insinuated plug to reform a relatively secured umbilical zone.  This suture line is further secured through a continuous suture line to the whole perimeter of the huge mesh plug integrating it with the contraction of the bellies of the three lateral muscles after their medial transposition by the more central previously described suture line.

Four questions would be addressed:
 1)  Which of either technique is associated with useful postoperative contour changes towards a supposed normal contour despite of the fact that we have no objective data on  the non-available patient preherniation contour?
 2) Which of either technique is associated with reversion to the normal protective dynamic changes detected in normal controls and lost on development of paraumbilical herniation?
 3) What of the lost dynamic protective changes are not amenable for repair by both techniques?
 4) Are there other non-physiologic protective or annoying mechanisms developed by either technique?

      
Both techniques are associated with evident contour improvements in the early postoperative period. 

Both techniques show a statistically significant decrease in the morphometric measurements of the umbilical area in the resting conditions: the details are as follows;
1) The transverse axis, span of the split rectus sheath  are decreased postoperatively due to the repair of the  previously sagging halves of the split rectus sheath towards the midline by both techniques (Zipper -like or bucket  handle rotatory movement repair) .

 2) The craniocaudal axis at rest is significantly decreased due to a significant decrease in the length of the third and fourth rectus abdominus segments in the plication technique; whereas the mesh plug technique is associated with a significant decrease in length of the second rectus abdominus segment. The explanation of the difference of the results is : the radial medial transposition of the rectus abdominus segments by the plication technique is bound to cause statistically significant shortening according to the relative arc of rotation of each segment. In the plication technique the arc of rotation is relatively higher in the third and fourth segment when compared to the second segment (that did not show a statistically significant decrease in length when compared to preoperative reading). The insinuation of the mesh plug in the second technique limits the arc of rotation of the third and fourth segments so much so that they do not show a statistically significant decrease in length at rest when compared to the preoperative reading.
 
The plicated upper segment in the second technique without the attended impairment by the plug insinuation is bound to cause a statistically significant decrease in length of the second rectus muscle segment at rest if compared to preoperative readings.

3)The change in the compliance angle and the anteroposterior axis at the umbilical area should be evaluated together as these two parameters depend  on the interaction of vector forces in the three main directions viz transverse(tendons of insertion in the posterior rectus sheath and their related bellies), oblique (tendons of insertion in the anterior rectus sheath and their related bellies) and craniocaudal (the rectus abdominus muscles with their global  integrating tendinous intersections).
 
The mesh plug insinuation and attendant bucket-handle anteromedial transposition   of the sagged split rectus sheath halves does not cause a significant change in AP axis and compliance angle in the umbilical region.   The relative tension induced by the zipper-like plication repair of the divercation is bound to affect the anteroposterior axis by a significant decrease if compared to preoperative levels (as if pulling a hood- over a deformable surface). 
The significant shortening of the third rectus segment and its medial pull together with the concomitant oblique and transverse pull on the anterior and posterior rectus sheaths respectively by the plicating suture in the umbilical region  nullifies the effect on the resting compliance angle that does not show a significant decrease when compared to preoperative readings contrasting  with the  significant decrease in the AP axis in these repaired cases. Summing up the static compliance angle at rest does not show a statistically significant change in both operations whereas there is a statistically significant decrease in AP axis in the plication group when compared to the preoperative levels.

4) The distance between the two recti at rest showed a statistically significant decrease in both operations when compared to the preoperative readings.  The reasons for this finding maybe a) due to the repair of the  previously sagging halves of the split rectus sheath towards the midline by both techniques (Zipper -like or bucket  handle rotatory movement repair) . b) the inter-rectus distance has been widened by the herniation process in the preoperative period ; plication of the midline by a continuous suture is bound to reduce this distance markedly when compared to preoperative readings, whereas plug insinuation between the two recti decreases this distance perhaps  in a less marked extent when compared to the plication operation.  

  
To sum up, both operations significantly affect static readings at rest influencing the postoperative contour through different mechanisms: the plication procedure is associated with a decrease in almost all parameters (inter-recti distance, transverse axis, split rectus sheath span, craniocaudal distance, anteroposterior axis), the mesh plug technique shows a similar significant decrease in these parameters except in the anteroposterior axis at the umbilicus. Both techniques do not show a statistically significant change in the postoperative compliance angle when compared to preoperative readings.

 
The above mentioned contour changes at rest may explain the recorded postoperative dynamic changes on straining; the latter may further explain the static contour measurements observed at straining postoperatively.

Comparing the postoperative dynamic changes on straining  to their preoperative changes as well as the previously documented dynamic patterns in controls  revealed three patterns; a) return to the normal control pattern. b) persistence of PUH pattern c) a new pattern develops which maybe protective against recurrence with variable annoying side effects because they are different from the normal pattern. 

 
The postoperative dynamic changes  that return to the normal control pattern are two changes :
 1) The preoperative observed statistically significant increase in inter-recti distance on straining in the second rectus segment in PUH patients is abolished. Thus it returns to the normal pattern of a non-statistically significant increase in this distance in the second rectus segment on straining. This dynamic change was observed in the two groups. The explanation lies on the cause of this change in PUH patients. , viz the radial deviation of the third rectus segment due to the tear in its lowest attachment,pulls on the still- attached second rectus segment leading to its radial sagging away from the midline during resting . On straining the isometric contaction of the second segment pivoted on the attached second intersection is disturbed because of the ineffective third segment isotonic contraction the resultant change would be an abnormal lateral glide of the second segment in the split rectus sheath increasing the inter-recti distance contrary to the controls. The  midline plication of the second split rectus sheath  segment that occurs in both operations limit this abnormal lateral gliding by a space limiting effect rather than a return to the normal patterns in controls. 
2) The increased thickness of the lateral muscles on straining evident in the umbilical area in the controls was lost after PUH develops. The explanation of that maybe the inefficient stacking of the tendons of insertion in the lateral area of the split rectus sheath due to the tear of the posteromedial attachment of the third tendinous intersection  with a resultant bilateral disinsertion  and lateral retraction of the oblique and transversus muscles forming the  transversely oriented posterior rectus sheath.  The relative lateral displacement of the third rectus muscle segment by the insinuated plug reinforces the stacking of the tendons at the lateral water-shed area, perhaps displacing it laterally compared to the controls but reforming the tendon configuration into a more favourable artificially mechanically supported platform against which the muscle bellies can contract more efficiently. Both operations cannot reconstruct the original point attachment of the third tendinous intersection to the posterior rectus sheath; so they could not delimit or change the herniation cycle through this original anatomical arrangement. However the mesh plug technique through a space limiting effect rather than a return to the normal pattern can improve lateral muscle contraction and thus stop the disinsertion- atrophy consequences of herniation.   The mesh plug technique improves the lateral muscles contraction in the umbilical region because it offers two concentric lines of attachment laterally to the muscle bellies at the perimeter of the fixed mesh and medially to their respective aponeuroses at the medial edge of the transposed third rectus abdominus segments bilaterally  this allows better integration than the peripherally fixed onlay mesh in the other technique.

To sum up; the mesh plug has an evident advantage of improving lateral abdominal muscle efficiency through induced mechanical effects to restore near-normal functions.

 
The postoperative dynamic changes  that are not changed from the PUH pattern  (contrary to controls )are two changes:1)  There is no statistically significant increase in the transverse axis and the split rectus sheath span on straining contrary to the pattern in normal control. The explanation maybe the loss of controlled integrated gliding of the tendons forming the posterior rectus sheath because of the tear of the medial attachment of the third tendinous intersection(loss of integration) forming a defect in the posterior rectus sheath that leads to disruption of the digastric  pattern of insertion in the muscles forming the posterior rectus sheath ; thus  there is an asymmetry of pulling from either side in the transverse direction , the defect is drawn to the non-torn side with ineffective pulling of the muscle bellies on the torn side.  Both operations could not repair that pathological derangements; they do not address reinsertion of the tendinous intersection, or regaining symmetry of contraction of both sides; in fact the gliding of the fibres of the posterior sheath in the midline aponeurotic zone is impaired by both techniques through the mechanical effect of the continuous plicating suture or the mesh plug insinuation.

 
The second dynamic change that does not revert to normal and persists as the a PUH pattern is the persistence of the non-statistically significant decrease in length of the third and fourth rectus muscle segments on straining . The explanation is in normal controls  with the attached Hockey-stick like attachment of the third tendinous intersection , the tethering of the posteromedial attachment increases the efficiency of contraction of the third and fourth rectus muscle segments  so much so they are shortened rather than radially deflected from their main axis. 
The vector force produced from contraction of the rectus muscle and the anterior oblique and posterior transverse sheaths is directed anteroposteriorly forming a domain keeping mechanism (triple contraction gliding coupling). This triple contraction gliding protective mechanism is converted to a double contraction gliding mechanism with tearing of the posteromedial attachment of the tendinous intersection to the posterior rectus sheath during the development of PUH. Thus the rectus muscle is radially deviated backwards and upwards during rest and on straining the efficiency of contraction and effective shortening of the third and fourth muscle segments are lost. The deflected muscle moves away from the midline increasing the inter-rectus muscle distance significantly because they are still attached to the anterior oblique rectus sheath. This persistent double contraction -gliding coupling changes the direction of the vector forces towards increasing the angle of compliance on straining (predispose to enucleation on straining) in PUH patients.  
Again both operations do not address the problem of the tendinous intersection tear and both impeed the gliding mechanisms of both rectus sheaths; so the abnormal recorded dynamic changes on straining in PUH patients are not effectively influenced by either of the two techniques of repair adopted.

Both operations lead to the occurence of some new dynamic patterns  not detected in normal controls or PUH patients. These new dynamic changes  may prove to be protective but are frequently annoying. These changes affect three parameters mainly in the umbilical and belly support areas;
1) Inter-rectus distance in third and fourth rectus segments.
2)  craniocaudal axis length changes.
3)  Compliance angle and AP axis changes on straining.

     
The statistically significant increase in the inter-recti distance in the third and fourth rectus segments in controls  on straining is due to the intact triple contraction gliding coupling(vide supra). This statistically significant increase is still observed in PUH cases due to the still intact double contraction -gliding coupling (vide supra) . Postoperatively this statistically significant increase is not observed; plication by a continuous suture or insinuation of a plug in the midline aponeurotic zone impeed the gliding mechanisms of both the anterior and posterior rectus sheaths.  This effect though non-physiologic may offer a protective mechanism preventing the pathological contour bulge on straining in the umbilical area in PUH patients with a weakened stretched aponeurotic fabric and disinserted muscles. However this non -physiologic dynamic change may cause pain to the unaccustomed patients in the early postoperative period on straining due to the relative tension induced at the site of repair. 
This tension is mainly produced by the contraction of the lateral three muscle sheets; the induced strain is dissipated between the peripherally attached mesh and the underlying repaired  midline aponeurotic zone which is bound to be at relative tension in the umbilical zone showing the widest inter-recti distance preoperatively.; perhaps to a lesser extent in the mesh plug repair .

       
The craniocaudal dimension of the abdomen in the midline shows a statistically significant decrease on straining in normal controls as well as PUH patients. This is mainly due to the active contractions of the posterior fibres of the both  rectus abdominus muscles  spaning from the costal margin to the pubic bone with antigravity tone as well as active contraction to keep the rib cage balanced on the pelvis in an upright creature (Homo-sapiens). This same segment is not attached to either the anterior or posterior rectus sheaths and thus their function is not significantly affected by the PUH pathological derangements.  
This protective mechanism is not disturbed by the plication procedure; however the mesh plug technique postoperatively does not show this statistically significant decrease in craniocaudal midline length on straining. The plug insinuation deforms the shape of the midline so much so that the previously recorded decrease in the craniocaudal midline length could not be observed.  The static effect of the plug insinuation and the supposed but not yet proved dynamic anteroposterior insinuation of the plug may replace the protective effect of the craniocaudal midline length decrease in prevention of organ enucleation from the umbilical area defects on straining. Again mesh plug repair may be annoying to the patients on straining because of loss of a physiologic mechanism and its replacement by a static brake mechanism to avoid unnecessary bulge in the area.

The postoperative effects of the operations on the compliance angle and the AP axis at the umbilicus differ.   In the controls as well as the PUH patients there is a statistically significant increase in the compliance angle and the AP axis on straining. However the range of these dynamic changes is more in PUH patients because of several reasons:
 1) The triple contraction gliding mechanism in the split rectus sheath turns into a double contraction gliding mechanism which leads to a change from a checked trap- door protective domain -keeping effect to an unchecked increase in the compliance angle and consequent increase in AP axis promoting organ enucleation through the umbilical defects on straining.
2) On straining in a control normal patient the increased abdominal pressure is ameliorated by two mechanisms: the lid release or trap door effect on the two halves of the split rectus sheath as well as the statistically significant increase in transverse axis due to lateral transversely oriented muscle bellies. The loss of the statistically significant increase in transverse axis and the transverse split rectus sheath span in PUH patients with consequent loss of transverse give -way accomodation in the abdominal cavity makes the AP axis the only available axis   for a significant increase in the face of increased intra-abdominal pressure.

      
The plication group show postoperatively a statistically significant increase in the compliance angle and AP axis  like the preoperative changes but to a smaller range towards the levels observed in controls problably due to the the improvement of resting readings induced by the operation. The plication procedure almost abolishes the normal split rectus sheath gliding mechanisms but it does not affect the efficiency of lateral muscle contraction so there is a lack of transverse give-way accomodation on straining as the preherniation status. 

 
The mesh plug insinuation impeeds the normal split rectus sheath gliding, but it improves lateral muscle belly contractions towards the normal pattern.  The mechanical insinuation impeeds the changes in all umbilical zone parameters on straining. This non-physiologic dynamic changes protects against bulging on straining in the umbilical area offering a theoretical advantage on the more pliable plication technique that allows for a statistically significant increase in the compliance angle and AP axis on straining. However these changes may be annoying to the patients in the early postoperative changes.

   
To sum up both operations through impeeding gliding in the split rectus sheath nullify all the dynamic changes on straining observed on the controls except three parameters in the plication procedure which are the significant decrease in midline craniocaudal axis length (dependant on posterior fibres of rectus abdominus) and a significant increase in AP axis and the compliance angle (dependant on several interacting factors)  .

  
To sum up the mesh plug technique has  a theoretical advantage of less tension in the umbilical area but offers a less pliable repair to the deforming forces of the area on straining which is definitely protective, but probably annoying in the early postoperative period until the mesh incorporates into the underlying tissue so as to move as one unit.  The undisputed advantage of this technique is the better postoperative contraction of the lateral muscles in these patients back to the normal patterns observed in controls. 

Summary

Summary

40 cases presenting with paraumbilical herniae to Kasr El Ainy University hospital were enrolled in the present study. Huge herniae with associated loss of domain were excluded from the study in an attempt to decrease the variables related to the surgical treatment adopted.

     
The patients were randomly assigned to two groups; the operators did not choose the operation to the specific patients.

     
Group A were patients with PUH treated by the classical plication of the midline aponeurotic zone, with an added onlay prolene mesh hernioplasty.

     
Group B were patients with PUH treated by prolene mesh plug hernioplasty for their divercation of recti.

     
Full clinical examination as well as preoperative multidetector computerized   tomographic examination (MDCT) using a special technique and measurements previously suggested for study of the morphological changes in the anterolateal abdominal wall muscles during straining.

     
The same MDCT study was repeated in the postoperative period in both groups.

Comparing resting post-operative to resting preoperative group (A):
2nd segment there is a statistically significant decrease in the distance between the recti

3rd segment there is a statistically significant decrease in length & the distance between the recti  
4th segment there is a statistically significant decrease in length & decrease in the distance between the recti  
There is a statistically significant decrease in all aspects of the umbilical area except the compliance angle 

Comparing resting post-operative to resting preoperative group (B):

2nd segment there is a statistically significant decrease in length & the distance between the recti  

3rd segment there is a statistically significant decrease in width & the distance between the recti  
4th segment there is a statistically significant decrease in the distance between the recti  
There is a statistically significant decrease in all aspects of the umbilical area except AP axis & the compliance angle

Studying the postoperative dynamic changes  on straining after plication group (A):

· Statistically significant increase AP axis 

· Statistically significant increase angle
· Statistically significant decrease craniocaudal axis
Studying the postoperative dynamic changes  on straining after mesh plug repair group (B):

Statistically significant increase lateral muscle thickness

Comparing straining post-operative to straining preoperative group (A):

2nd segment there is a statistically significant decrease in the distance between the recti  

3rd segment There is a statistically signicant increase in muscle thickness. & there is a statistically significant decrease in the distance between the recti  
4th segment there is a statistically significant decrease in length of the muscle & there is a statistically significant decrease in the distance between the recti  
There is a statistically significant decrease in all parameters except the craniocaudal axis.

Comparing straining post-operative to straining preoperative group (B):

2nd segment there is a statistically significant decrease in the distance between the recti  

3rd segment there is a statistically significant decrease in length, width and distence between recti &there is a statistically significant increase in muscle thickness 
4th segment there is a statistically significant decrease in length of the muscle & there is a statistically significant decrease in the distance between the recti  
There is a statistically significant decrease in all parameters. 

References
References
· Ameh E (2004): Incarceration of umbilical hernia in children: is the trend increasing? Eur J Pediatr Surg; 14:218.
· Arroyo A, García P, Pérez F et al. (2001): Randomized clinical trial comparing suture and mesh repair of umbilical hernia in adults. Br J Surg.; 88:1321–1323.
· Askar O (1977): Surgical anatomy of the aponeurotic expansions of the anterior abdominal wall. Ann R Coll Surg Engl 59:313-321.

· Askar O (1978): A new concept of the aetiology and surgical repair of paraumbilical and epigastric hernias. . Ann R Coll Surg Engl 60:42-48.

· Askar O (1984): Aponeurotic hernias. Recent observations upon paraumbilical and epigastric hernias. Surgical chinis of north America Vol (64) no. (2) 315-333.

· Askar O. (1994): Aponeurotic hernias: epigastric, umbilical, paraumbilical, hypogastric. In: Prosthesis and Abdominal Wall Hernias.Edited by Bendavid,R.Published by R.G.Landes company, Austin: first edition , p.59-68.

· Aslani N and Brown C. (2010): Does mesh offer an advantage over tissue in the open repair of umbilical hernias? A systematic review and meta-analysis. Hernia; 14:455–462. 
· Beer G, Schuster A, Seifert B et al. (2009):  The normal width of the linea alba in nulliparous women. Clin Anat; 22:706.
· Bellows C, Alder A and, Helton W. (2006): Abdominal wall reconstruction using biological tissue grafts: present status and future opportunities. Expert Rev Med Devices; 3:657.
· Boyd J. (1980): Development of striated muscles, structure and function of muscle, published by G.H Bourne academic, New York, vol 1.

· Bringman S, Conze J, Cuccurullo D et al. (2010): Hernia repair: the search for ideal meshes. Hernia; 14:81.
· Candage R, Jones K, Luchette F et al. (2008): Use of human acellular dermal matrix for hernia repair: friend or foe? Surgery; 144:703.
· Chavarriaga L, Lin E, Losken A et al. (2010): Management of complex abdominal wall defects using acellular porcine dermal collagen. Am Surg; 76:96.
· Dabbas N, Adams K, Pearson K et al. (2001): Frequency of abdominal wall hernias: is classical teaching out of date? JRSM Short Rep; 2:5. 
· Dalenbäck J, Andersson C, Ribokas D et al. (2013): Rimbäck G. Long-term follow-up after elective adult umbilical hernia repair: low recurrence rates also after non-mesh repairs. Hernia; 17:493–497.
· de Vries Reilingh T, van Goor H, Rosman C et al.(2003): "Components separation technique" for the repair of large abdominal wall hernias. J Am Coll Surg; 196:32.
· DeMaria E, Moss J and Sugerman H. (2000): Laparoscopic intraperitoneal polytetrafluoroethylene (PTFE) prosthetic patch repair of ventral hernia. Prospective comparison to open prefascial polypropylene mesh repair. Surg Endosc; 14:326.
· Ellis H. (2007): Applied anatomy of abdominal incisions. Br J Hosp Med (Lond); 68:M22.
· Flament J. (2006): [Functional anatomy of the abdominal wall]. Chirurg;    77:401.
· Gardner G, Josephs L, Rosca M et al. (1994): The retroperitoneal incision. An evaluation of postoperative flank 'bulge'. Arch Surg; 129:753.
· Gonzalez R, Rehnke R, Ramaswamy A et al. (2005): Components separation technique and laparoscopic approach: a review of two evolving strategies for ventral hernia repair. Am Surg; 71:598.
· Gray S, Hawn M and Itani K. (2008): Surgical progress in inguinal and ventral incisional hernia repair. Surg Clin North Am; 88:17.
· Keith M. (1998): The developing human, in clinically oriented embryology. Published by N.B. Saunders Company, London 4th ed. P 6.

· Klinge U, Prescher A, Klosterhalfen B et al. (1997): Entstehung und Pathophysiologie der Bauchwanddefekte. Chirurg; 68:293–303. 
· Krupski W, Sumchai A, Effeney D et al. (1984): The importance of abdominal wall collateral blood vessels. Planning incisions and obtaining arteriography. Arch Surg; 119:854.
· Kulacoglu H, Yazicioglu D and Ozyaylali I. (2012):  Prosthetic repair of umbilical hernias in adults with local anesthesia in a day-case setting: a comprehensive report from a specialized hernia center. Hernia; 16:163–170. 
· Kurzer M, Belsham P and Kark A. (2004):  Tension-free mesh repair of umbilical hernia as a day case using local anaesthesia. Hernia; 8:104–107. 
· Lang B, Lau H and, Lee F. (2002): Epigastric hernia and its etiology. Hernia; 6:148.
· Langer K, Cleavage of, the curia et al. (1973): Presented at the Meeting of the Royal Academy of Sciences, April 25, 1861. Clin Orthop; 91:3.
· Matthews B, Pratt B, Pollinger H et al. (2003): Assessment of adhesion formation to intra-abdominal polypropylene mesh and polytetrafluoroethylene mesh. J Surg Res; 114:126.
· Meier D, OlaOlorun D, Omodele R et al. (2001): Incidence of umbilical hernia in African children: redefinition of "normal" and reevaluation of indications for repair. World J Surg; 25:645.
· Mwachaka P, Saidi H, Odula P et al. (2010): Locating the arcuate line of Douglas: is it of surgical relevance? Clin Anat; 23:84.
· Nahas F, Augusto S and Ghelfond C. (1997): Should diastasis recti be corrected? Aesthetic Plast Surg; 21:285.
· Petersen S, Henke G, Zimmermann L et al. (2004): Ventral rectus fascia closure on top of mesh hernia repair in the sublay technique. Plast Reconstr Surg; 114:1754.
· Ranney B. (1990): Diastasis recti and umbilical hernia causes, recognition and repair. S D J Med; 43:5.
· Rosen MJ, Williams C, Jin J et al. (2007): Laparoscopic versus open-component separation: a comparative analysis in a porcine model. Am J Surg; 194:385.
· Rozen W, Ashton M and, Taylor G. (2008):  Reviewing the vascular supply of the anterior abdominal wall: redefining anatomy for increasingly refined surgery. Clin Anat; 21:89.
· Rutkow I. (1998):  Epidemiologic, economic, and sociologic aspects of hernia surgery in the United States in the 1990s. Surg Clin North Am; 78:941–951. 
· Sanjay P, Reid T, Davies E et al. (2005): Retrospective comparison of mesh and sutured repair for adult umbilical hernias. Hernia; 9:248–251. 
· Schmidbauer S, Ladurner R, Hallfeldt K et al. (2005): Heavy-weight versus low-weight polypropylene meshes for open sublay mesh repair of incisional hernia. Eur J Med Res; 10:247.
· Schneiderman B and Bomze E. (1967):   Paresthesias of the lateral femoral cutaneous nerve after pelvic surgery.  Am Surg.; 33(1):84.
· Seker G, Kulacoglu H, Oztuna D et al. (2014): Changes in the frequencies of abdominal wall hernias and the preferences for their repair: a multicenter national study from Turkey. Int Surg.; 99:534–542. 
· Shiffman M and Mirrafati S. (2005): Aesthetic surgery of the abdominal wall. Anatomy p 1:28.
· Sippo W, Burghardt A and, Gomez A. (1987): Nerve entrapment after Pfannenstiel incision. Am J Obstet Gynecol 1987; 157:420.
· Skandalakis J and Gray S. (1996): Hernias, surgical anatomy and technique.  The Embryological and Anatomical Basis of Surgery.


· Snyder C. (2007): Current management of umbilical abnormalities and related anomalies. Semin Pediatr Surg; 16(1):41–9
· Stulz P and Pfeiffer K. (1982): Peripheral nerve injuries resulting from common surgical procedures in the lower portion of the abdomen. Arch Surg; 117:324.
· Tobin C and Benjamin J. (1949): Anatomic and clinical re-evaluation of Camper's, Scarpa's, and Colles' fasciae. Surg Gynecol Obstet; 88:545.
· Tokita K. (2006): Anatomical significance of the nerve to the pyramidalis muscle: a morphological study. Anat Sci Int; 81:210.
· Whiteside J, Barber M, Walters M et al. (2003): Anatomy of ilioinguinal and iliohypogastric nerves in relation to trocar placement and low transverse incisions. Am J Obstet Gynecol; 189:1574.
· Williams T, Hardaway M and, Altuna B. (2005): Ambulatory abdominoplasty tailored to patients with an appropriate body mass index. Aesthet Surg J; 25:132.
· Witherspoon P and O’Dwyer P. (2005): Surgeon perspectives on options for ventral abdominal wall hernia repair: results of a postal questionnaire. Hernia; 9:259–262. 
· Wong V, Bhatt K, Vial I et al. (2010): Beyond Langer's Lines: Manipulating wound mechanical forces to control hyperochic scar formation in the red Duroc pig. J Am Coll Surg; 211:S77.
الملخص العربي
يعد فتق جدار البطن وخصوصا الفتق الجار سرى أشهر أنواع الفتق وتهدف هذه الرساله لمعرفه التغيرات الديناميكيه التى تحدث فى جدار البطن للمريض  بعد اصلاح الفتق بالطرق الجراحيه المختلفه. 
وتشمل هذه الرسالة 40 مريض بالفتق الجار سرى ذو الحجم الصغير والمتوسط

ويتم اختيار نصف المرض  عشوائيا لاصلاح الفتق بالطريقه المعتاده(اصلاح الفتق وعمل تضيق للمسافه بين العضلات ووضع الشبكه الجراحيه) والنصف الاخر يتم تصليح الفتق بطريقه السداده الجراحيه بالشبكه.

ويتم عمل اشعه مقطعيه للمرضى  قبل وبعد العمليه فى وضع السكون ووضع الحزق لمتابعه التغيرات التى تطرا على حركه العضلات قبل وبعد العمليه ووجد ان:

كلاهما يحسن شكل البطن ويحسن التغيرات التى تحدث فى منطقه السره من حيث عرض العضلات الكلى ،ويتحسن الطول الكلى للعضلات وتقل زاويه التمدد مقارنه بقبل العمليه وكذالك المسافه بين عضلات البطن على الناحيه اليمنى واليسره .
وبمقارنه التغيرات الحركيه وجد ثلاثه انواع :

بعض التغيرات تعود الى الوضع الطبيعى من حيث المسافه بين العضلات على الجانبين وسمك العضلات الجانبيه.

والبعض الاخر لا تتغير عن وضع الفتق من حيث المحور العرضى للعضلات ولاتقل طول القطعه العضليه الثالثه والرابعه .

والبعض يحدث له تغيرات جديده لم تلاحظ فى الاشخاص السليمه او مرضى الفتق مثل لايحدث زياده فى المسافه بين القطعه العضليه الثالثه والرابعه.
ومماسبق وجد ان طريقه السداده الجراحيه تحفاظ على العضلات الخارجيه كما يحدث فى الاشخاص الطبيعيون  مقارنه بالطريق التقليديه.
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مقارنة التغيرات فى شكل جدار البطن بعد اصلاح الفتق الجار سرى ببعض الطرق المختلفه لتثبيت الشبكات الجراحيه.
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