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INTRODUCTION

    In abdominal surgery, properly chosen incision, correct method of making

incision and  closure of such wounds are factors which play an important role.  

Abdominal wound closure remains a procedure that often reflects a surgeon’s 

personal preference with a reliance on traditional and anecdotal experience. The value 

of a particular abdominal wound closure technique may be measured by the incidence 

of early and late wound complications, and the best abdominal closure technique 

should be fast, easy, and cost effective, while preventing both early and late 

complications11 . It should be comfortable to the patients and should leave a 

reasonably aesthetic scar.

                Since the beginning  of abdominal surgery, surgeons have preached the 

usefulness and importance of meticulous layer-by-layer closure of the abdominal wall 

and which also had a strong aesthetic appeal. Till recently, the layer-by layer closure 

of the abdominal wall was thought to be the ideal method. In recent times, 

experimental and clinical studies have been demonstrating that for midline incisions, 

mass closure technique is much superior to the layer by layer closure. An ideal wound 

closure technique has to be free from complications of wound infection, incisional 

hernia, burst abdomen, persistent sinuses, ugly scar etc.  The suture technique affects 

both early and late wound complications.

         



A dilemma always exists for the surgeon  to choose between the two 

techniques of abdominal wound closure . We have undertaken this study to evaluate 

and compare the efficacy of mass closure and layered closure and their influence on 

wound healing.

            In this study, we have made an analysis between layered closure and mass 

closure of midline laparotomy incisions taking into account the postoperative wound 

complications, time taken for each procedure and wound strength.

            In the technique of layer by layer closure, all the anatomical structures of the 

abdominal wall are sutured with their counterparts in different layers. Although a 

perfectly placed  midline  incision  will  reveal  only  one  layer  for  closure ( the  

fused  linea  alba of  rectus  sheath ), this is rarely  the case  and  on  each  side  

both  anterior  and  posterior  rectus  sheath  is  often  visible1 . In the technique 

of mass closure all layers except skin are closed in one layer. Skin is sutured 

separately with interrupted sutures or staplers.



AIM OF  THE   STUDY

The  main  aim  of  the  study  is            

 To  study  the  abdominal  closure  methods.

 To  compare  single  layer  mass  closure  and   multilayered   closure  in  

midline  abdominal  incisions.

 To  evaluate  the  benefits  and  complications  of  single  layer  mass  

closure  and   multilayered  closure  of  midline  laparotomy  wounds.



                          REVIEW OF LITERATURE

  HISTORICAL REVIEW ON ABDOMINAL CLOSURES IN MIDLINE INCISIONS

Smead performed in 1900 what is believed to be the first far-near closure of 

the abdomen.. In 1941, Jones and associated reported only 1 burst abdomen in 81 

operation after steel wire closure with interrupted mass ‘far and near’ sutures 

incorporating all layers of the abdominal. The technique often referred to in the 

United States as the Smead Jones method11.

Dambrin reported the decreased incidence of wound evisceration with a mass layer 

technique in  193718.

          A study carried out at Clevealnd clinic by Hoerr et al indicated in 1951 that 

there was little to choose between the abdominal incision closed with mass closure 

technique and that closed in layers in so far as the immediate postoperative 

complication and postoperative pain were concerned though mass closures were 

simpler  to execute and required only three fourths as much time as a layered 

closure19.

A single layer wire closure of abdominal incisions was used by Spencer and 

sharp in a group of 293 patients. The authors concluded (in 1963) that single layer 

closure was a reliable and effective method for incisions in which deficient wound 

healing was expected20 .

             Experimental studies by Higgins et al (1969) showed that abdominal incisions 

closed by mass suture technique had greater strength than those closed with 

conventional layer method .



In an experiment analysis by Dudley in 1970, it was concluded that mass 

closure was more resistant to disruption in the early period and did not seem to be at a 

disadvantage when healing was nearly complete12 .

Kirk, in 1972, presented a comparative study of vertical laparotomy wound 

closure, using chromic catgut by conventional layer technique in 540 cases (method 

1) and closure in single layer with monofilament nylon (method 2) in 327 cases. The 

difference in the rate of burst abdomen observed in his series after method 1(3.88%) 

and method 2(.31%) was highly significant as it was more than three times the 

standard error of the difference between the two rates(1:10)4 .

Goligher et al in 1975 conducted a controlled clinical trial of three methods of 

closing laparotomy wounds and concluded that “mass suture with wire was probably 

the most secure method of abdominal wound closure”5 .

Nayman, in 1976, conducted a prospective study consisting of 616 cases to 

evaluate the technique of mass single layer closure of abdominal wounds. Complete 

wound breakdown occurred in two patients (3%) and partial wound breakdown 

occurred in two patients (.3%) , a total incidence of .6% 6.

Irvin et al conducted a prospective clinical study  on abdominal wound healing 

involving 200 patients. The patients were randomly allocated to a layered closure or 

mass closure. They concluded in 1977 that the incidence of incisional hernia and 

wound dehiscence were similar after the two methods of abdominal wound closure7.

Pollack et al conducted a prospective randomized trial involving 305 patients 

and concluded in 1979 that laparotomy closure by a single continuous layer of sutures 

was satisfactory8.



Wallace et al in 1980 concluded that mass closure of midline abdominal 

wounds using Smead Jones technique was superior to layered closure in prevention of 

wound disruption9.

Bucknall T E et al in 1983 recommended single layer abdominal wound 

closure technique as a routine, particularly in poor risk patient and contaminated 

wounds10.

Shepherd JH et al after a prospective study involving 200 patients concluded 

in 1983 that continuous 1-layer abdominal closure method was simple, timesaving, 

and successful and that it carried a low complication rate for patients at high risk for 

postoperative evisceration21 .

A randomized controlled clinical trial conducted by Ausobsky et al in 1985 

concluded that layered closure of a paramedian incision resulted in a lower incidence 

of incisional hernia than mass closure of a midline incision22 .

S.B. Sharma et al conducted a comparative study of two different techniques 

of abdominal wound closure. One was single layer closure and the other was the 

conventional layered closure technique. They concluded in 1986 that single layer 

closure technique was superior because it was easy, saved time and was associated 

with lesser postoperative complications as compared to conventional layered closure

technique23 .

           Taube M et al after a prospective study concluded in 1987 that the rate of 

wound dehiscence in jaundiced patients could be much reduced using the mass 

closure technique24.



Nasher studied 112 patients and reported in 1988 that single layer closure of 

laparotomy wounds was more effective than classical layered closure25 .

           Wadstrom and Gerdin in a clinical review in 1990 recommended that the 

abdomen should be closed with a continuous mass closure technique using a 

monofilament suture27 ..

Israelsson and Jonsson in 1993 in a prospective clinical trial involving 454 

patients concluded that the suture length to wound length ratio was an important 

parameter for healing of midline incisions closed with a continuous suture technique 

and the incidence of incisional hernia was lower when such wounds were sutured with 

a ratio ≥429 .

S.K.Choudhury and S.DChoudhury from March 1989 to September 1990 

conducted a prospective clinical study involving 160 patients who underwent 

laparotomy. 80 Patients had their abdomen closed in a single layer and 80 patients had 

their abdomen closed in layers. They concluded in 1994 that minimal complication 

and  good patient compliance seemed to justify the use of mass closure in place of 

layer closure in all types of abdominal operations30 .

Carlson et al did a prospectively study of the closure of midline laparotomies. 

A total of  1000 patients were included. They concluded in 1995 that running mass 

closure of a vertical midline abdominal wound was not associated with an excessive 

incidence of wound complications or ventral hernia31.

In a prospective study involving 403 patients Sivam NS et al reported in 1995 

that the Smead-Jones technique of midline laparotomy closure had very low 



incidences of early and late complications and was superior to other conventional 

methods of closure32 .

Shittu OS et al after a retrospective study concluded in 1995 that abdominal 

closure using a mass – closure technique had the advantages of low-cost, speed and 

safety and advocated that it be used on all high – risk abdominal wounds  

Weiland DE et al after a meta-analysis of 12,249 patients conclude in 1998 

that mass closures were superior to layered closures34 .

Hodgson et al after a Meta analysis of articles published from 1966 to 1998 

concluded in 2000 that abdominal fascial closure with a continuous non-absorbable 

suture had a significantly lower rate of incisional hernia and that the ideal suture was 

non absorbable and the ideal technique was continuous35 .

A Meta analysis of the techniques of closure of abdominal midline 

fascia was conducted by Rucinski et al. They analyzed prospective randomized 

studies published between 1980 and 1998. They concluded in 2001 that a continuous 

mass closure with absorbable monofilament suture material was the optimal technique 

for fascial closure after laparotomy37 .

                                        



SURGICAL ANATOMY

The abdomen can be defined as the part of the trunk that lies between the 

thorax and the  pelvis .

It is a flexible, dynamic container, housing most of the organs of the digestive 

system and part of the urogenital system. Superiorly, the abdominal wall is formed by 

the diaphragm, which separates the abdominal cavity from the thoracic cavity.  

Inferiorly, the abdominal cavity is continuous with the pelvic cavity through the 

pelvic inlet.  Anteriorly, the abdominal wall is formed above by the lower part of the 

thoracic cage and below by the rectus abdominis, external oblique, internal oblique 

and transversus abdominis muscles and fasciae. Posteriorly, the abdominal wall is 

formed in the midline by the five lumbar vertebrae and their intervertebral discs. 

Laterally, it is formed by the twelfth rib, the upper part of the bony pelvis, the psoas 

muscles, the Quadratus lumborum muscles, and the aponeurosis of the origin of the 

transversus abdominis muscles.

STRUCTURE OF THE ANTERIOR ABDOMINAL WALL:

The anterior abdominal wall extends from the costal margins and xiphoid 

process superiorly to the iliac crests, pubis and pubic symphysis inferiorly. It overlaps 

and is connected to both the posterior abdominal wall and paravertebral tissues. It 

forms a continuous but flexible sheet of tissue across the anterior and lateral aspects 

of the abdomen. The anterior abdominal wall is made up of skin, superficial, deep 

fascia, muscles, extraperitoneal fascia and parietal peritoneum.



Skin:

The skin is loosely attached to the underlying structures except at the 

umbilicus where it is tethered to the scar tissue.

Superficial Fascia:

The superficial fascia cab be divided into a superficial fatty layer (fascia of 

camper) and a deep membranous layer (Scarpa’s fascia)13.

The superficial and deep layers of the superficial fascia have little surgical 

relevance except where the deep layer fuses with the fascia of the thigh below the 

inguinal ligament.  There is no such fusion with the fascia of the penis and scrotal 

contents and so blood from incisions in the abdominal wall sometimes tracks 

downwards and causes swelling and discolouration of the skin of the scrotum and 

penis postoperatively14.

Deep Fascia:

The Deep fascia in the anterior abdominal wall is merely a thin layer of 

connective tissue covering the muscles.



                       Fig.   1  Anterior abdominal wall musculature

                          Fig .2     Anterior abdominal wall  rectus exposed



Fig.3  Transverse section through the upper three-quarters of the rectus sheath

Fig. 4 Transverse section through the lower one-quarter of the rectus sheath.



Fig .5 Transverse section of  of the abdomen demonstrates various aspects of 

the wall and its components.

Muscles of abdomen:

The  muscles of the anterior abdominal wall consist of three broad thin sheets 

that are aponeurotic in front. From exterior to interior they are the external oblique, 

internal oblique and transverses abdominis.  On either side of the midline anteriorly is 

, in additioin, a wide vertical muscle, the rectus abdominis.  As the aponeurosis of the 

three sheets pass forward, they enclose the rectus abdominis to form the rectus sheath.  



The lower part of the rectus sheath might contain a small muscle called the 

pyramidalis13.

External Oblique muscle:

The muscle arises by eight digitations, one from each of the lower eight ribs 

just lateral to their anterior extremities. The lower four slips unterdigitate with the 

costal fibres of latissimus dorsi and the upper four with the digitations of serratus 

anterior.  From its fleshy origin the muscle fans out to a very wide insertion, much of 

which is aponeurotic.  The muscle has a free posterior border, which extends from the 

twelfth rib to its insertion as fleshly into the anterior half of the outer lip of the iliac 

crest. Muscular fibres are replaced by an aponeurosis below a line joining the anterior 

superior iliac spine to the umbilicus, and medial to a vertical line drawn from the tip 

of the ninth costal cartilage.  The aponeurotic fibres directed obliquely downwards 

and forwards, interdigitate with each other across the front of the rectus abdominis 

along the whole length of the linea alba. The free horizontal upper border of this 

aponeurosis  extends from the fifth rib to the xiphisternum. The lower border lying 

between the anterior superior iliac spine and the pubic tubercle forms the inguinal 

ligament.

Internal Oblique muscle:

Fleshy fibres of the muscle arise from the whole length of the lumbar fascia, 

from the intermediate area of the anterior two-thirds of the iliac crest and from the 

lateral two-thirds of the inguinal ligament. From the lumber fascia the muscle fibres 

run upwards along the costal margin, to which they are attached, becoming 

aponeurosis  splits around the rectus muscle, the two layers rejoining at the linea alba.  

Halfway between the umbilicus and the pubic symphysis the posterior layer ends in a 



curved free margin, the arcuate line. Below this point, the aponeurossis passes wholly 

in front of the rectus muscle, to the linea alba. The muscle fibres that arise from the 

inguinal ligament are continued into an aponeurosis that is attached to the crest of the 

pubic bone and more laterally to the pectineal line.  This aponeurosis is fused with a 

similar arrangement of the transversus aponeurosis to form the conjoint tendon.

Transversus Abdominis muscle:

The muscle arises in continuity from the lateral third of the inguinal ligament, 

the anterior two thirds of the inner lip of the iliac crest, the lumbar fascia, the twelfth 

rib, and from the inner aspects of the lower six costal cartilages where it interdigitates 

with the diaphragm.  The muscle fibres become aponeurotic and pass behind the 

rectus to fuse with the internal oblique aponeurosis into the linea alba. Below the 

arcuate line the aponeurosis passes wholly in front of the rectus muscle.

Rectus Abdominis muscle:

It arises by two heads: a medial from in front of the pubic symphysis and 

lateral from the upper border of the pubic crest.  The two muscles lie edge to edge in 

the lower part, but broaden out above, and are there separated from each other by the 

linea alba.  They are inserted on to the front of the fifth to seventh costal cartilages. 

Typically three tendinous intersections are found in the muscle, one at the umbilicus, 

one at the xiphisternum, and one between these two.  The tendinous intersection blend 

inseparably with the anterior layer of the rectus sheath.

The small triangular pyramidalis muscle arises from the pubis and the symphysis 

between rectus abdominis and its sheath. It converges with its fellow into the line 

4cms or so above it origin15.



Rectus sheath:

The rectus sheath is believed to be rather more complex in its formation than 

was previously held to be the case. However, its formation is of little consequence to 

the surgeon and the essential features remain time-honoured.

Thus, above there is no sheath posteriorly, the muscle lying directly on the costal 

cartilages, and anteriorly it is formed by the external oblique only.  Then from the 

point where the muscle passes below the costal margin to a variable point below the

umbilicus the sheath has both anterior and posterior layers: the anterior layer is made 

up of the external oblique aponeurosis and the anterior lamina of the internal oblique 

aponeurosis, while the posterior layer is made up of the posterior layer of the internal 

oblique oponeurosis and the transversus aponeurosis. At some point below the 

umbilicus the posterior layer passes in front of the rectus muscle to fuse with the 

anterior layer. The free edge of the sheath behind the rectus muscle is called the

arcuate line14.

Table  A. Muscles of anterior abdominal wall



Linea Alba:

                 The linea alba is a tendinous raphe extending from the xiphoid process to 

the symphysis pubis and pubic crest. It lies between the two recti and is formed by the 

interlacing and decussating aponeurotic fibres of external oblique, internal oblique 

and transversus abdominis. It is visible only in the lean and muscular, as a slight 

groove in the anterior abdominal wall. A fibrous cicatrix, the umbilicus, lies a little 

below the midpoint of the linea alba, and is covered by an adherent area of skin. 

Below the umbilicus, the linea alba narrows progressively as the rectus muscles lie 

closer together. Above the umbilicus, the rectus muscles diverge from one other and 

the linea alba is correspondingly broader. The linea alba has two attachments at its 

lower end: its superficial fibres are attached to the symphysis pubis, and its deeper 

fibres form a triangular lamella that is attached behind rectus abdominis to the 

posterior surface of the pubic crest on each side. The linea alba is crossed from side to 

side by a few minute vessels.

Fascia Transversalis:

The Fascia transversalis is a thin layer of fascia that lines the transversus 

abdominis muscle and is continuous with a similar layer lining the diaphragm and the 

iliacus muscle.

Extrapertoneal Fat:

Extraperitoneal fat is thin layer of connective tissue that contains a variable 

amount of fat and lies between the fascia transversalis and the parietal peritoneum.

Parietal Peritoneum:

The walls of the abdomen are lined with parietal peritoneum. This is a thin 



serous membrane and is continuous below with the parietal peritoneum lining the 

pelvis13.

NERVE SUPPLY OF THE ANTERIOR ABDOMINAL WALL MUSCLES:

The rectus muscle and external oblique are both supplied by the lower 

intercostals and subcostal nerves (T7-T12), the internal oblique and transversus by 

those same nerves but with the addition of the iliohypogastric and ilioinguinal nerves 

(LI) Pyramidalis is supplied by the subcostal nerve (T12)

ARTERIES OF THE ANTERIOR ABDOMINAL WALL:

      Superior epigastric artery, one of the terminal braches of internal thoracic artery 

supplies the upper central part of the anterior abdominal wall and anastomoses with 

the inferior epigastric artery.  Inferior epigastric artery, a branch of external iliac 

artery supplies the lower central part of the anterior abdominal wall. The deep 

circumflex iliac artery, a branch of external iliac artery supplies the lower lateral part 

of the abdominal wall. Lower two posterior intercostals arteries, branches of the 

descending thoracic aorta and four lumbar arteries supply the lateral part of the 

abdominal wall13.

VEINS OF THE ANTERIOR ABDOMINAL WALL:

The superficial veins form a network that radiates out from the umbilicus. 

Above, the network is drained into the axillary vein via the lateral thoracic vein and 

below, into the femoral vein via the superficial epigastric and great saphenous veins. 

The deep veins of the abdominal wall, the superior epigastric, and deep circumflex 

iliac vein, follow the arteries of the same name and drain into the internal thoracic and 



external iliac veins. The posterior intercostals veins drain into the azygos veins, and 

the lumbar veins drain into the inferior vena cava.

LYMPH DRAINAGE OF THE ANTERIOR ABDOMINAL WALL:

Superficial lymph vessels from the skin of the anterior abdominal wall above the level 

of umbilicus drain upwards to the anterior axillary (pectoral) group of nodes. Below

the level of umbilicus, the lymph drains downwards and laterally to the superficial 

inguinal nodes. The deep lymph vessels follow the arteries and drain into the internal 

thoracic, external iliac, posterior mediastinal and para-aortic  (lumbar) nodes14 .

                                         



WOUND HEALING

THE ELEMENTS OF HEALING:

Three distinct processes contribute to the process of wound healing.

Epithelialization:

This is a  process by which the surface covering of the wound is restored by a 

combination of cell migration and multiplication. The stimulus for epithelial repair is 

unknown.  The  loss of contact between cells undoubtedly plays a part. When an area 

is denuded of epithelium, the marginal cells divide and migrate across the bare area. 

The activity ceases when epithelial contact is re-established.  There is also evidence 

that the loss of the epithelial cover is associated with a fall in the level of a local 

inhibitory hormone or chalone that is synthesized by the epithelial cells. 

Epithelialization proceeds most rapidly in a most highly oxygenated environment.

Contraction:

This is the process by which the edges of an open wound gradually close 

together. It is a form of tissue migration that involves the entire thickness of the skin 

and subcutaneous tissues. It therefore proceeds most readily in areas where the skin is 

loose, such as the buttocks and the back of the neck. Contraction is due to forces 

exerted by specialized fibroblasts in the wound. These cells have contractile elements 

in their cytoplasm and are known as myofibroblasts. The process of contraction is 

physiological and must be distinguished from the pathological process of scar 

contracture or cicatrisation that causes distortion and limitation of movement.



Connective tissue formation:

This is the process by which the main body of the wound is united.  It plays a 

fundamental role in all but the most superficial injuries, and the strength of the wound 

following surgery is dependent on it. Connective tissue formation is the most 

important element of the three components, and many studies of wound healing are 

simply an examination of this component in isolation.

PHASES OF HEALING:

Early Wound Healing Events:

The primary activities involved in the early phase of healing are inflammation 

and the creation of haemostasis.

In all injuries that penetrate the epidermis, blood vessels are disrupted, 

resulting in haemorrahage. Haemostasis must be the first goal achieved in the healing 

process. Haemostasis is created primarily by aggregated platelet and fibrin. Cellular 

damage occurs with any injury, and this initiates an inflammatory response. The 

inflammatory response  triggers event that have implication for the entire healing 

process. Immediately after injury intense vasoconstriction of arterioles and capillaries 

occurs. Vasoconstriction reverse after 10-15 minutes and is replaced by 

vasodilatation. Gaps form between endothelial cells resulting in increased vascular 

permeability. Plasma passively leaks through the gaps from the intravascular space to 

the extravascular compartment. Inflammatory cells migrate into the wound with 

neutrophils initially predominating. At 48-72 hours, macrophages begin to outnumber 

neutrophils. Large numbers of macrophages remain in the wound for several days. 



This is critical in that macrophages, unlike neutrophils are essential for normal 

healing.

Intermediate Wound Healing Events:

Intermediate wound healing events include mesenchymal cell chemotaxis, 

mesenchymal cell proliferation, angiogenesis and epithelialsation.

These processes predominate 2-4 days after wounding, Fibroblasts are the 

primary mesenchymal cells involved in wound healing, although smooth muscle cells 

are also involved. Fibroblasts normally reside in dermis and are damaged by 

wounding. Undifferentiated mesenchymal cells in the area may subsequently 

differentiate into fibroblasts when stimulated by macrophage products.

The mesenchymal cell population in a wound is augmented further by 

proliferation of both resident and newly arrived cells. Platelet  derived growth factor 

is a potent mitogenic stimulus for both fibroblasts and smooth muscle cells.  

Angiogenesis reconstructs the vasculature in areas where it has been damaged

wounding. Small capillary sprouts initially develop on venules at the periphery of 

devascularised area. As capillary sprouts grow with endothelial cell proliferation, the 

cells develop a curvature that results in a lumen. The capillary spouts continue to 

grow until they come in contact with other sprouts from other directions. The sprouts 

then interconnect forming a vascular loop, and the sprouting process begins anew. 

Cytokines directly and indirectly stimulate the endothelial cell migration and 

proliferation required for angiogenesis. After injury the process of epithelial renewal 

is called epithlialization. The sequence of events that comprise epthelialization 

include cellular detachment, migration, proliferation and differentiation. In the first 24 

hours after injury, thickening of basal cell layer begins; marginal basal cells then 



elongate, detach from the underlying basement membrane and  migrate into the 

wound. They migrate essentially as a monolayer across the denuded area. Epithelial 

cell proliferation contributes new cells to the advancing epithelial monolayer. Cells 

migrate until they reach cells migrating from a different direction. At that point 

contact inhibition is re-established and migration ceases.  Cells of the monolayer then 

differentiate into more basal like cells.  Cellular proliferation continues in the new 

basal cells, as a multilayered epidermis is re-established .

Late wound Healing Events:

Central events of the late phase of healing include the synthesis of collagen 

and other matrix proteins and wound contraction.

Collagen is synthesized primarily by fibroblasts in a complex process that 

beings 3-5 days after injury. The rate of collagen synthesis increases rapidly and 

continues at an accelerated rate for 2-4 weeks in most wounds.

Mature extra cellular connective tissue matrix contains components other than 

collagen, including proteoglycans, attachment proteins such as fibronectin and elastin. 

Chondroitin sulphate, Dermatan sulphate, heparin sulphate and hyaluronic acid are the 

more common proteoglycans. Wound contractions, like collagen synthesis begins 4-5 

days after wounding and represents the centripetal movement of the wound edge 

towards the centre of the wound. Wound contraction is a trivial component in the 

healing of a closed incision wound, whereas it is a major contributor to the healing of 

a full thickness open wound.



Terminal Wound Healing Events:

Scar remodeling is the hallmark of the terminal period of healing.  

Approximately 21 days after injury, net accumulation of collagen becomes stable. 

During terminal wound healing continual turnover of collagen molecules occurs as 

old collagen is broken down and new collagen is synthesized in a denser, more 

organized fashion along stress lines16.

During the period of scar remodeling the number of intra and inter molecular 

cross links between the collagen fibres increases dramatically. This increase in cross 

linking is a major contributor to the increase in wound breaking strength. Remodeling 

continues over a period of nearly 12 months.

WOUND STRENGTH:

The recovery of strength has obvious clinical significance and has proved to 

be one of the most useful indicators of the progress of repair. Early studies of wound-

breaking strength showed that the apparently well-healed wound was still remarkably 

weak. Skin and scar tissue are complex viscoelastic materials that cannot be fully 

characterized unless tensile strength and extension (stretch) are recorded 

simultaneously. It was demonstrated in the early 1950s that the healing process of 

abdominal fascia  after surgical incision continues for 9 to 12 months .Abdominal 

fascia regains only 51% to 59% of its original tensile strength at 42 days, 70% to 80% 

at 120 days, and 73% to 93% by 140 days. Tensile strength never rises to higher than 

93% of the strength of unwounded fascia.

PATIENT FACTORS AFFECTING WOUND HEALING:

Wound healing does not always occur in the undisturbed fashion. Both local 

and systemic factors have the capability of interfering with healing. 



Local Factors:

Local factors which can interfere with healing include infection, foreign body, 

Tissue hypoxia, Vascular insufficiency, Radiation damage, local toxins, Cigarette 

smoke etc.

Sepsis:

Local infection is perhaps the most important cause of delayed wound healing 

and wound healing and wound dehiscence. Collagen is depressed and collagenolysis 

increased thereby enhancing softening of the wound edges. This adversely affects the 

strength of the repair and makes cutting out of the sutures more likely

Hypoxia and Smoking:

Delivery of oxygen to healing tissues is critical for prompt wound repair. 

Oxygen is necessary for cellular respiration and for hydroxylation of proline and 

lysine residues. Adequate tissue oxygenation requires an adequate circulating blood  

volume, adequate cardiac function and adequate local vasculature. Vascular disorders 

may be systemic because of peripheral vascular disease or they may be localized 

because of scarring from trauma or prior surgery. Anaemia  is not associated with 

impaired healing unless the anaemia is serve enough to limit the circulating blood 

volume..

Smoking can impair tissue oxygenation because it acutely stimulates 

vasoconstriction and contributes to the developments of atherosclerosis and vascular 

disease over time. Three to six percent of cigarette  smoke is carbon monoxide, which 

binds to heamoglobin, producing carboxy-haemoglobin. Smokers have 

carboxyhaemoglobin levels between 1% and 20% .Carboxyhaemoglobin limits the 



oxygen carrying capacity of the blood and increases platelet adhesiveness. Increased 

carboxyhaemoglobin levels also produce endothelial changes.

Radiation:

Radiation damages the deoxyribonucleic acid (DNA) if cells in exposed  areas. 

Some cells die, whereas others are rendered incapable of undergoing mitosis. When 

radiation is administered therapeutically, does are fractionated and tangential fields 

are used to limit damage to normal cells and maximize tumor cell damage. In spite of 

such techniques, normal cells are damaged by radiation.

Radiation therapy initially produces inflammation and desquamation in dose 

dependent fashion. After a course of radiation has been completed, healing ensues if 

surrounding normal tissues have not been irreparably damaged. Additional cells must 

migrate into the treated area for adequate healing to occur. Fibroblasts that migrate 

into irradiated tissue are often abnormal because of radiation exposure. These cells are 

characterized by multiple vacuoles, irregular rough endoplasmic reticulum, 

degenerating mitochondria and cytoplasmic crystalline inclusion bodies.  Increased 

levels of inflammatory mediators contribute to an abnormal healing response. 

Collagen is synthesized to an abnormal degree in irradiated tissue, causing a 

characteristic fibrosis. The media of dermal blood vessels in irradiated areas thickens 

and some blood vessels become occluded, resulting in a decrease in the total number 

of blood vessels. Superficial telangiectasias may be seen. The epidermis becomes 

thinned and pigmentation change often develops. Irradiated skin is dry because of 

damage to sebaceous and sweat glands and it has little hair. The epidermal basement 

membrane is abnormal and nuclear atypia is common in keratinocytes.



        In previously irradiated tissue, abnormal healing after wounding is predictable. 

The decreased vascularity and increased fibrosis limits the ability of platelets and 

inflammatory cells to gain access to wounds in the area. The quantity of cytokines 

released is therefore limited. This relative cytokine deficiency causes impairment of 

essentially all cellular aspects of healing. Damaged fibroblasts and keratinocytes in 

the area may not respond normally to stimulants. Because of its diminished blood 

supply, irradiated tissue is predisposed to infection, which can further slow the 

healing process. Clinically, impairment in healing is manifested by a higher rate of 

complication when an operation is done in irradiated tissue.

Systemic Factors:

The elderly have been shown to heal less efficiently than younger individuals.

Diabetes:

Diabetes mellitus is also associated with impaired healing. This diabetes-

induced healing impairment has been demonstrated experimentally in several models 

as well. Diabetes is associated with impaired neutrophil, chemotaxis and phagocytic 

function and these changes predispose to infection. Diabetes is also associated with 

accelerated atherosclerosis, which renders tissues relatively hypoxic and impairs 

healing. Diabetes peripheral neuropathies can cause an individual to be more

susceptible to pressure-induced ulcerations. The diabetes – induced healing 

impairment may be improved by controlling hyperglycemia with insulin.

Cancer:

Impaired healing  must be anticipated in cancer patients because of the many 

potential alteration in metabolism and immune function.



Malnutrition:

Adequate amounts of protein, carbohydrates, fatty acids, vitamins and other 

nutrients are required for wounds to heal. Malnutrition frequently contributes to 

suboptimal healing. Hypoproteinemia inhibits proper wound healing by limiting the 

supply of critical amino acids required for the synthesis of collagen and other 

proteins. Collagen synthesis essentially stops in the absence of protein intake, 

resulting in impaired healing. Arginine and glutamine appear to be particularly 

important amino acids. Cystine residues are found in the nonhelical portion of the 

peptide chain associated with procollagen, and in their absence, the proper alignment 

of peptide chains into a triple helix is inhibited.

Healing of  subcutaneous  tissue in  midline  laparotomy  

         In midline  laparotomy, considering  the  subcutaneous  tissue  layer,  there are  

two layers viz. superficial  fatty  layer  of  Camper  and  deep  fatty  layer  of  Scarpa. 

More  fibroblast   and  collagen  activity  takes  place  in  deep  layer  than  the  

superficial. In  the  procedure  of  mass  closure , the  deep  layer  of  subcutaneous  

tissue  is  included  in  the  bite  along  with  other  layers. Hence  it  enhances  the  

wound  healing  and  strength.

Peritoneal  healing  

        Closure of the peritoneum has been a topic of controversy, but several points are 

now clear. The peritoneal mesothelium does not heal like skin. Rather than healing 

only from the edges toward the center of a defect, as is true of epidermis and dermis, a 

new layer arises parthenogenitcally from the exposed bed of connective tissue  



Fig. 6 Sequence of wound healing

Fig .  7  Wound  healing  around  the clock



MATERIALS AND METHODS

            The  present  study  was  carried  out  at  Coimbatore Medical College 

Hospital, from May 2010  to  October  2011  where 50 patients  underwent  both  

elective  and emergency  laparotomies  through   midline  incisions. Equal number of 

cases  (25 each) were studied  for  closure with  the  two   techniques , namely  mass  

closure and   layered closure. The patients were allotted   alternately mass and  

layered closure techniques.

            This  study  was  done  mainly  to  compare  the  two  methods  of  midline 

laparotomy  closure i.e. mass  and  layered  closure  taking  into  regard  wound 

complications { wound  infection, wound  dehiscence (burst abdomen) }, incisional 

hernia , time  taken  for  closure  and  wound  strength .

INCLUSION CRITERIA

 All  patients  (age range of 20 to 70)  with  ventral  abdominal  incision i.e.  

surgery  with  midline  incisions  undergoing  either elective or  emergency 

surgery.  All  the  patients who  were  included  in  the  study  had  their  

incisions closed  by  either  singled  layered  closure or  by  conventional  

technique  of  layered closure.

 Average  incision length  of  about  10 -12 cms.

 Surgeries  with hollow viscus  handling i.e. either  contaminated  or  clean  

contaminated  wounds.

 Emergency  cases   consisting  of  mainly duodenal  perforation closure  and  

elective  cases  mainly  comprising  TV with PGJ, partial gastrectomy  and 

cystogastrostomy  i.e. upper midline laparotomies.



EXCLUSION CRITERIA

 Any patient <20 years of age.

 Patients  undergoing  surgery, where  in   the abdomen is opened by

paramedian , transverse or other non-vertical incisions.

 Patients   who   have   undergone   previous  abdominal  surgery.

 Patients having other co-morbid  like  HT, DM, TB,COPD,HIV,jaundice etc.

        

METHODOLOGY

Detailed  history taking   was followed in all cases admitted in the wards.

Particulars regarding the diseases like hypertension, diabetes, jaundice,

tuberculosis and other chest infections were  recorded . Thorough clinical 

examination of the patients  were made and recorded, particular attention  were

given to note the anaemia, nutritional status, jaundice, and respiratory tract 

infection. A thorough preoperative  search were made to exclude anaemia, 

jaundice, uremia, diabetes mellitus, malnutrition or obesity. However, in emergency 

cases only the investigations necessary for diagnosis  were employed. Complete 

workup  were done in  all cases who underwent elective surgery.

Specific  investigations  like  plain  X-ray abdomen, USG  abdomen, CT  

abdomen were  done  to  compliment  diagnostic  evaluation.

The  cases  were  either  planned   as  elective  or  emergency  laparotomy  

cases. The  mode  of  anaesthesia  was  general anaesthesia   in  some  and  epidural  

anaesthesia  in  others.



Wounds  were  classified  as:

 Clean  ( operations  which  do  not  involve  bowel  and  are  conducted  in  the  

absence  of  sepsis).

 Clean  contaminated  ( elective  operations  on  hollow  viscera, which  usually  

or  on  occasions , harbor  pathogenic  organisms).

 Contaminated ( operations carried  out  for  or  in  the  presence  of  sepsis).

All  the  emergency  cases  included  in  our  study  were  contaminated  cases  

and  all  elective  cases  included  were  clean  contaminated  cases. Hence , the  

results  with  regard  to   emergency / elective  surgery will  obviously  be  identical  

to  those  of  contaminated / clean  contaminated  operations  respectively  and  so  

either  of  the  terms ( elective  or  clean  contaminated  and  emergency  or  

contaminated ) have been  used  at  different  places  in  the  study.



OPERATIVE TECHNIQUE

The  two  different  operative  techniques  used  for  closure  of  the  midline  

incisions included  in  the  study  were

1. Mass closure ( single layer ) technique

2. Layered closure ( multilayer ) technique

Layered closure:

       In this  technique, the  abdominal  wall  was  closed  layer  by  layer , with   an 

anatomical  approximation  from  deep  to  superficial  layers.  Peritoneum  was  first  

closed  with  1-0  chromic catgut  continuous  sutures. Next  the  linea  alba  was  

closed  with  1 polypropelene  continuous  interlocking  sutures. Subcutaneous   tissue  

closed   interruptedly  with  1-0 plain  catgut. Skin  closed  interruptedly  with  no 1  

silk or skin staplers.

Mass closure:

       In this  technique, the  suture  material  used  was  1  polypropelene. Suturing  

was  done  starting  at  the  upper  end  of  the  incision  downwards  with  continuous  

sutures. All  layers  of  the  abdominal  wall  except  skin  were  included  in  single  

layer. Large  bites  were  taken  about  1 cm  from  the  wound  edge  with  a  distance  

of  1 cm  between  the  sutures ( Jenkin’s technique ). Atmost  care  was  taken  while  

suturing  to  avoid  excessive  strangulation  of  the  tissues  approximated  together  

by  avoiding  excessive tension  over  the  suture.  Skin  closed  with  no 1 silk  

interruptedly or  staplers.   Sterile dressings  applied  after  completion  of  closure. 

The  total  time  taken  for  each  technique  was  noted. 



The  patient  were observed postoperatively till all the abdominal sutures 

were  removed  and  the  patient were discharged from hospital. The postoperative 

complications like, vomiting, chest infection, abdominal distension, suture sinus 

formation, wound infections or  wound  dehiscence  if  any  were noted. The  wound 

were  examined on 3rd, 5th, 7th,  postoperative  day  and the wound status  were 

noted.  Signs  of  wound  infection  ( superficial or deep )  and  burst  abdomen  were  

specifically  looked  for.   

             The   infection  which  were  limited  to  superficial  layers  of  the  abdomen  

i.e .skin  and  subcutaneous   tissues , were  those  with  superficial  wound   infection 

. Infections  spreading  beyond   the  subcutaneous  tissue  upto  the  peritoneal  layer  

were  considered  as  deep  infections.                                                                                                                                

After the patients were discharged from the  hospital, they  were  

instructed  for follow-up   during  subsequent  first, third, and sixth  month. During 

the follow-up, patients  were  examined in the first visit specially for wound

infection or wound dehiscence and during subsequent visits attention will be

paid to wound pain, suture sinus formation, scar complication, incisional hernia. 

The  records  of  all  the  patients  were  maintained  as  per  proforma  attached   

                                        



Mass closure

Fig.  8   Mass closure technique  of midline laparotomy



MASS  CLOSURE  OF  MIDLINE  LAPARAROTOMY

Fig .9       Midline laparotomy wound showing different layers.

Fig. 10   Mass closure  taking all layers except skin in single bite

           

Fig. 11     Knotting after mass closure



LAYERED CLOSURE

   

Fig.12    Peritoneum on hold

     

Fig.  13      Closure of peritoneum



Fig.  14     Closure of the linea alba

Fig.  15     Closure of subcutaneous tissue



              

Fig. 16     Closure  of  skin



OBSERVATIONS  AND  RESULTS

The  observations of  our  study  are  represented  in  graphs / pie charts  and  

tabular  form  as follows.

50  patients  who  satisfied  the  selection  criteria  were  included  in  the  

study  conducted  at  Coimbatore  Medical  College  Hospital, Coimbatore .

AGE:

Our  study  included  patients  in  the  age  group  of  20 – 70  years. Among  

the total  of  50  patients  in the  study,  24  were  in  the  age  group  of  20 – 39  

years, 21  were  in  the  age  group  of  40 – 59  years  and  5  were  in  the  age  group 

of  60 – 70  years. Maximum  number  of  patients  in  our  study  were  in the  age  

range  of  20 – 30  years  which  comprised  48%  of  the  cases  studied. ( Table 1 ).



TYPE   OF  CLOSURE  TECHNIQUE  USED  ACCORDING  TO  THE  AGE

Age group

( in  years )

          

       Mass

    20 - 39         

    40 _ 59         

    60 – 70           

     Total         

42%

TABLE 1:

TYPE   OF  CLOSURE  TECHNIQUE  USED  ACCORDING  TO  THE  AGE

          Closure technique

         TotalMass    Layered

        11        13          24

        12          9          21

          2          3            5

        25        25          50

Fig .17   Age  distribution  of  cases

48%

10%

AGE DISTRIBUTION

TYPE   OF  CLOSURE  TECHNIQUE  USED  ACCORDING  TO  THE  AGE

Percentage 

(%)

     48 %

     42 %

     10 %

   100 %

20 -39 years

40 -59 years

60 -70 years



SEX:

           In  our  study  of  50  patients , 39  were  male  patients  and  11  patients were  

female  i.e. 78 %  of  our  study  group comprised  of  male  patients  while  22 % 

comprised  of  female patients.( Table 2 )

                                                      

                                            

           Sex

          Male

          Female

In  our  study  of  50  patients , 39  were  male  patients  and  11  patients were  

female  i.e. 78 %  of  our  study  group comprised  of  male  patients  while  22 % 

comprised  of  female patients.( Table 2 )

                                                      TABLE 2  

                                            SEX  DISTRIBUTION

          No. of  cases         Percentage(%)

                39                

                11                

Fig . 18 Sex distribution of  the  cases

78%

22%

Sex Distribution

In  our  study  of  50  patients , 39  were  male  patients  and  11  patients were  

female  i.e. 78 %  of  our  study  group comprised  of  male  patients  while  22 % 

Percentage(%)

               78 %

               22 %

Male

female



NATURE  OF  THE  OPERATION { ELECTIVE /  EMERGENCY  

OPERATIONS}

           In  the  category  of  layered  closure  group, out  of  the  25  patients  

7  patients  underwent  elective  surgery  whereas 18  patients  underwent  emergency 

surgery

           In  the  category  of  mass closure  group , out  of  the  25  patients  8  

underwent  elective  surgery  whereas  17  patients  underwent  emergency  surgery.

.        Overall 70%  of  the  patients  under  the  study  underwent  emergency  surgery  

while  30 %  of  the  patients  underwent  elective  surgery. ( Table 3 ).



DISTRIBUTION  OF

AND   CLOSURE  TECHNIQUE

Nature of   
surgery

           

     Mass

Elective           

Emergency         

   Total         

DISTRIBUTION  OF

AND   CLOSURE  TECHNIQUE

Fig .19 Cases based on nature of closure technique
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TABLE   3

DISTRIBUTION  OF  CASES  BASED  ON THE  NATURE  OF  SURGERY      

TECHNIQUE

           Closure technique
        TotalMass    Layered

          8         7          15

        17        18          35

        25        25          50

DISTRIBUTION  OF   CASES  BASED   ON   THE  NATURE  OF  SURGERY                                                                                                     

AND   CLOSURE  TECHNIQUE

.19 Cases based on nature of closure technique

ELECTIVE EMERGENCY

17

7

18

THE  NATURE  OF  SURGERY                                                                                                                                   

Percentage(%)

         30 %

         70 %

        100 %

THE  NATURE  OF  SURGERY                                                                                                     

.19 Cases based on nature of closure technique

MASS

LAYERED



WOUND  INFECTION  IN  RELATION  TO  THE  TYPE  OF  CLOSURE:

    Overall  the  rate  of  infection  in  this  study  was  30 %. The  infection  rate  

in  the mass  closure  group  was  12 %  as  compared  to  48 %  in  the  layered  

closure  group. Statistically this  was  found  to  be  significant ( p value 0.012 i.e  less 

than 0.5, hence  significant). It implies that  the  rate  of  wound  infection  was  

significantly  lower  in  the  mass  closure  group  as  compared  to the  layered  

closure  group.

In  the  layered  closure  group:

          Among  the  patients  who  had  undergone  elective  surgery  3 patients 

(42.8%) developed  wound  infection. Among  the  patients  who  underwent  

emergency  surgery  9  patients (50 %)  developed  wound  infection. [Table 4]

In  the  mass  closure  group:

           Among  the  patients  who  had  undergone  elective  surgery  only  1  patient 

(12.5 %)  developed  wound  infection. In  the patients  who had  undergone  

emergency  surgery  2  patients ( 11.76%)  developed  wound   infection.



INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

CLOSURE  TECHNIQUE

Type 

of 

closure

           Elective

Total 

no of 

cases

Wound 

infection

    +     

Mass    8      1

Layer 

closure

   

   7      3

INCIDENCE OF  WOUND INFECTION  IN  RELATION  TO  THE  

CLOSURE TECHNIQUE

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

45.00%

50.00%

Elective surgery

12.50%

42.80%

TABLE 4

INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

CLOSURE  TECHNIQUE

Elective   Emergency Total 

no of 

cases

Wound 

infection

+     

%

Total 

no of 

cases

Wound 

infection

      +

%

1 12.5   17      2 11.76   25

3 42.8   18      9 50   25

INCIDENCE OF  WOUND INFECTION  IN  RELATION  TO  THE  

CLOSURE TECHNIQUE    

Fig .20

Elective surgery Emergency surgery Total

12.50% 11.76% 12%

42.80%

50.00%
48%

INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

Total 

no of 

cases

Wound 

infection

      + %

25      3 12

25      12 48

INCIDENCE OF  WOUND INFECTION  IN  RELATION  TO  THE  

Mass

Layered



2 x 

Type  of  closure Wound infection +

Mass closure              

Layered closure             

total             

Fisher's exact test

         The two-tailed      

          The association between closure technique and wound infection

  is considered to be statistically significant

Fig .  21

  Taking  into  consideration  the  nature  of  the  operation  26.6% of  the  

patients  in  the  category  of  clean  contaminated  surgery  developed  wound  

infection  whereas  31.4 %  of  the  patients  i

surgery  developed  wound  infection.( Table 6)
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Table  5

x 2  contigency  for  calculation  of  p  value

Wound infection + Wound infection—

( Healthy )

             3             22

            12             13

            15             35

      P value equals    0.0121 

The association between closure technique and wound infection

statistically significant

21 Cases with wound infection in both techniques

Taking  into  consideration  the  nature  of  the  operation  26.6% of  the  

patients  in  the  category  of  clean  contaminated  surgery  developed  wound  

infection  whereas  31.4 %  of  the  patients  in  the  category  of  contaminated  

surgery  developed  wound  infection.( Table 6)

Layered closure Total

2  contigency  for  calculation  of  p  value

Total 

            25

            25

            50

The association between closure technique and wound infection

Cases with wound infection in both techniques

Taking  into  consideration  the  nature  of  the  operation  26.6% of  the  

patients  in  the  category  of  clean  contaminated  surgery  developed  wound  

n  the  category  of  contaminated  

Wound infection

Healthy

Total



INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

NATURE   OF  SURGERY

Nature

of  surgery

Total  no  
of  cases

Clean 
contaminated

Contaminated

Fig 22 . Incidence  of  wound  infection  based on nature of surgery

24.00%

25.00%

26.00%

27.00%

28.00%

29.00%

30.00%

31.00%

32.00%

Clean contaminated

26.60%

TABLE 6

INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

NATURE   OF  SURGERY

Total  no  
of  cases

Wound  infection

Mass closure Layered 
closure

15 1 3

35 2 9

. Incidence  of  wound  infection  based on nature of surgery

Clean contaminated contaminated

26.60%

31.40%

Wound Infection 

INCIDENCE  OF  WOUND  INFECTION  IN  RELATION  TO  THE  

Total %

4 26.6%

11 31.4%

. Incidence  of  wound  infection  based on nature of surgery

Wound Infection 



Fig.23     Patient  with  wound infection



WOUND  DEHISCENCE ( BURST ABDOMEN) IN  RELATION  TO  THE  

TYPE  OF  CLOSURE

            In  all , the  rate  of  wound dehiscence  in  this  study  was  4 %. Wound 

dehiscence  rate  in the layered  closure  group  was  8 %  whereas  it  was  0 %  in  

the  mass  closure  group .  This  was  found  to  be  statistically  significant. ( p value 

0.48  i.e  more  than  0.5,  hence  not  significant )

In  the  mass  closure  group :     None of  the  cases  in  this  group  

developed   wound dehiscence.. 

In  the  layered  closure  group: None  of  the  patients  who  underwent  

elective  surgery  developed  wound dehiscence while  2  patients  who  underwent  

emergency  surgery  developed  wound dehiscence ( 11.11 %)  [Table 7]
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Type 
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closure
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Total 
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INCIDENCE  OF  WOUND DEHISCENCE
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WOUND DEHISCENCE (BURST ABDOMEN)

RELATION  TO  THE  CLOSURE TECHNIQUE

Emergency Total 
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abdom
  

%
Total 
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Burst 
abdomen

+
%

0% 17 0 0%

0% 18 2 11.11%
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2 x 2  contigency  table  to  calculate  p  value

Wound dehiscence

Mass closure

Layered  closure

Total

Fisher's exact test

  The two-tailed P value equals 

  The association between rows closure technique and  burst abdome

  is considered to be not

0
5

10
15
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25
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35
40
45
50

mass 
closure Layered 

closure

TABLE 8.

2 x 2  contigency  table  to  calculate  p  value

Wound dehiscence

+ve

Wound dehiscence

-ve   (Healthy )

0 25

2 23

2 48

tailed P value equals 0.4898   

The association between rows closure technique and  burst abdome

not statistically significant.

Fig.  25   Cases with burst abdomen
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Considering  the  nature  of  the  operation  none  of  the  patients  in  the  

category  of  clean  contaminated  operation  developed  wound dehiscence  whereas  

5.71 %  of  the  patients  in  the  contaminated  operation  group developed  wound 

dehiscence       ( Table 9 )

TABLE 9

INCIDENCE OF WOUND DEHISCENCE IN RELATION TO NATURE OF 

OPERATION

Nature of 
surgery

Total no of 
cases

Cases with wound 
dehiscence Total %

Mass 
closure

Layered 
closure

Clean  
contaminated

15 0 0 0 0%

Contaminated 35 0 2 2 5.71 %

INCISIONAL  HERNIA  IN  RELATION  TO  THE  TYPE  OF  CLOSURE:

    Overall  the  rate  of  incisional  hernia  in  this  study  was  2 %. The rate  of  

incisional  hernia  in  the  category  of  layered  closure  was  4 %  as  compared  to    

0%  in  the  mass  closure  category.  This  was  not  found  to  be  statistically  

significant  ( p value 1.000  i.e greater  than  0.5  hence  not  significant)  

Layered  closure  group:

        None  of  the  patients  who  underwent  elective  surgery  developed  incisional  

hernia  whereas  1  patient  who  underwent  emergency  surgery  developed  incisonal  

hernia (5.55% ). [Table 11]

Mass closure  group :

        No cases  of  incisional  hernia  occurred  in  this  category  of  patients.



Fig.26     Wound dehiscence

Fig.  27   Wound dehiscence with faecal fistula 



2

Type of closure Incisional hernia 

+

Mass closure             

Layered closure             

Total             

Fisher's exact test

  The two-tailed P value equals 1.0000

  The association between closure technique and incisional hernia  is considered to be 

  not statistically significant

Fig .28   Cases with incisional hernia in both techniques
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TABLE  10.      

x 2  contigency table  to calculate p value

Incisional hernia 

+

Incisional hernia—  

(Healthy)

            0             25

            1             24

            1             49

P value equals 1.0000

The association between closure technique and incisional hernia  is considered to be 

not statistically significant

Fig .28   Cases with incisional hernia in both techniques
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INCIDENCE  OF  INCISIONAL

CLOSURE  TECHNIQUE

Closure 

type

Elective cases

Total 

no of 

cases

Incisional 

hernia +

Mass   8    0

Layer    7      0

Fig. 29   Incidence  Of  Incisional  Hernia  In  Relation  To  The  Closure  
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TABLE 11

INCIDENCE  OF  INCISIONAL  HERNIA  IN  RELATION  TO  THE  

CLOSURE  TECHNIQUE

Elective cases Emergency  cases Total 

no of 

cases

Incisional 

hernia +   %

Total 

no of 

cases

Incisional 

hernia + %

0%   17    0 %0   25

0%   18     1 5.55%   25

Incidence  Of  Incisional  Hernia  In  Relation  To  The  Closure  

Technique

MASS  CLOSRE

LAYERED

EMERGENCY

HERNIA  IN  RELATION  TO  THE  

Total 

no of 

cases

Incisional 

hernia +    

%

25      0 0%

25       1 4%

Incidence  Of  Incisional  Hernia  In  Relation  To  The  Closure  
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LAYERED



Regarding  the  nature  of  the  operation  none  of  the  patient  in  whom  the  

category  was  a  clean  contaminated  surgery  developed  incisional  hernia while  

2.22%  of  the  patients  in  the  category  of  contaminated  surgery  developed  

incisional  hernia. [ Table 12]

TABLE 12

INCIDENCE  OF  INCISIONAL  HERNIA  IN  RELATION  TO  THE  

NATURE  OF  THE  OPERATION

Nature  of 

surgery

Total no of 

cases

Cases developing   

incisional  hernia Total %

Mass Layered

Clean  

contaminated     15     0       0      0        0%

Contaminated     35     0       1      1       2.2%



Fig.Fig.  30         Patient  with  incisional  hernia



OPERATIVE  TIME

   The  required  time  for  closure  of  the  incision  ( average  incision  length  

10-12 cms )  in  the  mass closure  group  was  an  average  of  17  minutes ( range 12 

– 20 minutes) whereas  in  the  layered  closure  group  the average  time  taken  for  

closure  of  the  incision  was 25  minutes (range 20-30  minutes ). [Table 13] . This  is 

statistically  significant  as  shown  by  the  calculation.

TABLE 13

TIME  TAKEN  FOR   MASS  AND  LAYERED  CLOSURE  TECHNIQUES

Type  of  closure No  of cases Average time taken     
(min)

Mass closure 25 17

Layered  closure 25 25

TABLE  14.

Calculation of p value

Type of closure Average   Time taken

Mass  closure 17 mins

Layered closure 25 mins

Two-sample Wilcoxon rank-sum (Mann-Whitney) test

group                     obs       rank sum      expected

mass closure         25           328                 637.5

layered closure     25          947                  637.5

combined                50        1275                 1275

z =  -6.034           Prob > z =   0.0000 The difference between the  groups is 
significant.



                                                  DISCUSSION

          Our  study  conducted  at  Coimbatore  Medical  College  Hospital , 

Coimbatore  evaluated  50  patients  fulfilling  a  predetermined  selection  criteria  to  

compare  the  efficacy  of  single  layered  closure  over  the  conventional   layer  by  

layer  closure  of  midline  abdominal  incisions.

         In  the  layered  closure  technique , layer  by  layer  closure  of  individual  

anatomical  structures  incised  from  superficial  to  deep  layer  was  effected  by  

approximating  their  counterpart . Peritoneum  was  closed  with  No. 1-0 chromic 

catgut  continuous  sutures. Linea alba was  closed  separately  with  No.1 

Polypropylene  continuous  interlocking  sutures. Subcutaneous tissue  was  closed  

interruptedly  with  No. 1-0 plain  catgut.

        In  the  technique  of  mass  closure ,  No.1 Polypropylene ( Prolene )  on  a  

round  body  needle  was  used  with  the  suturing  starting  at  the  upper  end  of  the  

incision  downwards  with  continuous  interlocking  sutures. All  layers  of  the  

abdominal  wall  except  skin  were  included  in  single  layer.  Jenkin’s rule  was 

followed  while taking  bites. The  bites  were  taken  about  1  cm  away  from  the  

wound  edge  and  the  distance  between  each subsequent  bite  was  1 cm.

No 1-0 silk  interrupted  mattress sutures   or  staplers were  used  for  skin  

closure  in  both type

                                         



                                       LAYERED  CLOSURE

              

Fig . 31 Approximation of different layers in layered closure tecnique

                                              

                                                     MASS CLOSURE

         

                                                                 

   

Fig.  32 Approximation of all layers except skin in single layer.



             The  main  observations  regarding wound  infection, wound  dehiscence          

( burst  abdomen) and  incisional  hernia  rates  in  the  two  groups  and    the  time  

taken  for  closure  were  studied  in  detail.

             The  age  of  the  patients  in  our  study  ranged  from  20 to 70  years. Out  of  

the  50  patients  24  were  in  the  age  group  of  20-39  years, 21  were  in  the  age  

group  of  40-59  years  and 5  were  in  the  age  group  of  60-70  years. In  this  

study  of  50  patients, 39  patients  were  male  and  11  patients  were  female i.e. 

78%  of  the  study  group  comprised  of  male  patients. 70%  of  the  patients  

studied  underwent  emergency  and  30%  of  the  patients  underwent  elective  

surgery. In  the  mass  closure  group  8  patients  had  undergone  elective  surgery  

whereas  17  patients  underwent  emergency  surgery. In  the  layered  closure  group  

7  patients  underwent  elective  surgery  whereas  18  patients  underwent  emergency  

surgery.

WOUND  INFECTION:

              Wound  infection  is  a  major  cause  of  concern  in  postoperative  wound  

management. A  wound  primarily  closed  is  most  susceptible  to the organisms  

with which  it  comes  into  contact  on  its  surface  during  the  first  6  hours. After  

that  it  becomes  resistant. The  wound needs  to  be  dressed  only  during  first  few  

days  unless  there  is  nearby  source  of  contamination. Infection  largely  depends  

on  the  nature  of  infection. Wound infection has been reported to occur in 2% to 4% 

of all clean abdominal incisions and up to 35% of all grossly contaminated incisions.

Various  other  factors  predisposing  to  wound  infection  include  extensive  

tissue  handling , impaired  hemostasis, presence  of  foreign  material,  extensive  



diathermy  usage  etc. Other co  morbid systemic  illness also  predispose  to wound  

infection.  Such patients  were excluded  from  our  study.

        The  rate  of  infection  in  our  overall study  was  30 %. The infection  rate in  

the  mass  closure  group  was  12 %  while  it  was  48 %  in  the  layered  closure  

group. . Statistically this  was  found  to  be  significant ( p value 0.012 i.e  less than 

0.5, hence  significant). It implies that  the  rate  of  wound  infection  was  

significantly  lower  in  the  mass  closure  group  as  compared to the  layered  

closure  group.

In  the  layered  closure  group:

          In  the  patients  who  had  undergone  elective  surgery  3 patients ( 42.8 %) 

developed  wound  infection. Among  the  patients  who  underwent  emergency  

surgery  9  patients (50 %)  developed  wound  infection. 

In  the  mass  closure  group:

           In  the  patients  who  had  undergone  elective  surgery  only  1  patient (12.5 

%)  developed  wound  infection. In  the patients  who had  undergone  emergency  

surgery  2  patients ( 11.76 %)  developed  wound   infection.

Considering  the  nature  of  the  operation , 26.6 % of  the  patients  in  the  

group  of clean  contaminated  surgery  developed  wound  infection  while  31.4 %  

of  the  patients  in  the  group  of  contaminated  surgery  developed  wound  

infection. 



TABLE 15

    Comparison  of  our  results  with  previous  works  are  as  follows

Year          Author

Wound infection 

in mass closure           

(%)

Wound infection  

in layered closure

(%)

1979 Pollock 29 -

1983 Shepherd 8.5 -

1985 Ausobsky 22 18

1993 Israelsson 7.9 -

1993 Choudhury 22.5 47.5

1995 Carlson 3.5 -

2005 Vasudev 12 36

2011 Present 12 48

WOUND DEHISCENCE  (BURST ABDOMEN ):

      Dehiscence is defined as the separation of the sutured layers of the abdominal wall 

and may be classified as partial or complete. In the case of a partial dehiscence, one or 

more, but not all of the sutured layers may separate. This situation may also be 

referred to as wound disruption. Complete dehiscence is marked by separation of all 

layers resulting in exposure of the peritoneal cavity. Synonyms include evisceration 

and burst abdomen. The main causes of dehiscence include failure of the suture to 

remain anchored in the fascia, suture breakage, and knot failure. 



Factors  predisposing  to  wound  dehiscence are

1]  Preoperative  patient  factors

 Obesity

 Malignancy

 Metabolic  : diabetes , uraemia, steroid therapy

 Irradiation

 Nutritional : hypoproteinaemia, anaemia, advanced age

 Chemotherapy

2] Intraoperative  factors

 Incision  choice

 Suture –tensile strength, knot placement

 Closure  technique

3] Postoperative factor

 Increased intra abdominal pressure( chronic cough,obstruction,ascitis)

 Wound infection

The  overall  rate  of  burst  abdomen  in  our  study  was  4%. In  the  mass  

closure  group  the  rate  of  wound  dehiscence  was  0%  while  it  was  8%  in  the  

layered  closure  group. Thus  mass  closure  resulted  in  lesser  number  of  wound  

dehiscence  cases  as  compared  to  layered  closure  

  In  our  study  none  of  the  patients  in  the  mass  closure  group  developed  

wound  dehiscence. Two of  the  patients  who  were  operated as emergency  by  the  



layered  closure  technique  developed  wound  dehiscence  while  none  developed  in  

elective  surgery group.

         The  two  patients  in  our  study  who  had encountered  wound  dehiscence  had  

severe  wound  infection 

TABLE 16

Comparison  of  our  results  with other  works

Year

       

           Author

Wound dehiscence 

in mass closure

Wound dehiscence 

in layered closure

1972       Kirk           0.31%          3.88%

1975      Goligher           0.92%          10.28%

1977      Irvin           1.04%           1.05%

1985      Ausobsky            0.6%            1.48%

1993      Israelsson            0.7%            -

1993      Choudhury            0%            3.75%

1995     Carlson            1.3%            -

2011      Present            0%            8%

Wound disruption usually occurs on the sixth to eighth postoperative day. 

Evisceration will be apparent on simple inspection. Although lesser degrees of 

disruption may be asymptomatic, many patients have a sense of something “giving 

way.” The most common complaint is that of a profuse serosanguineous discharge 

from the wound. 



         Usually  the  wound  disrupts  due  to  breakage  of  the  suture  material , 

slippage  of  knots  or  tissues  getting  cut through  by  the  sutures.  Of  these  the  

major  cause  of  wound  dehiscence  appears  to  be  sutures  cutting  through  the  

tissues. Appropriate  suture  selection  and  proper  application  of  knots  can  prevent  

development  of  burst  abdomen. 

       Sutures  usually  cut  through  when  they  are  applied  too  close  to  wound  

edge. Moreover  the  patients’ general condition  too  plays  an  important role . the  

tissues  may  get  weakened  by  systemic  factors  like  depletion of protein, jaundice, 

uraemia, malignancies, sepsis etc. Adding  to  it  the  increased  abdominal  pressure  

due  to  coughing ,straining, distension  may  aggravate  the  chances  of  wound  

disruption.

         Other factors that may weaken a wound include the presence of hematoma, 

wound infection, and obesity. A hematoma will disrupt tissues, preventing 

approximation as well as providing an excellent nidus for infection.

The   main  purpose  served  by  the  sutures  inserted  into  abdominal  

wounds  are  to  give  resistance  against  the  stress  and  strain  to  which  the  

abdominal  wall  is  exposed  until  it  regains  its  intrinsic  strength  and  also  to  

obtain  coaptation.

The  suture  technique  that  we  employ  can  have  a  influence  on  the 

wound  healing  if  the  suture  interferes  with  the  intrinsic  strength  gained  by  the  

wound  or  if  it  fails  to  ensure  a  continued  coaptation. This  will  result  in  the  

tissues  getting  cut  through. 



Theoretically  the  tissues  get  cut  through  as  a  result  of  two  important  factors.

I. Pressure  per  unit  area  on  the  tissue

II. Ischaemic  necrosis  from  continued  pressure

To  calculate  the  pressure  necrosis  at  the  line  of  contact  of  suture  and  tissue, an 

equation  is  used  as  follows    Fa = F / R x L

Fa : force  at  right  angle  to  the  wound  per  unit  area  at the tissue  suture  interface

F :  resultant  force  around  circumference  of  the  suture

L  : depth  of  tissue  taken  in  each  bite

R  : radius  of  the  suture

This  equation  implies  that  the  depth  of  the  tissue  taken  in  each  bite i.e. 

the  thickness  of  tissue  bite  is  inversely  proportional  to  the  force  exerted  by  the  

suture  at  its  interface  with  the  tissue. Hence  in  layered  closure  each  layer  

exerts  additive  force  causing  the  tissues  to  cut  through. This  theory  argues  in  

favour  of       mass closure.1

Fig 33



INCISIONAL HERNIA:

        Wound herniation is defined as an incomplete dehiscence in which the 

peritoneum, subcutaneous tissue, and skin remain intact, but the muscle or fascia do

not. As opposed to dehiscence that occurs and is recognized in the early postoperative 

period, wound herniation follows apparently satisfactory healing only to present with 

an incisional defect at a later date. Although it has been said that most such defects 

occur before 6 months and nearly all before 1 year, several studies with longer patient 

follow-up have found occurrences up to 5 years after the initial operation. the reported 

low incidence of wound hernias is due in part to the lack of prolonged follow-up and  

late  reporting  by  the  patients. Tolerance, acceptance  and  ignorance  also  

contribute.

                 The underlying cause is inadequate healing of the fascial layer--perhaps more 

related to degree than representing a true difference in etiology when compared to 

dehiscence. Causes may include fascial necrosis from initial excessive suture tension 

or, secondarily, from abdominal distension associated with ileus, postoperative nausea 

and vomiting, or pulmonary disease resulting in chronic cough. Necrosis may, in turn, 

be followed by suture pull-through due to the inadequate tissue strength.

         In our study  2 %  of  the patients  developed  incisional  hernia. The incisional  

hernia  rate  in  the  layered  closure  group  was  4%  while  in  the  mass  closure  

group  it  was  0% . This  was  found  to  be  statistically  not significant. ( p value 

0.48  i.e  more  than  0.5,  hence  not  significant ).

In  whole  of  our  study  only  one  patient  developed  incisional  hernia who 

had  undergone  emergency  laparotomy  and  wound  closed  by  layered  closure. 



Many of  the  patients  lost  follow  up. To accurately  calculate the  incidence  of  

incisional  hernia  needs  a  long  term  follow  up.

TABLE   17

Comparison  of  our study  with  other  works  is  as  follows

         

   Year

       

         Author

Incisional hernia 

in mass closure

Incisional hernia 

in layered closure

    1977       Irvin          5.2%           4.21%

    1985       Ausobsky         15.74%           4.08%

    1986       Sharma          0.4%           1.6%

    1993      Israelsson          18.7%           -

   1995      Shittu          0%           1.9%

    2011      Present          0%            4%

OPERATIVE TIME:

    The  average  time taken  for  closure  of  abdominal  wound  using  mass  

closure  technique  was 17 minutes  (range 12 to 20 minutes )  as  compared  to  25  

minutes (20 to 30 minutes ) in  layered  closure.  It  was  statistically  found  to  be  

significant. From  this  we  can  conclude  that  time  taken  for  mass  closure  

technique  is  less  than  that  taken  for  layered  closure. Time  factor  has  got  a  

important  role  in  postoperative  morbidity  as  this  will  prevent  patient  from  too  

much  exposure  to  anaesthesia  and  external environment.

    



                                                CONCLUSION

  Our   study  compares  the  efficacy  of  mass  closure  and  layered  closure  of  

midline  laparotomy  and  its  effects  on  wound  healing. The  study  analyses  the  

wound  complications (  wound  infection, burst  abdomen  and  incisional  hernia ) 

and  time taken  for  each  closure. Fifty  patients  were  studied . The  cases  were  

selected  based  on  the  inclusion  and  exclusion  criteria.

The main  conclusion  that  we  gather  from  the  study  is  that  the  mass  

closure  of  the  midline  laparotomy  is  a  better  option  than  layered  closure  in  

providing  strength  to  the  wound  and  in  preventing  the  occurrence  of  infection  

and  wound  disruption  as  evidenced  by  the  following  points.

1) Mass  closure  has  less  incidence  of  postoperative  wound   infection  than  

the  layered  closure.  (p value 0.012 i.e  less than 0.5, hence  significant)

2) Mass  closure  has  apparently  less  incidence  of  postoperative  wound  

dehiscence  than  its  counterpart  although  not  statistically  significant

( p value 0.48  i.e  greater than 0.5, hence  not  significant )

3) Mass  closure  appears  to  have  less  incidence  of  incisional  hernia  when  

compared  to  layered  closure  but  this  is  not  statistically  significant.            

( p value 1.0000 i.e. greater  than  0.5 , hence  not  significant )

4) The  time  consumption  is  less  for  mass  closure  of  the  midline  

laparotomies  than  those  required  for  layered  closure.

5) Mass closure  has  got  better  patient  compliance  than  the  layered  closure.

                       



CLINICAL PROFORMA

Patient particulars
Name: IP No.:
Age: Sex: OT No.:
Address:
DOA: DOS: DOD:

� Complaints with duration:

� History of presenting illness:

� Past history:

� Personal history:

� Family history:

GENERAL PHYSICAL EXAMINATION
Vital data
BMI = Weight (kg)/Height (m)2

Pulse: Blood pressure:
Respiratory rate: Temperature:
Pallor: Icterus: Cyanosis:
Clubbing: Lymphadenopathy: Pedal edema:

EXAMINATION OF ABDOMEN

� Inspection:

� Palpation:

� Percussion:

� Auscultation:

� PR Examination:

SYSTEMIC EXAMINATION

� Respiratory system:

� Cardiovascular system:

� Central nervous system:

INVESTIGATIONS

Hb%: Blood urea:
TC: Serum creatinine:
DC: Urine routine:
ESR: Albumin:
BT: Sugar:
CT: Microscopy:



FBS: LFTs:
PPBS: ECG:
CXR:
Supine and erect X-ray abdomen:
USG abdomen
CT scan:
Others:
Preoperative diagnosis:
Surgical treatment:

� Emergency:

� Elective:
Postoperative diagnosis:

OPERATIVE NOTES
Incision used

� Midline:

Types of closure

� Mass closure:

� Conventional layered closure:

SUTURE MATERIAL

� No. 1 Prolene:

� Chromic catgut:

� Others:
Anaesthesia: General / Spinal / Caudal / Epidural
Time of operation (in minutes):

POSTOPERATIVE PERIOD

� Wound infection:

� Wound dehiscence:

� Drain removal and suture removal:

FOLLOW-UP

� Scar complications

� Incisional hernia



APPENDIX – 2

PATIENT’S CONSENT FORM

Principal Investigation:

Investigation:

This study has been explained to me in my own language and I understood:

1. What the study involves?

2. That the refusal to participate will not affect my treatment in any way.

3. That I may withdraw to take parting this study.

Signature of the subject: ________________________________________

Full Name: __________________________________________________

Date: ________________

Address: ____________________________________________________

Witness (should be a person not connected with the study)

I have been present while the procedure to be performed has been explained 

to the subject and I have witnessed his/her consent to take part.

Signature of witness with date: __________________________________

Full Name: __________________________________________________

Address: ____________________________________________________

____________________________________________________________



APPENDIX - 3

MASTER  CHART

MASS CLOSURE

Sl
no Name Age Sex I.P.No                Diagnosis                        Surgery

  
Type

          
Wound 
type         

        
Time    
Taken
(mins)

Wound 
infection

Burst 
abdomen

Follow up (months)

1st 2nd 3rd

1 Murugesan 45 M 3892 DU perforation Perforation closure EM Cont 20       _       _ H H H

2 Muthukrishnan 30 M 38603 DU perforation Perforation closure EM Cont 17       _       _ H H NF

3 Rammurthy 52 M 39481 Chronic DU/ GOO TV + PGJ EL Cl.cont 17       --       -- H H H

4 Raju 47 M 11484 GOO PGJ EL Cl.cont 18       --       -- H H H

5 Nagaraj 69 M 75112 DU perforation Perforation closure EM Cont 20        +       -- H NF NF

6 Perumal 48 M 40298 Hollow viscus 

perforation

Expl.lap. with DU 

perforation closure

EM Cont 19        --       --           H H H

7 Suresh 25 M 41246 DU perforation Perforation closure EM Cont 18       --       -- H H H

8 Rajkumar 44 M 39435 Pseudocyst pancreas Cystogastrostomy EL Cl cont 18       +       -- H H H

9 Bularam 38 M 41523 DU perforation Perforation closure EM Cont 15       +       -- H H NF

10 Ganesh kumar 27 M 11406 DU perforation Perforation closure EM Cont 16       --       -- H H H

11 Thangavel 27 M 69810 Ca stomach Partial gastrectomy+GJ EL Cl.Cont 19       --       -- H H H

12 Kanagaraj 50 M 52579 DU perforation Perforation closure EM Cont 19       --       -- H H H

13 Kalimuthu 27 M 50511 DU perforation Perforation closure EM Cont 17      --       -- H H H



Sl

no Name
Age

Sex I.P.No Diagnosis Surgery Type

Wound 
type

Time    
Taken

(mins)
Wound 

infection
Burst 

abdomen

Follow up (months)

1st 2nd 3rd

14 Srinivasan 33 M 53811 DU perforation Perforation closure EM Cont 16      --       -- H H H

15 Palaniammal 39 F 48354 Chronic DU+GOO TV+ PGJ EL Cl .cont 18      --       -- H H H

16 Kamatchi 38 F 54811 Blunt injury abdomen Jejunal perforation 
closure

EM Cont 18      --       -- H H NF

17 Paulraj 53 M 62931 Ca stomach Distal partial 
gastrectomy

EL C l.cont 17      --       -- H H H

18 Anandh 22 M 62911 DU perforation Perforation closure EM Cont 15      --       -- H H H

19 Nagaraj 52 M 67241 Pseudocyst pancreas Cystogastrostomy EL Cl.cont 18      --       --   H H NF

20 Vellingiri 35 M 65154 DU  perforation Perforation closure EM Cont 17      --       -- H H H

21 Balamurugan 29 M 22167 DU perforation Perforation closure EM Cont 18      --      -- H H NF

22 Fathima 58 F 54421 DU perforation Perforation closure EM Cont 18      --       -- H H H

23 Thangappan 60 M 74009 Post bulbar duodenal 
stenosis

TV + GJ EL Cl cont 17      --       -- H H H

24 Parthiban 21 M 2057 DU perforation Perforation closure EM Cont 17      _       _ H H NF

25 Saraswathy 58 F 32739 DU perforation Perforation closure EM Cont 17      --       -- H H H

                        



MASTER  CHART

LAYERED  CLOSURE

Sl
no Name

Age
Sex I.P.No Diagnosis Surgery

Type
Wound 

type

Time    
Taken
(mins)

Wound    
infection

Burst 
abdomen

Follow up
(months)

1st 2n 3rd

1 Balraj 36 M 32992 DU perforation Perforation closure EM Cont 30     --      -- H H H

2 Gurusamy 32 M 38712 DU perforation Perforation closure EM Cont 20     --      -- H H H

3 Palaniamma 49 F 21683 Pseudocyst  pancreas Cystogastrostomy EL Cl.cont 28      +      -- H H H

4 Shahjahan 20 M 41518 DU perforation Perforation closure EM Cont 22      --      -- H H NF

5 Rangaraj 42 M 42161 DU perforation Perforation closure EM Cont 25      +      -- H H H

6 Chinnal 65 F 30078 DU perforation Perforation closure EM Cont 28      +      -- H H H

7 Amudha 69 F 61353 Ca stomach Distal partial gastrectomy EL Cl cont 29      --      -- H H H

8 Ramachandra 45 M 70644 DU perforation Perforation closure EM Cont 21       +        + H H IH

9 Boji 42 M 7095 DU perforation Perforation closure EM Cont 22       +       -- H H H

10 Aruchamy 22 M 72450 DU perforation Perforation closure EM Cont 30       --       -- H H NF

11 Kamaraj 41 M 57522 GOO TV + PGJ EL Cl cont 30       +       _ H H H

12 Balasubramani 23 M 50891 Chronic DU+GOO TV+PGJ EL Cl cont 27       --       -- H H H

13 Chellammal 45 F 49797 Chronic DU+ GOO TV+PGJ EL Cl cont 29       --        -- H H H

14 Kannan 58 M 55545 Ca stomach AGJ EL Cl cont 26       +        -- H H H

15 Manikandan 42 M 14221 DU perforation Perforation closure EM Cont 30      --       -- H H NF



Sl

no Name
Age

Sex I.P.No Diagnosis Surgery Type
Wound 

type

Time    
Taken

(mins)

Wound    
infection

Burst 
abdomen

Follow up
(months)

1st 2n 3rd

16 Andavan 37 M 24855 DU perforation Perforation closure EM Cont 30      --      -- H H NF

17 Indrani 35 F 62107 DU perforation Perforation closure EM Cont 27      --      -- H H H

18 Kalisamy 31 M 62243 DU perforation Perforation closure EM Cont 20      +       -- H H H

19 Umesh 20 M 62617 DU perforation Perforation closure EM Cont 25      +       _ H H NF

20 Kaliyamurthy 35 M 68740 DU perforation Perforation closure EM Cont 20      +       -- H H H

21 Rangathal 65 F 71149 Ca stomach Partial gastrectomy EL Cl cont 26      --        -- H H H

22 Devi 28 F 34846 DU perforation Perforation closure EM Cont 21      --       -- H H H

23 Vasu 38 M 65858 DU perforation Perforation closure EM Cont 23      --       -- H H H

24 Jambu 46 M 5128 DU perforation Perforation closure EM Cont 23      +         + Wi NF NF

25 Kanagaraj 50 M 52480 DU perforation Perforation closure EM Cont 25      --         -- H H H



                                              MASTER  CHART  ABBREVIATIONS

H                :       Healthy

NF              :      No follow up

IH               :      Incisional hernia

EM             :      Emergency

EL              :      Elective

Cont.          :      Contaminated wound   

Cl.Cont      :      Clean contaminated wound

DU            :      Duodenal ulcer

GOO         :      Gastric Outlet Obstruction

TV            :       Truncal Vagotomy

AGJ          :       Anterior Gastrojejunostomy

PGJ           :       Posterior gastrojejunostomy
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