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Introduction 
Closure of an abdominal wall incision is one of the most 

important aspects in surgery. Without proper knowledge of 
midline laparotomy closures and techniques of closure, there 
is a risk of evisceration and incisional hernia formation. The 
risk of evisceration has been reported to range from 0.6–2.5% 
in literature.1-8 The risk of incisional hernia formation has 
been reported to be 9–23%.9-12 Among the different incisions 
used in the abdominal wall to gain access to the abdominal 
cavity, the midline incision is the most commonly used.13 
Proper abdominal wound closure of the laparotomy wound 
entails the proper use of suture materials and a closure 
technique standardized in terms of the size of the bites and 
the distance between stitches. No literature on how surgeons 
learn abdominal wound closure were found after a thorough 
search of Pubmed, Medline, and Medscape databases using 
the search terms “surgical residency”, “surgical curriculum”, 
“learning”, and “abdominal wall closure”.  

Incisional hernia formation is one of the most common 
complications of failure of abdominal wound closure. There 
are different factors that may contribute to incisional hernia 
formation. There are patient factors such as smoking, older 
age, obesity, and malignancy.14,15  It has also been reported 
that the ratio of mature to immature collagen also places a 
role in incisional hernia formation.16 Wound factors that may 
contribute to incisional hernia formation such as wound 
infection as well as the type of surgery performed.17-19 There 
are also technical factors which may play a role, such as the 
closure technique of the surgeon, the type of suture used, the 
size of the suture bites and the use of drains.20  

Patient factors are difficult to control and can only be 
corrected or optimized for better patient results. However, 
technical factors can be corrected and standardized to 
decrease the adverse events that may occur after closure of 
the abdominal wall.   

Since technical factors can be controlled, it is important 
that a specific training program should be present in the 
training program of general surgery residents to ensure that 
the required knowledge and skill of abdominal wall closure 
is properly taught.   

This preliminary study aims to look at the knowledge 
acquisition and the technique of closure of midline 
abdominal incisions among general surgeons using a survey 
questionnaire as a guide in the conduct of a more extensive 

ORIGINAL ARTICLE



Midline Closure among General Surgeons

37VOL. 48 NO. 1 2014 ACTA MEDICA PHILIPPINA

survey. An in-depth review of literature was also done to 
look at the latest evidence on the proper approach to 
abdominal wall closure as well as healing of laparotomies. 
 

Methods 
This is a preliminary survey on the knowledge and 

technical skills of general surgeons. The survey 
questionnaire is composed of 10 items that look into how 
surgeons learn abdominal wall closure, their technique, the 
type of suture material used, the utilization of drains, and 
type of skin closure (Table 1). A selection of options was 
presented for each question.  
 
Table 1. Survey on Midline Laparotomy Closure among 
General Surgeons 
 
 

Control No. ___________ 
 
(  )  Resident  (  ) Consultant 
 
1. How did you learn to close a midline laparotomy? 

a. self learning 
b. See one do one 
c. Taught by my seniors during residency 

 
2. How do you close the midline laparotomy? 

a. Continous suture technique 
b. Interrupted suture technique 
c. others:   Pls specify: ____________ 

 
3. If using continuous suturing technique, do you put an interlocking suture 
in between bites? 

a. Yes b. no 
 
4. If yes, every how many bites? _______ 
 
5. What suture material do you use: 

a. Absorbable suture short dissolution time 
b. Absorbable suture with long dissolution time 
c. Non-absorbable suture 

 
6. What is the distance of the suture bites from each other? 

a. < 5mm 
b. 5-9mm 
c. 1 cm or more 

 
7. What is the distance of the suture bite from the edge of the laparotomy 
wound? 

a. <5 mm 
b. 5-9 mm 
c. 1 cm or more 

 
8. Do you close the subcutaneous tissue? 

a. Yes b. No 
 
9. Do you put subcutaneous drains? 

a. Yes b. No  Why? __________________ 
 
10. How do you close the skin? 

a. Skin stapler 
b. Subcuticular suture 
c. Simple interrupted 
 
Indication for choice? 

 

The Philippine College of Surgeons (PCS) Annual 
Convention has an average attendance of 400 consultants 
and 300 residents. To pilot test the survey, 100 
questionnaires were distributed in one of the hospitality 
suites during the convention. The forms were handed out as 
the surgeons attending the convention entered the suite and 
collected as they departed. The questionnaires were tagged 
using control numbers and the responders remained 
anonymous. There was no time limit imposed for answering 
the questionnaires. The results were then collated and 
analyzed using the following parameters: 

1. Acquisition of knowledge in abdominal wall 
closure 

2. Technique of midline closure 
3. Use of interlocking stitch in the closure 
4. Type of suture material used 
5. Distance of suture bites from the edge of the 

laparotomy wound 
6. Distance of suture bites from each other 
7. Use of subcutaneous drains 
8. Closure of subcutaneous tissue 
9. Closure of the skin 
Data was analyzed using the Statistical Package for the 

Social Sciences (SPSS) statistical software to evaluate 
differences in the responses of the residents and consultants.  
 

Results 
There were 36 respondents to the survey: 17 (48.6%) 

residents and 18 (51.4) consultants. One respondent did not 
complete the survey and was not included in the analysis. 

The majority of respondents learned closure by being 
taught by their seniors or consultants during residency 
(85.7%). There was no significant difference between the 
answers of residents and consultants with a p-value of 0.511. 
(Table 2)  

In terms of closure technique, the majority of 
respondents said they close the abdomen with a continuous 
suture technique (82.8%). Of the surgeons who said they 
close the abdomen with a continuous suturing technique, 
57.1% said they place an interlocking stitch while 34.3% said 
they do not. Comparing the response of residents and 
consultants in terms of the placement of an interlocking 
stitch, the majority of residents place one every three to four 
bites (70%); 40% of consultants use a similar technique. 
However, the data did not show any significant difference 
statistically. 

In terms of the suture material used for closure of a 
midline laparotomy, 71.4% of respondents said they use a 
suture which is absorbable with a long dissolution time and 
22.8% said they use a non-absorbable suture.  
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Table 2. Tabulation of Response 
 

  RESIDENT CONSULTANT TOTAL  
Number  17 (48.6%) 18 (51.4%) 35 (100%)  

 
 
 
p 0.511 

How did you learn to 
close a midline 
laparotomy 

Self learning 0 1(5.5%) 1(2.8%) 
See one do one 0 1(5.5%) 1(2.8%) 

Taught by my seniors/consultant during residency 15 (88.2%) 15(83.3%) 30(85.7%) 
See one do one and taught by seniors 2(11.8%) 1(5.5%) 3(8.6%) 

 
How do you close a 
midline laparotomy 

Continuous suture Technique 14(82.3%) 15(83.3%) 29(82.8%)  
 
 
p 0.714 

Interrupted suture technique 1(5.9%) 2(11.1%) 3(8.5%) 
Continuous with interrupted 2(11.8%) 1(5.5%) 3(8.5%) 

No Answer 0 0 0 
      

If using continuous 
suturing technique do 
you put an interlocking 
suture in-between bites? 

Yes 10(58.8%) 10(55.5%) 20(57.1%)  
 
 
P 0.682 

No 6(35.3%) 6(33.3%) 12(34.3%) 
No answer 0 0 0 

Not applicable 1(5.9%) 2(11.1%) 3(8.6%) 
      

If yes, every how many 
bites? 

1 to 2 3(17.6%) 1(5.5%) 4(11.4%)  
 
 
 
 
 
 
p 0.325 

3 to 4 7(41.2%) 4(22.2%) 11(31.4%) 
5 to 6 0 1(5.5%) 1(2.8%) 

7 to 10 0 1(5.5%) 1(2.8%) 
Above 10 0 0 0 
Depends 0 1(5.5%) 1(2.8%) 

Not applicable 7(41.2%) 8(44.4%) 15(42.8%) 
No answer 0 2(11.1%) 2(5.7%) 

 
What suture material do 
you use? 

Absorbable suture with short dissolution time 0 0 0  
 
 
 
 
P 0.630 

Absorbable suture with long dissolution time 12(70.5%) 13(72.2%) 25(71.4%) 
Non absorbable suture 4(23.5%) 4(22.2%) 8(22.8%) 

Combined absorbable with long dissolution + non absorbable 0 1(5.5%) 1(2.8%) 
No answer 1(5.9%) 0 1(2.8%) 

Not applicable 0 0 0 

 
What is the distance of 
the suture bites from 
each other? 

< 5 mm 5(29.4%) 2(11.1%) 7(20%)  
 
p 0.390 

5-9 mm 8(47.1%) 10(55.5%) 18(51.4%) 
1 cm or more 4(23.5%) 6(33.3%) 1028.6%) 

      
What is the distance of 
the suture bite from the 
edge of the laparotomy 
wound? 

< 5mm 4(23.5%) 3(16.7%) 7(20%)  
 
 
p 0.426 

5-9mm 8(70.5%) 6(33.3%) 14(40%) 
1 cm or more 5(29.4%) 9(50%) 14(40%) 

Not applicable 0 0 0 

 
Do you close the 
subcutaneous tissue? 

Yes 8(47%) 10(55.5%) 18(51.4%)  
 
 
p 0.359 

No 9(53%) 6(33.3%) 15(42.8%) 
NA 0 1(5.5%) 1(2.8%) 

Depends on thickness 0 1(5.5%) 1(2.8%) 
      

Do you put 
subcutaneous drains 

Yes 2 (11.8%) 0 2(5.7%)  
 
p 0.134 

No 15(88.2%) 18(100%) 33(94.3%) 
Not applicable 0 0 0 

      
How do you close the 
skin? 

Skin stapler 7(41.2%) 6(33.3%) 13(37.1%)  
 
 
 
 
 
 
 
p 0.529 

Subcuticular suture 6(35.3%) 4(22.2%) 10(28.6%) 
Simple Interrupted 1(5.9%) 0 1(2.8%) 

No answer 1(5.9%) 0 1(2.8%) 
Uses all depending on the wound 1(5.9%) 1(5.5%) 2(5.7%) 
Subdermal inverted interrupted 1(5.9%) 1(5.5%) 2(5.7%) 

Subcuticular or simple interrupted 0 1(5.5%) 1(2.8%) 
Stapler or subcuticular 0 4(27.8%) 4(11.4%) 

Stapler or simple interrupted 0 1(5.5%) 1(2.8%) 
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Of the residents, 47% said they place the sutures at 5–9 
mm from each other and 5–9 mm from the edge of the 
wound. Of the consultants, 55.5% said they place the sutures 
at 5–9 mm from the edge of the laparotomy wound and 50% 
place them at 1 cm from the edge of the laparotomy wound.  
This difference did not reach statistical significance 
(p=0.426).  

Of the respondents, 51.4% said they close the 
subcutaneous tissue and 42.8% said they do not. Further 
analysis reveals that closure of the subcutaneous tissue is 
more popular among consultants (55.5%) than among 
residents (47%). Neither consultants nor residents say they 
place drains in the subcutaneous tissue. 

Both residents and consultants varied in their responses 
in terms of skin closure. The majority of respondents said 
they close the skin either with a skin stapler or using a 
subcuticular technique. Analysis of the data reveals some 
differences in the responses but this failed to reach statistical 
significance. 
 

Discussion 
This research on abdominal wall closure aims to look 

into minimizing incisional hernia formation. Incisional 
hernia formation is influenced by several factors such as 
patient-related factors and surgical technique.21 Patient-
related factors are difficult to control but knowing the 
possible risk factors will alert the surgeon of the possible risk 
of incisional hernia formation postoperatively. On the other 
hand, surgical technique can be standardized such that the 
risk of incisional hernia formation is decreased. 
 
Technique of Closure 

Our results showed that the majority of surgeons close 
the abdomen with a continuous suture. This practice 
conforms with current evidence that shows that using a 
continuous suture has better results compared with 
interrupted sutures due to the even distribution of the 
tension along the entire length of the laparotomy wound.22,23  

An interrupted technique has the advantage of not being 
dependent on a single knot compared with the continuous 
technique; however, it suffers from potential inconsistencies 
in the tightness of each knot thrown by the surgeon. 
Inconsistencies in the tension will subject the laparotomy 
wound to possible tissue ischemia with subsequent necrosis 
of the wound edge, which in turn can result in wound 
infection or incisional hernia formation. 

Of the respondents, 69% said they place an interlocking 
suture between several bites of a continuous suture. This 
technique is not described in the literature.24-30 Frequently 
used by the respondents, the technique is most likely 
handed down to them by senior residents or consultants 
during their training. This practice is not supported by 
literature and should be abandoned since knot slippage 
rarely occurs in the continuous suture technique.31  

The choice of suture material also plays a role in the 
occurrence of incisional hernia. Rath hypothesized that the 
ideal suture material for laparotomy closure should 
maintain at least half of its strength during the 4 or 5 months 
following the operation.32 Rapidly absorbable sutures have 
no role in laparotomy closure. The literature only supports 
the use of sutures that are slowly absorbable or non-
absorbable for closure of midline laparotomies. The only 
drawback to using a non-absorbable suture is the higher 
incidence of wound pain and suture sinuses.33 None of the 
respondents said they use a rapidly absorbable suture.   

The majority of respondents said they place the stitch at 
5–9 mm from the edge of the laparotomy. More residents 
said they place the sutures at intervals of 5–9 mm while 
more consultants said they place the sutures at intervals of 1 
cm or greater. This demonstrates the poor knowledge of the 
respondents in terms of the proper positioning of the stitches 
in a laparotomy wound. Using shorter intervals between 
suture bites requires longer sutures to complete the closure. 

The suturing technique of the surgeon is important to 
achieve consistency of suture placement. This is important to 
decrease the possibility of incisional hernia formation. 
Consistency is only achieved if the suture length is enough 
for the wound length. If the suture is too short for               
the wound, the surgeon may compensate toward the        
end of closure by placing the stitches further and further 
apart.7, 22, 23,33,34-36  

The size of the tissue bites and the distance of the 
stitches from each other also affects tissue healing, wound 
infection, and incisional hernia formation. In an animal 
study, Felcher et al. associated small tissue bites with a 
stronger wound 4 days after closure.37  Further clinical trials 
showed that the stitches should be placed at 5–8 mm from 
the edge of the laparotomy wound at intervals of less than 5 
mm.7, 38-41  

The majority of respondents in this study said they 
place the sutures bites at intervals of 5–9 mm; 29% said they 
place them at intervals of 1 cm or more. This is inconsistent 
with literature which states that aside from trying to achieve 
an SL:WL ratio of 4:1, surgeons should also try to achieve a 
shorter stitch length which is associated with a lower chance 
of wound infection and incisional hernia formation.41,42  The 
mean stitch length is computed by getting the ratio of the 
suture length and the number of stitches (SL: #of stitches). 
Achieving a shorter mean stitch length means more 
consistent suturing and also placement of stitches at 
intervals of less than 5 mm. 

The majority of consultants responding to the study 
said they close the subcutaneous tissue, which is not popular 
among the residents. Current evidence on subcutaneous 
closure shows that there is no benefit to closing the 
subcutaneous tissue.43,44  Both residents and consultants are 
in agreement that subcutaneous drains are unnecessary. This 
is supported by evidence that placement of closed suction 
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drainage in the subcutaneous tissue does not prevent 
significant wound complications.45,46 

Our respondents performed skin closure either with 
skin staplers or with subcuticular sutures. The literature 
shows advantages and disadvantages to either technique. 
Subcuticular sutures provide more comfort for the patient 
since absorbable sutures eliminate the need for removal; 
however, in some cases, the sutures may be extruded if they 
are not fully absorbed.  

 Skin staples have the advantage of faster, easier 
deployment. Staples can also be removed one at a time to 
open up the wound if a surgical site infection develops. 
Staples provide an acceptable cosmetic result and are 
associated with a low rate of infection.47   

This survey showed inconsistencies in the knowledge 
and skill of the respondents in comparison with published 
literature on proper abdominal wound closure. According to 
the Philippine Society of General Surgeons (PSGS) 
Residency Manual, training of general surgery residents is 
mainly based on performance of certain procedures and 
operations.48 Wound closure is one of the skills in basic 
surgery that a trainee should learn and master. However, 
further review of the manual did not specify how this is to 
be done and at what year level in the training program it 
should be learned and mastered. It is implied that as the 
trainee learns certain abdominal operations, the trainee will 
also learn closure of abdominal wall incisions. Without a 
proper curriculum and practice simulations in either a dry 
lab or an animal model, closure of laparotomies will always 
be inconsistent and the knowledge and skill of laparotomy 
closure will be dependent on what the surgeon mentors 
teach. 

This preliminary study was conducted to evaluate how 
general surgeons learn abdominal wall closure. The majority 
of surgeons in our survey learned closure by being taught by 
their seniors or consultants (85.7%). A senior resident or 
consultant teaches the trainee by demonstrating how they 
close a laparotomy wound during actual surgery. Unless 
checked against an established standard or curriculum, this 
teaching strategy perpetuates the use of erroneous surgical 
techniques. To confirm that abdominal wound closure is 
mainly learned in this manner, the full survey should aim to 
include at least 185 respondents. The full survey should also 
include the surgeon’s awareness and practice of abdominal 
wound closure in terms of suture-to-wound length ratio and 
stitch length.  
 

Conclusion 
This preliminary survey showed that both surgical 

consultants and residents learned closure by being taught by 
their seniors. Knowledge and techniques of closure were 
adequate in practical terms but were inconsistent with 
reported literature. This demonstrates inadequacy in 
training with regards to midline laparotomy closure.   

___________ 
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