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Is there any superiority of the different abdominal 
closure techniques for primary closure in high-risk 
patients?

Mürşit Dincer, Erhan Aygen

A b s t r a c t

Introduction: Incisional hernia continues to be one of the major problems of 
surgery due to its high incidence rate and high morbidity. The aims of this 
study are to compare different repair techniques with primary repair tech-
niques for the risk of incisional hernia.
Material and methods: High-risk patients who had a midline incision of the 
abdomen were included in this study. Patients were divided into four groups. 
Each group contained 20 patients. Patients of group 1 were operated on 
using primary repair. In group 2 Cardiff repair technique was used. The pa-
tients in group 3 were repaired with Keel technique. The patients of group 4 
were repaired with onlay technique. Patients were followed up with physical 
examination at 3-month periods in the first year after surgery and 6-month 
periods in the following two years. Incisional hernia, occurrence time and 
other complications were noted.
Results: Eighty patients who had high risk of incisional hernia were included 
in this study. 47.5% of them were female and 52.5% of them were male. The 
average age of patients was 59.2 ±12.95. Average hospitalization time was 
8.5 days (4–28 days). Average follow-up was 18 months (6–34 months). In 
total 4 (5%) patients had recurrence. Fifteen percent of patients in group 1 
had recurrence and 5% of patients in group 2 had recurrence. There was no 
recurrence in other groups. There was no significant difference for incisional 
hernia and the other complications between groups (p = 0.368).
Conclusions: There was no significant difference between the techniques in 
terms of the development of incisional hernias or complications.

Key words: incisional hernia, abdominal surgery, repair techniques of 
abdominal incisions.

Introduction

Hernia that occurs after incision on the anterior wall of the abdomen 
is called incisional hernia. Incisional hernia causes significant losses of 
work productivity and reduces quality of life in daily life. Incisional hernia 
continues to be one of the major problems of the surgery due to its high 
incidence rate and high morbidity. The rates of developing incisional her-
nia after laparotomy range from 2% to 11% [1–3].

In general, it was shown that there is no significant difference in her-
nia development between interrupted or continuous suturing techniques 
and between mass closure or layered closure of incisions. It was reported 
that the closure process with continuous suture technique is complet-
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ed in a shorter time and the cost of the suturing 
material is lower and this technique does not in-
crease the risk of incisional hernia. In addition, the 
continuous suture technique has the advantages 
of distributing the tensile strength to the entire 
wound margin and creating less tissue necrosis 
[1, 4, 5].

In this study, the differences between the dif-
ferent closure techniques and the primary closure, 
the relationship between the time of separation 
of the edges of the fascia and incisional hernia, 
the time of hernia development of different tech-
niques and the effects of the risk of developing 
hernia were investigated in the patient groups 
who were at high risk in terms of incisional hernia 
development.

Material and methods

The cases in which laparotomy was performed 
with a midline incision at the Firat University Hos-
pital General Surgery Clinic between April 2008 
and December 2010 and the development rate 
of incisional hernia was high were included in the 
study. The high risk identification criteria are given 
below:
•  Advanced age (over 60 years),
•  Obesity (body mass index (BMI) ≥ 30 kg/m2),
•  Patients with malignancy and/or receiving che-

motherapy,
•  Immunosuppressive drug use,
•  Diabetic,
•  Chronic obstructive pulmonary disease (COPD) 

diagnosis.
The age, gender, occupation, body mass index, 

additional systemic diseases and other existing 
pathologies of each patient were recorded in the 
special forms prepared for these patients. Bio-
chemical, hematological and other necessary tests 
were routinely performed before the operations. 
American Society of Anesthesiologists (ASA) risk 
values were recorded. Patients were prepared for 
elective surgery. Total parenteral nutrition (TPN) 
was given to malnourished patients before and 
after surgery by evaluating nutrition levels. Rou-
tine nutrition was applied to patients in the post-
operative period. A  single prophylactic antibiotic 
was administered to all patients before surgery. 
A single dose of additional antibiotics was given 
to the patients in whom a prosthesis was used.

The selected cases were divided into 4 groups 
consisting of 20 people according to the tech-
niques of closure. Non-absorbable monofilament 
polypropylene suture as suture material was used 
in all cases. The fascia of the cases in group 1 was 
closed as a primary. The Cardiff method was used 
in group 2. In group 3 cases, the Keel method was 
applied. The fascia of the cases in group 4 was 
closed by placing onlay patch on continuous sutur-

ing. Patients were checked by performing physical 
examination at intervals of three months in the 
first year and intervals of 6 months in the second 
and third years after surgery. Incisional hernia de-
velopment, its duration and other complications 
were recorded. The performed procedures were 
compared in terms of the sizes of incisions made, 
operation times, blood transfusions performed 
during and after surgery, time to remove the drain 
in cases of using drainage, complications during 
follow-up, time to remove sutures, duration of 
hospitalization and follow-up periods in the post-
operative period.

The patients were mobilized as soon as possi-
ble after the operation. Respiratory exercises were 
performed in the early period. The patients were 
examined every day during the hospitalization. 
Daily wound care was performed as regular and 
standard, and any complications were record-
ed. Drain was removed when drainage was less 
than 20 ml/day in patients in whom an abdom-
inal drain was applied. In the shortest possible 
time, drugs were given to patients receiving oral 
medical treatment for additional systemic diseas-
es. Standard antibiotherapy was not established. 
Patients were checked with clinical examination 
at every 3 months for the first year and every 6 
months for the 2 years after the first year. Defect 
size and hernia development durations were re-
corded in patients with determined incisional her-
nia development in clinical controls.

Ethics committee approval was received for the 
present study from Firat University Ethics Com-
mittee.

Statistical analysis

The SPSS program was used for statistical anal-
ysis in the study. The groups were assessed by the 
Kolmogorov-Smirnov test for incisional hernia 
development, hernia defects, and performed op-
erations, and by the Kruskal-Wallis test for age, 
gender, complications, incision types and sizes.

Results

Eighty patients with risk of developing incision-
al hernia were included in the study; 38 (47.5%) 
patients were female and 42 (52.5%) were male. 
The mean age was 59.2 ±12.95. The youngest pa-
tient was 27 years old and the oldest patient was 
86 years old. There was no significant difference 
between the groups in terms of age, gender, or 
risk distribution (Tables I and II).

In the cases, midline incisions were used (Ta-
ble III). The performed procedures, shape and size 
of incision were recorded (Tables IV and V). There 
were no significant differences between groups in 
terms of operation time, hospital stay, and blood 
transfusion (Table VI). The mean duration of hos-
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pitalization was 8.5 days (4–28 days). The mean 
follow-up period was 18 months (6–34 months).

In follow-ups, incisional hernia developed in 
a total of 4 cases (5%). The developmental rate of 
incisional hernia in group 1 was 15% and in group 2  
it was 5%. No incisional hernia developed in the 
other groups. There was no statistically significant 
difference between groups in terms of incisional 
hernia development (p = 0.368).

All cases with hernia development contained 
more than one risk factor. All the patients had ma-

lignancy. The largest defect size in the cases was 
measured as 15 × 10 cm (Table VII). There was no 
significant difference between the incision size 
and the development of incisional hernia.

In the early period, wound-site complications 
such as hematoma, seroma and infection devel-
oped in 12 (15%) cases. Incisional hernia devel-
oped due to wound infection in 3 of the cases 
with complications. Most of the wound compli-
cations were seen in the group in which primary 
repair was applied (Table VIII). The patient with 

Table I. Age and gender 

Parameter Group 1 
(n = 20)

Group 2
(n = 20)

Group 3
(n = 20)

Group 4
(n = 20)

Total P-value

Age 56.55
(27–83)

56.85  
(30–76)

65.65
(39–86)

57.75 
(39–75)

59.2 
(27–86)

0.138*

Gender:

Female 7 11 8 12 38 0.339*

Male 13 9 12 8 42

*Kruskal Wallis test, p < 0.05 values are significant.

Table II. Risk groups

Parameter Group 1 Group 2 Group 3 Group 4 Total

n % n % n % n % n %

Age 10 50 9 45 15 75 9 45 43 53.75

Diabetes mellitus 8 40 4 20 7 35 5 25 24 30

Immunosuppression 2 10 4 20 1 5 3 15 55 68.75

COPD 4 20 1 5 3 15 0 0 8 10

Obesity 5 25 3 15 2 10 2 10 12 15

Gastric cancer 7 35 6 30 6 30 9 45 28 35

Colon cancer 4 20 6 30 7 35 4 20 21 26.25

Rectum cancer 4 20 2 10 2 10 2 10 10 12.5

Esophagus cancer – – 2 10 2 10 – – 4 5

Table III. Incisions

Parameter Group 1 Group 2 Group 3 Group 4 Total P-value

n % n % n % n % n %

Upper median incision 10 50 9 45 12 60 11 55 42 52.5 0.637*

Lower median incision 8 40 8 40 8 40 7 35 31 38.75

Upper + lower median 
incision

2 10 3 15 0 0 2 10 7 8.75

*Kruskal-Wallis test, p < 0.05 values are significant.

Table IV. Incision lengths

Parameter Group 1 Group 2 Group 3 Group 4 P-value

Average incision 
lengths [cm]

13.3 (10–22) 12 (8–15) 12.8 (10–15) 13.4 (10–25) 0.660*

*Kruskal Wallis test, p < 0.05 values are significant.
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Table V. Surgical procedures

Procedure Group 1 Group 2 Group 3 Group 4 Total

Colectomy 4 6 5 5 20

Gastrectomy 7 6 4 6 23

Low anterior resection 4 2 1 2 9

Partial small bowel resection 2 – – 1 3

Sigmoid resection 1 1 2 1 5

Intra-abdominal biopsy 2 1 4 3 10

Esophagectomy – 2 1 – 3

Splenectomy – 1 – – 1

Intra-abdominal mass excision – 1 3 – 4

Gastrojejunostomy – – – 2 2

Table VI. Follow-ups

Parameter Group 1 Group 2 Group 3 Group 4

Operation times [h] 3.3 (1.5–6) 2.6 (1–5.5) 3.4 (1–6) 3.7 (2–5.5)

Hospital stay [days] 8.8 (4–24) 7.8 (4–15) 8.2 (5–17) 9.2 (7–19)

Blood transfusion (n/%) 13/65 8/40 9/45 9/45

Table VII. Incisional hernia development duration and defect size

Parameter Patient 1 Patient 2 Patient 3 Patient 4

Group 1 1 1 2

Hernia development periods 3 month 1 month 12 day 1 year

Defect size 15 × 10 cm 8 × 5 cm 7 × 4 cm 12 × 10 cm

Table VIII. Complications

Complication Group 1 Group 2 Group 3 Group 4 P-value

Wound infection 4 3 – 5 0.143*

Wound disintegration 2 3 1 3 0.715*

Wound abscess – 4 2 – 0.05*

Intra-abdominal 
abscess

– – 1 –

Cough – – 1 –

Tachycardia 1 – – –

Pneumonia – – – 1

Seroma – – – 3

Hematoma – – – 2

Rectovaginal fistula 1 – – –

Atelectasis – 2 – 1

*Kruskal-Wallis test, p < 0.05 values are significant.
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rectovaginal fistula complication was treated con-
servatively. In the group in which a prosthesis was 
used, seroma in 3 cases and hematoma in 2 cases 
developed. These complications were treated with 
daily aspirations. In group 3, an intra-abdominal 
abscess developed in one case and image-guided 
drainage was performed.

As a result of this study, there was no statistical-
ly significant difference between these techniques 
in terms of the incisional hernia development and 
the complications (p = 0.368). There was no sta-
tistical significance in terms of risk factors investi-
gated and incisional hernia development.

Discussion

Incisional hernia is one of the most common 
problems after surgical procedures performed 
on the abdomen. It is accepted that the report-
ed incidence of incisional hernia is between 2% 
and 11% and shows variability. Incisional hernia 
causes significant losses of work productivity and 
reduces the quality of life in daily life. Incisional 
hernia continues to be one of the major problems 
of the surgery due to its high incidence rate and 
high morbidity [2, 6, 7]. In the development of in-
cisional hernia, it may not be possible to change 
uncontrollable factors related to the patient (age, 
sex, additional disease, general body weakness). 
However, the controllable factors (obesity, incision 
shape, surgical technique, contamination, suture 
material) may be minimized by the right choice 
and proper practice [8]. Incisional hernia is not 
only specific to elderly illness, but wound healing 
is impaired in patients over 60 years of age. The 
presence of systemic sepsis and negative nitrogen 
balance during primary surgery causes poor tissue 
healing. For this reason, sepsis should definitely 
be treated before elective surgery. In patients with 
carcinoma, cirrhosis, hypoalbuminemia, vitamin 
deficiency, uremia, jaundice, and transplantation, 
the immunosuppression causes general body 
weakness and poses a high risk for incisional her-
nia. In the postoperative period, pulmonary com-
plications increase the tension in the wound by 
causing coughing and thus increase the incidence 
of hernia development. It was detected that the 
chronic use of immunosuppressive agents is detri-
mental to primary wound healing [9].

In most of the etiologic factors, the problem 
is that excessive tension develops in the incision 
and the wound healing is bad [10, 11]. Incision 
shape is one of the most important factors of 
wound healing and is under the surgeon’s control. 
Transverse incisions heal better than vertical in-
cisions and cause less herniation [10]. Likewise, 
careful closure of the incision also affects wound 
healing. If the sutures are placed at a distance of  
1 cm or less from the edge of the fascia, the sutures 

can cut the fascia edge. Therefore, when a vertical 
incision is used, the sutures should be placed at 
least 2 cm from the edge of the fascia [12, 13].

In a study of excessive tension and tissue re-
sistance, Douglas reported that wounded aponeu-
rotic tissue reached 20% of the original resistance  
4 months after injury, and 80% of the original 
resistance 8 months after [14]. This study shows 
that it is necessary to use late-absorbable suture 
material in the closure of abdominal incisions. For 
this reason, an absorbable stitch must provide 
resistance for at least 8 weeks to avoid risk of 
wound dehiscence. The 2.7 kg breaking resistance 
is protected by catgut for 3 weeks, vicryl suture for 
4 weeks, and PDS suture for 8 weeks. PDS is a bio-
synthetic absorbable material with 1.7 times high-
er tension resistance when applied as a monofila-
ment with the same diameter, and it protects 50% 
of the power for 5 weeks. The incidence of inci-
sional hernia was thought to be higher in absorb-
able suture materials than non-absorbable su-
ture materials. However, in studies it was shown 
that there was no significant difference between 
late-absorbable suture materials such as PDS, and 
non-absorbable suture materials in terms of inci-
sional hernia development [11, 12, 15].

In a  study conducted at the Toronto Should-
ice Clinic, it was reported that 5.6% of incisional 
hernias occurred in the first 2 weeks, 52% in the 
first 6 months, 67% in the first year, 78% in the 
first 2 years and 88% in the first 4 years [16]. In 
our study, incisional hernia developed in four of all 
cases, and incisional hernias in all of these four 
cases developed in the first year. Incisional hernia 
occurred in the first case in the first 2 weeks, in 
the second case at the end of the first month, in 
the third case in the third month, and in the last 
case at the end of the first year.

Various modifications of the primary closure 
were on trial to prevent the development of inci-
sional hernia. In an experimental study conduct-
ed by Meeks et al., the primary repair and Cardiff 
technique were compared; it was found that the 
Cardiff technique took a longer time but was sta-
tistically significantly more effective [17].

In primary repair, recurrence rates are high be-
cause of tension caused by sutures in the incision 
area [18]. The number of procedures performed 
with prosthetic materials increased rapidly after 
the description of tension-free surgery by Lichten-
stein et al. Concordantly, the recurrence rate also 
fell below 20% [19]. In another study conducted in 
patients at risk in terms of wound healing, it was 
shown that the application of onlay patch after 
primary closure of laparotomies reduces the rate 
of incisional hernia development [20].

In this study, abdominal wall incisions were re-
paired with different primary repair modifications 
and onlay patch method, and the superiority of 
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these techniques to each other was compared 
in the postoperative period in terms of incision-
al herniation and complications. Incisional hernia 
developed at a rate of 15% in the primary repair 
group and 5% in the group repaired with the Car-
diff technique. Incisional hernia did not develop 
in the group treated with the Keel technique or 
in the group repaired with the onlay patch. It was 
detected that there was no statistically significant 
difference between the groups in terms of hernia 
development. It was found that the incisional her-
nia occurred more often in cases where wound 
complications developed.

In the literature, it was reported that rates of 
wound complications such as hematoma, seroma 
or infection after incision repair were in the range 
0–36% [21, 22]. When wound infection alone is 
considered, it increases the risk of developing her-
nia 4-fold [23]. In this study, such complications 
developed in 15% of cases (12 cases). Incisional 
hernia developed due to wound infection in three 
of the cases with complications. When all cases 
were compared, the rate of hernia development 
was 3.75%, whereas it was 25% among patients 
with complications. Most of the wound complica-
tions were observed in the primary repair group 
but no marked and significant difference was 
found between the groups.

In conclusion, in this study, it was found that 
in cases at high risk in terms of incisional hernia 
development, good results can be obtained with 
appropriate surgical techniques both in primary re-
pair modifications and in repair with onlay mesh. 
Although there is no statistical difference between 
the techniques in terms of incisional hernia de-
velopment and complications, studies with larger 
numbers of cases and longer follow-up times will be 
appropriate in terms of confirmation of the results.
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