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Introduction
Cesarean delivery (CD) is one of the most commonly per-

formed surgical operations worldwide. The rate of CD is rising 
and thus increases the rate of intra-abdominal adhesions [1]. 
Intestinal injuries, bladder injuries, adhesive intestinal ob-
struction, chronic pelvic pain, and subsequent infertility could 
be serious complications of repeated abdominal surgery [2]. 
Even optimal surgical techniques cannot prevent adhesion 
formation completely.

There is no reliable way to predict the presence of in-
tra-abdominal adhesions before performing CD up till now. 
Several methods have been reported in the literature for pre-
diction of the presence of adhesions after abdominal oper-
ations such as high-resolution ultrasonography [3], magnetic 
resonance imaging [4] and skin scar healing properties [5,6]. 
Anticipating adhesions is essential to prevent complications 
by ensuring that the required preoperative preparations are 
in place and/or that appropriate cases are referred to a ter-
tiary center.
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Abstract
Objective: To evaluate the association between cesarean skin scar characteristics and intra-abdominal adhesions at 
repeat cesarean delivery (CD)

Materials and methods: The current study was a prospective cohort study carried out in a tertiary Maternity hospital. 
Three hundred women with prior CD and scheduled for elective repeat CD were included. Preoperative evaluation of 
the cesarean skin scar characteristics was performed including scar appearance, pigmentation, length and width. During 
repeat CD, intra-abdominal adhesions were evaluated and classified according to the Nair’s scoring system. The primary 
outcome was the rate and severity of adhesions and their association with the different skin scar characteristics.

Results: No difference between women with flat scars versus non-flat scars regarding the presence of adhesions (p = 
0.148). However, dense adhesions were significantly present in women with non-flat scars (71.7%) versus (46.1%) in 
the other group (p = 0.001). No difference between women with hyper pigmented and non-pigmented scars regarding 
the presence of adhesions (p = 0.448). Correlation analysis shows that Nair's score had a significant positive moderate 
correlation with scar length (r = 0.575, p = 0.032), however no correlation with scar width (r = 0.137, p = 0.082).

Conclusion: Cesarean skin scar length and presence of non-flat scars could be associated with the presence of intra-
abdominal adhesions during repeat CD.
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Check for
updates

Skin incisions do not heal homogeneously. Since the ab-
dominal skin scar of a previous CD and intra-abdominal ad-
hesions are both tissue healing processes [7], in flat scars, the 
re-modeling and maturation of wound healing are assumed 
to be perfect. Apparently, the same applied to the internal 
(intra-abdominal) healing, with less scaring.

Therefore, the current study aims to evaluate the associa-
tion between cesarean skin scar characteristics and intra-ab-
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sions were classified as filmy [grade 1 or 2] or dense [grade 
3 or 4].

All CDs were performed by one of the study investigators. 
A detailed report was completed regarding the intra opera-
tive adhesions density and locations after the surgery. The 
primary outcome of the study was the difference in the rate 
of intra-abdominal adhesions according to the skin scar char-
acteristics.

Statistical analysis
Data were collected, tabulated, then analyzed using IBM© 

SPSS© Statistics version 22 (IBM© Corp., Armonk, NY). Quanti-
tative data were presented as mean ± SD and compared using 
the unpaired t-test. Qualitative data were presented as num-
ber and percentage and compared using the Chi-square test. 
Correlation analysis was performed between cesarean scar 
length and width with Nair's score. Additionally, a multivar-
iate logistic regression model was performed for predictors 
of intra-abdominal adhesions. P-value was considered signif-
icant if less than 0.05. 

Results
We enrolled 300 women in the study after exclusion of 46 

cases as they did not meet the inclusion criteria. The mean 
gestational age of pregnancy was 38.26 ± 1.13 weeks. Eighty 
women (26.7%) had a history of previous three CDs or more. 
Of 300 women enrolled in the study, 39 (13%) had no adhe-
sions, 17 (42.4%) had filmy adhesions, and 29 (44.7%) had 
dense adhesions.

Table 1 shows the results of analysis of clinical, skin scar 
characteristics and intra-abdominal adhesions in relation to 
scar appearance. No significant difference regarding BMI, 
number of previous CDs, cesarean skin scar length and width 
between both groups. Women with non-flat scar had a signifi-
cantly higher frequency of hyper pigmented scars than wom-
en with flat ones (92.3% vs. 33.6%, p = 0.000). No difference 
between both groups regarding the presence of intra-abdom-
inal adhesions (p = 0.148). However, dense adhesions were 
significantly present in women with non-flat scar (71.7%) ver-
sus (46.1%) in the other group (p = 0.001).

The sensitivity of non-flat scars for prediction of adhesions 
was 20.3% (95%CI: 15.6 - 25.7), specificity 69.2% (95% CI: 52.4 
- 83) and the accuracy was 26.7% (95% CI: 21.7 - 32). How-
ever, the sensitivity of non-flat scars for prediction of dense 
adhesions was 28.4% (95% CI: 20.9 - 36.8), specificity 88.2% 
(95% CI: 81.3 - 93.2) and the accuracy was 57.5% (95% CI: 
51.2 - 63.5).

Table 2 shows the results of analysis of clinical, skin scar 
characteristics and intra-abdominal adhesions according to 
scar pigmentation. No significant difference regarding BMI, 
number of previous CDs, cesarean skin scar length and width 
between women with hyperpigmented and non-pigmented 
scars. Moreover, no difference between both groups regard-
ing the presence of intra-abdominal adhesions (p = 0.448). The 
sensitivity of hyper-pigmented scars for prediction of adhe-
sions was 46.4% (95% CI: 40.2 - 52.6), specificity 53.8% (95% CI: 
37.2 - 69.9) and the accuracy was 47.3% (95% CI: 41.6 - 53.1).

dominal adhesions at repeat CD. 

Materials and Methods

Study type, settings, and duration
A prospective cohort study was carried out in a tertia-

ry Maternity hospital between November 2016 and March 
2018. The study protocol was approved by the institutional 
ethical review board. After a discussion of the nature of the 
study, written consent was obtained from all study partici-
pants before enrollment. 

Study participants
We invited all women scheduled for elective repeat CD to 

participate in the study. We included pregnant women be-
tween 37 and 40 weeks gestation with at least previous one 
CD. We excluded women with previous abdominopelvic sur-
gery other than CD, midline incisions, post-operative wound 
infections, history of pelvic inflammatory disease, endometri-
osis, and chronic use of corticosteroids. Additionally, women 
scheduled for emergency CD and those suspected to have 
morbidly adherent placenta were excluded from the study. 
Finally, women declined to participate in the study were ex-
cluded.

Study tools & Intervention
At inclusion; age, parity, gestational age, previous mis-

carriage, and previous CD were evaluated. Body mass index 
(BMI) was calculated for every participant. 

On the examination bed, the cesarean skin scar character-
istics were evaluated regarding those items:

1. Abdominal scar length and width were measured with a 
plastic ruler in cm,

2. The shape of the scar: Scars were categorized as elevated, 
flat or depressed relative to the level of the surrounding 
skin. Flat scar defined as a scar flushed with the skin and 
seen as a line not depressed or elevated. Depressed scar 
is seen as a dimpled scar or depressed below the skin sur-
face. Elevated scar is seen above the level of the skin.

3. The color of the scar: Scars were categorized as hyper pig-
mented or non-pigmented compared to the neighboring 
skin.

During cesarean, intra-abdominal adhesions were eval-
uated and classified according to the Nair's scoring system 
[8] Nair et al. described their classification system as follows: 
Grade 0: Complete absence of adhesions, Grade 1: Single 
band of adhesion between viscera or from one viscus to the 
abdominal wall, Grade 2: Two bands either between viscera 
or from viscera to the abdominal wall, Grade 3: More than 
two bands between viscera or from viscera to the abdominal 
wall and Grade 4: Multiple dense adhesions or viscera direct-
ly adherent to the abdominal wall, irrespective of number or 
extent of adhesive bands. 

A modified Nair's scoring system was used to evaluate the 
association between skin scar characteristics and the density 
of adhesions. According to this modified classification, adhe-
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p = 0.032), however no correlation with scar width (r = 0.137, 
p = 0.082). According to the results of multivariate regression 
analysis, non-flat scar and hyper-pigmented scar were not 
significant predictors for development of intra-abdominal ad-
hesions (OR = 2.11, 95% CI: 0.93 - 4.81, P = 0.070 and OR = 
0.95, 95% CI: 0.47 - 1.89, p = 0.88, respectively).

Discussion
In the present study, we found that cesarean skin scar 

length and presence of non-flat scars could be associated 
with intra-abdominal adhesions during repeat CD. Intra-ab-

Table 3 shows that no difference between women with or 
without intra-abdominal adhesions regarding any of the skin 
scar characteristics or the number of previous CDs. Howev-
er, women with dense adhesions were more commonly have 
non-flat scars with higher length than those with fine adhe-
sions (p = 0.003 and 0.004, respectively) while no difference 
regarding scar pigmentation (p = 0.321). Additionally, dense 
adhesions were more common in women with previous 3 or 
more CDs (p = 0.000).

Correlation analysis shows that Nair's score had a signifi-
cant positive moderate correlation with scar length (r = 0.575, 

Table 1: Clinical, skin scar characteristics and intra-abdominal adhesions among study participants according to scar appearance.

Characteristics Flat scar (n = 235) Non-flat scar (n = 65) P-value

BMI (Kg/m2)# 25.65 ± 3.23 24.82 ± 2.81 0.060

Number of previous CD # 2.14 ± 1.16 1.95 ± 0.93 0.246

Previous ≥ 3 CD, n (%) 67 (28.5) 13 (20.0) 0.205

Scar length (cm)# 14.45 ± 1.75 14.31 ± 2.21 0.583

Scar width (mm)# 2.38 ± 1.11 2.43 ± 1.26 0.414

Scar pigmentation, n (%)

Hyper pigmented 79 (33.6) 60 (92.3) 0.000*

Non-pigmented 156 (66.4) 5 (7.7)

Intra-abdominal adhesions, n (%)

Absent 27 (11.5) 12 (18.5) 0.148

Present 208 (88.5) 53 (81.5)

Grade 1 49 (23.6) 1 (1.9)

Grade 2 63 (30.3) 14 (26.4) 0.001*

Grade 3 49 (23.6) 17 (32.1)

Grade 4 47 (22.5) 21 (39.6)

CD: Cesarean Delivery; BMI: Body Mass Index
#Data are presented as mean ± standard deviation
*Statistical significant difference

Table 2: Clinical, skin scar characteristics and intra-abdominal adhesions among study participants according to scar pigmentation.

Characteristics Hyper-pigmented scar (n=139) Non-pigmented scar (n=161) P-value

BMI (Kg/m2) # 25.73 ± 3.56 25.24 ± 2.97 0.174

Number of previous CD # 2.04 ± 1.21 2.14 ± 1.04 0.442

Previous ≥ 3 CD, n (%) 32 (23.0) 48 (29.8) 0.193

Scar length (cm)# 14.35 ± 2.06 14.48 ± 1.66 0.566

Scar width (mm) # 2.78 ± 1.01 2.63 ± 1.16 0.387

Intra-abdominal adhesions, n (%)

Absent 18 (12.9) 21 (13.1) 0.448

Present 121 (87.1) 140 (86.9)

Grade 1 19 (15.7) 31 (22.1)

Grade 2 35 (28.9) 42 (30.0) 0.521

Grade 3 30 (24.8) 36 (25.7)

Grade 4 37 (30.8 31 (22.2)

CD: Cesarean Delivery; BMI: Body Mass Index 
# Data are presented as mean ± standard deviation.
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predictive of the presence of adhesions with no statistical sig-
nificance (OR = 1.68, 95% CI: 0.86 - 3.26, p = 0.13) [11]. Our re-
sults disagree with them as hyper pigmented scars were not 
predictive for the presence of adhesions (OR = 0.95, 95% CI: 
0.47 - 1.89, p = 0.88). The sensitivity of hyper-pigmented scars 
in our study was 46.4%, and the specificity was 53.8% while 
pergialiotis, et al. found 27% sensitivity and 60% specificity 
for prediction of adhesions. 

Regarding the scar length and width, previous studies in 
the literature reported conflicting results; therefore we can-
not depend on any of them for prediction of adhesions. Our 
study found no difference between women with or without 
adhesions regarding the scar length and width. However, we 
found a significant positive moderate correlation between 
only the scar length and severity of adhesions (r = 0.575, p 
= 0.032). 

Our results agreed with Kahyaoglu et al. who reported 
similar scar length in both groups (p > 0.005) [13]. On the 
opposite hand, they found that the scar width was larger in 
patients with adhesions (p = 0.003). 

Additionally, Salim, et al. reported no difference in the 
scar length (p = 0.06) and width among both groups (p = 0.5) 
[12]. Our results were not matched with Khlifi, et al. who re-
ported that the mean length of scars was higher in patients 
with adhesions (p < 0.001), while the width was similar (p > 
0.057) [14].

In our study, patients with non-flat scars are more likely 
to have dense adhesions (71.7%) compared to those with flat 
scars (46.1%) (p = 0.001). This coincides with Dogan et al. who 
observed that the rate of dense adhesions was low (6.8%) 
in women with flat scars versus 12.7% and 31.4% in women 
with depressed and elevated scars respectively [6]. Similarly, 
Sham et al. reported that 70.4% of women with non-flat scars 
had dense adhesions versus 29.6% women with flat scars (p 

dominal adhesions development after CD is one of the signif-
icant worries for obstetricians since they may influence the 
future reproductive of those women. Long term infertility, 
chronic pelvic pain, and occurrence of ectopic pregnancy are 
common squeal for intra-abdominal adhesions [9], besides 
the likelihood of traumatic injuries and blood loss during fu-
ture adhesiolysis [10]. There is no gold standard method for 
prediction of intra-abdominal adhesions in spite of the previ-
ously reported extensive publications.

Pergialiotis et al. conducted a meta-analysis of all obser-
vational studies using cesarean skin scar characteristics for 
prediction of intra-abdominal adhesions [11]. They included 
five studies on 902 patients divided into two groups; patients 
with adhesions (n = 418) and without adhesions (n = 484) 
[6,12-15]. In this meta-analysis, they reported a higher preva-
lence of intra-abdominal adhesions among patients with non-
flat scars compared to those with flat scars [11]. The findings 
of our study are in disagreement with their results.

We found no difference between both groups regarding 
the presence of adhesions (p = 0.148). Moreover, they found 
depressed scars were predictive for the presence of adhesions 
(ΟR = 2.79, 95% CI: 1.74 - 4.46, p < 0.0001), while elevated 
scars are not (OR = 1.61, 95% CI: 0.91 - 2.85, p = 0.10). In our 
study, we could not assess the predictive value of depressed 
scar due to the low number of patients (n = 4), however non-
flat scars as a whole were not predictive for the presence of 
adhesions (OR = 2.11, 95% CI: 0.93 - 4.81, P = 0.070).

The sensitivity of non-flat scar for prediction of adhesions 
was very poor according to Pergialiotis, et al.; 14% for de-
pressed and 17% for elevated scars while the specificity was 
moderate (70% for depressed and 74% for elevated scars) 
[11]. This was matched with our results in which the sensitiv-
ity of non-flat scars was 20.3%, and the specificity was 69.2%.

Pergialiotis et al. reported that scar pigmentation was also 

Table 3: Clinical, skin scar characteristics among study participants according to Nair's score

Characteristics No Adhesions 
(score 0) (n = 39)

Adhesions (score 
1-4) (n = 261)

Filmy adhesions 
(n=127)

Dense adhesions 
(n = 134)

P-value1 P-value2

Previous ≥ 3 CD, n (%) 7 (17.9) 73 (28.0) 16 (12.6) 57 (42.5) 0.244 0.000*

Scar length (cm)# 14.69 ± 1.95 14.38 ± 1.84 14.04 ± 1.76 14.69 ± 1.87 0.327 0.004*

Scar width (mm) # 2.14 ± 1.25 2.29 ± 1.36 2.19 ± 1.07 2.31 ± 1.12 0.149 0.421

Scar appearance, n (%)

Elevated 12 (30.8) 49 (18.8) 15 (11.8) 34 (25.4)

Flat 27 (69.2) 208 (79.7) 112 (88.2) 96 (71.6) 0.176 0.003*

Depressed 0 4 (1.5) 0 4 (3.0)

Scar pigmentation, n (%)

Hyper pigmented 18 (46.2) 121 (46.4) 55 (43.3) 67 (50.0) 0.327 0.321

Non-pigmented 21 (53.8) 140 (53.6) 72 (56.7) 67 (50.0)

CD: Cesarean Delivery
# Data are presented as mean ± standard deviation
*Statistical significant difference
P-value1 for the difference between patients with and without adhesions.
P-value2 for the difference between patients with filmy and dense adhesions.
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= 0.000) [15]. On the contrary, Salim et al. and Kahyaoglu et 
al. did not find any difference between dense and filmy adhe-
sions among women with different scar appearance [12,13].

In our study, the presence of non-flat scars was 88.2% spe-
cific for prediction of dense adhesions. This means that 88.2% 
of women that have neither elevated nor depressed scars 
will have no dense adhesions during repeat CD. However, the 
sensitivity was too low (28.4%); this means that only 28.4% 
of women that have non-flat scars will have dense adhesions 
during repeat CS. Therefore, the scar appearance seems to be 
a good negative test for prediction of dense adhesions.

When patients with dense adhesions were compared with 
those with filmy adhesions, a statistically significant differ-
ence was found regarding the percentage of previous ≥ 3 CD, 
scar appearance and length, while no difference regarding 
scar pigmentation and width (p > 0.05). This was not coincid-
ing with Kahyaoglu et al. results which found no difference 
between both groups regarding all mentioned variables [13].

The strengths of the current study are the large sample 
size of the study participants. Additionally, the assessment 
of cesarean skin scar characteristics is non-invasive, simple, a 
cheap tool with no need for special training; therefore it can 
be performed by medical interns or nurses. Further trials to 
confirm our findings are recommended.

The limitations of the current study included the lack of 
operative reports of the previous CDs as the presence of any 
extension of uterine incision, closure or non-closure of the 
visceral/parietal peritoneum, and the type of suture material 
used. All these factors might affect the presence of adhesions 
and the predictive value of skin scar characteristics.

Conclusions
In conclusion, cesarean skin scar length and presence of 

non-flat scars could be associated with the presence of in-
tra-abdominal adhesions during repeat CD. This might influ-
ence the decision of who and where future repeat CD could 
be done. We recommend inclusion of cesarean skin scar char-
acteristics evaluation in the pre-operative examination for 
women with previous CD. Further trials should be instituted 
for evaluation of skin scar characteristics before any future 
laparoscopic procedures in patients with previous surgeries 
as it may affect the surgical approach choice.
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