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Abstract

Background: Many factors affect the risk of wound com-
plications after Cesarean delivery. Not much research was
done on skin incision length and whether it affects wound
healing. Understanding the several factors affecting
wound healing may help decrease the maternal mortality
rate after Cesarean delivery and avoid the occurrence of
different wound complications.

Objective: Evaluation of the relationship between ce-
sarean skin incision length and different post-operative
wound complications.

Methods: This prospective observational study includ-
ed 130 women scheduled for Cesarean delivery in Ain
Shams University maternity hospital. The skin incision
length was measured for all patients who passed the in-
clusion criteria. Follow-up was done after two weeks and
up to six weeks after delivery to observe possible wound
complications. Data was collected, and the results were
analyzed. Post-operative pain was assessed for its associ-
ation with skin incision size as a secondary outcome.

Results: The population was divided into two groups. In
the group with an incisional length <17 cm, the rates of
infection, separation/dehiscence, seroma/hematoma, and
local cellulitis are 9.5%, 5.4%, 1.4%, and 8.1%, respec-
tively. In contrast, in the group with an incisional length
>17 cm, the rates are higher for all complications: 19.6%,
23.2%, 16.1%, and 26.8%, respectively. The statistical
test reveals a significantly higher occurrence of separa-
tion/dehiscence, seroma/hematoma, and local cellulitis in
the larger incisional length group.

Conclusion: Large Cesarean skin incision length was as-
sociated with an increased risk of post-operative wound
complications.

Keywords: Cesarean section; Incision length; Wound
complications; Risk factors.

Introduction

Cesarean delivery, or C-section, is one of the most per-
formed surgeries worldwide, often essential in cases
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where a vaginal birth may pose risks to the
mother or child. !

New research from the World Health Orga-
nization (WHO) reveals that global rates of
cesarean sections continue to rise, now rep-
resenting over 1 in 5 (21%) of all births. This
trend is expected to persist, with projections
suggesting that nearly one-third (29%) of all
deliveries could be by Caesarean section by
2030."!

The prevalence rate of cesarean delivery has
risen in Egypt, with a rate now exceeding
52%.2

While cesarean deliveries can be lifesaving and
are considered safe, they are associated with
unique challenges and risks that affect maternal
recovery. One of the critical concerns in C-sec-
tion procedures is the potential for post-oper-
ative wound complications, which can vary
widely in severity and impact * %>,

Post-operative wound complications follow-
ing a C-section include surgical site infections
(SSI), dehiscence (reopening of the wound),
hematomas (localized blood collection), and
seromas (fluid buildup in the wound area). °

These complications can hinder the recovery
process, prolong hospital stays, increase the
need for medical interventions, and negative-
ly affect a new mother’s overall health and
well-being. SSIs, for example, can lead to
systemic infections if not addressed prompt-
ly, while dehiscence may require additional
surgical procedures to ensure proper wound
closure. Hematomas and seromas also pose
risks as they can become infected, cause
pain, and contribute to delayed healing. In
addition to the physical effects, wound com-
plications can cause emotional distress, af-
fecting a mother’s ability to care for her new-
born child effectively. " ®

Several factors contribute to the risk of
wound complications following a cesarean
section. Patient-related factors, such as obe-
sity, diabetes, and immune status, can sig-
nificantly affect the wound healing process.

Obesity and diabetes are known to compro-
mise blood circulation and immune function,
increasing the likelihood of infections and
delayed healing. Age, nutritional status, and
history of smoking also play roles, as each
can impact the body’s ability to heal and fight
infections. Procedural factors, including the
surgical environment, use of prophylactic
antibiotics, and post-operative care, are also
crucial in minimizing risks. * '°.

However, one factor that has garnered at-
tention in recent years is the length of the
incision used during the C-section. Incision
length is particularly important because a
longer incision may expose more tissue to
potential contaminants, increase blood loss,
and extend the time needed for healing. °

Studying the impact of incision length on
post-operative wound complications is es-
sential for understanding how surgical prac-
tices might be optimized to improve mater-
nal outcomes.

By examining the relationship between in-
cision length and wound complications,
healthcare providers may be better posi-
tioned to develop guidelines that minimize
risks associated with cesarean deliveries.
Reducing wound complications not only
benefits maternal health but also lessens the
burden on healthcare resources by reducing
hospital stays, follow-up procedures, and the
need for additional treatments. As C-section
rates continue to rise, gaining insight into
factors like incision length can lead to safer
and more effective surgical practices. *

This research is therefore critical to advancing
maternal care, improving recovery outcomes,
and supporting the overall health and well-be-
ing of mothers’ post-cesarean delivery.

Methods

This is a prospective observational study.
Before the study began, the Faculty of Med-
icine Ain Shams University Research Ethics
Committee (FMASU REC) granted ethical
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permission, and all subjects provided verbal
agreement.

It was conducted in the Obstetrics and Gyne-
cology Department at Ain Shams University
Maternity Hospital, and it took 6 months to
collect the required data. This study includ-
ed 130 pregnant women who were scheduled
for a cesarean delivery.

Using the PASS 11 program for sample size
calculation, setting the confidence interval at
95% and the level of margin at 5%, it is es-
timated that a sample size of (111) pregnant
women undergoing cesarean delivery will be
required to detect an expected incidence of
7.8% of postoperative wound complications
after cesarean section regarding Subramani-
am et al., 2020. Assuming dropout is 15%, a
sample size of at least 130 women undergo-
ing cesarean delivery was needed.

2.1. Inclusion criteria

Pregnant women with gestational age more
than 34 weeks, Women admitted for elec-
tive cesarean delivery for: previous CS, fetal
mal-presentation, feto-pelvic disproportion
or macrosomia, previous uterine surgery, ad-
vanced maternal age, and hypertension.

2.2. Exclusion criteria

Patients refusing to participate in the study,
Women admitted for other gynecological sur-
geries or procedures, Women admitted for un-
scheduled cesarean delivery in labor or with
membrane rupture for more than 4 hours,
Patients with comorbidities that may affect
wound healing such as DM, severe anemia,
and HIV High pre-pregnancy BMI. (More
than 30kg/m2), Long duration of surgery.
(More than one hour), Long hospital stay.
(More than 3 days), Corticosteroids adminis-
tration, History of surgical site infection.

2.3. Ethical considerations

An informed oral consent explaining the pro-
cedure details was obtained from all patients
before the inclusion of this study.

The study was conducted according to the

stipulation and after acceptance by the ASU
ethical and scientific committee.

The privacy of the participants and confiden-
tiality of data was guaranteed during the var-
ious phases of the study.

2.4. Study procedures

« All participants with a recorded cesarean
skin incision length (regardless of type of
incision) were included.

» All participants received a standard pro-
phylactic antibiotic protocol. (Cefotax-
ime lgm intravenous administration 30
minutes before skin incision as a single
dose)

» Surgery was conducted by a single team
of surgeons at Ain-Shams University Ob-
stetric Hospital.

* The cesarean skin incision length was
measured (in centimeters) with a sterile
tape just before skin closure.

*  Wound depth was measured after the clo-
sure of the sheath and before the closure
of the subcutaneous fat by finding the
deepest point in the wound and measur-
ing the depth using sterile tape from the
bottom to the edges of the skin.

» Post-operative pain was assessed using
VAS (Visual analog scale). Women were
asked to point out how they felt on a scale
from 1 to 10, where 1 meant no pain at all
and 10 was the worst pain possible.

 Participants were observed for any post-op-
erative wound complications such as:

I. Wound infection: presents with erythema,
discharge, and induration of the incision. It
could be superficial or deep and includes Ab-
scess formation.

II. Wound separation/dehiscence.

III. Seroma or Hematoma, which is a collec-
tion of serous fluid or blood leading to wound
breakdown.

IV. Local cellulitis: Diffuse skin infection,
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not necessarily related to a surgical site. It
can occur anywhere but may involve the area
surrounding a surgical incision. Character-
ized by erythema, warmth, and swelling with
poorly demarcated edges and mostly no dis-
charge.

* Follow up for up to two weeks.
* Results were recorded and compared.
2.5. Study outcomes

The primary outcomes are a composite of
wound complications, defined as any of the
following: wound infection, and non-infec-
tious wound morbidity.

(separation/dehiscence, seroma, hematoma,
or local cellulitis) Up to 6 weeks post-par-
tum.

The secondary outcome was postoperative
pain and its degree.

Study Parameters were Wound depth, edema
of the anterior abdominal wall and its type,
extension of wound beyond the Rectus Ab-
dominus muscle, distance of incision in cen-
timeters from the Symphysis Pubis, removal
of previous scar, the use of drain and the use
of postoperative prophylactic antibiotics and
its type.

Statistical Analysis

The collected data was revised, coded, and
tabulated using the Statistical Package for

Social Science (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.). The Data
was presented, and suitable analysis was
done according to the type of data obtained
for each parameter. The quantitative data
was presented in the form of mean, standard
deviation, and ranges. Qualitative variables
were also given numerically and as percent-
ages. The Kolmogorov-Smirnov and Shap-
iro-Wilk tests were used to examine the data
for normality.

Results

The current study was executed on 130 wom-
en after cesarian section operations. They
were divided into two groups according to
CS incisional length:

 First group: who had CS incisional length
<17 cm (n=74)

» Second group: who had CS incisional
length >17 cm (n= 56)

Study groups were compared according to
demographic data, lesion characteristics,
and relation to post-operative complications
during the follow-up period. ROC curve
analysis was used to measure the sensitivity
and specificity of incisional length in predic-
tions of complications. Regression analysis
was performed to detect associated risk fac-
tors with postoperative complications.

Table 1: Comparison between studied groups according to obstetric history.

X2: Chi-square test, * for significant p-value (<0.05)

Variable
<17 cm >17cm
Number
Nulliparous 19(25.7%) 1(1.8%)
Parity Primiparous 16(21.6%) 15(26.8%)
Multiparous 39(52.7%) 40(71.4%)
Test Result X2:14.021, p=0.001*
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Figure 1: Comparison between groups according to parity.

Table 2: Comparison between study groups according to postoperative wound compli-
cations.

X2: Chi-square test, * for significant p-value (<0.05)

Variable <17 cm >17c¢m
Test Result
Number n=74 n=56
Infection n (%) 7(9.5%) 11(19.6%) X2:1.983, p=0.159
Separation/ Dehiscence | n (%) 4(5.4%) 13(23.2%) FE: p=0.004*
Seroma/Hematoma n (%) 1(1.4%) 9(16.1%) FE: p=0.002*
Local cellulitis n (%) 6(8.1%) 15(26.8%) X2:6.889, p=0.009*
— =
= s17em s
25 | &= >17 em
g
§ 15
:
! Infection parati Local cellulitis

Figure 2: Comparison between study groups according to
postoperative wound complications.

Egypt.J.Fertil.Steril. Volume 29, Number 5, Sep. - Oct., 2025 137



Yossra A. Sameh

Table 3: Comparison between studied groups according to post-operative pain degree.
Z: Mann Whitney test

Variable <17 cm >17cm
Test Result
Number n=74 n=56
Mean = SD 6.85+1.15 6.86+1.12

Post-operative pain
degree Median 7.00 (4.00-
(Min-Max) 7.00 (4.00-9.00) 9.00)

Table 4: Comparison between studied groups according to wound depth.
Z: Mann Whitney test, * for significant p-value (<0.05)

Z:0.056, p=0.955

Variable <17 cm >17cm
Test Result
Number n=74 n=56
Mean + SD 3.49+0.51 3.71 £0.57
Wound Depth (cm) . _ Z: 2.050, p=0.030*
Median | 3 50 (2 50-5.00) | 400 300
(Min-Max) 5.00)

Table 5: Comparison between study groups according to wound characters.
X2: Chi-square test, * for significant p-value (<0.05)

Variable <17 cm >17cm
Test Result
Number n=74 n=56
Edema of the anterior ) _
abdominal wall No 74(100.0%) 56(100.0%) X2:0.000, p=1.000
lfé‘ctf;‘:x; dl(’)‘:fl‘i’:js n (%) 0(0.0%) 4(7.1%) FE: p=0.032*
Previous Scar removal n (%) 45(60.8%) 48(85.7%) X2:8.525, p=0.004*
Drain usage n (%) 7(9.5%) 18(32.1%) X2:9.150, p=0.002*

Table 6: Comparison between studied groups according to distance from symphysis pu-
bis.

Z: Mann Whitney test, * for significant p-value

Variable <17 cm >17cm
Test Result
Number n=74 n=56
Mean + SD 2.22 +£0.57 243 +£0.58

Distance from
symphysis Pubis (cm) Median . 2.50 (1.00-
(Min-Max) 2.00 (1.00-4.00) 3.00)

Z:2.233,p=0.015%*
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Table 7: Comparison between study groups according to post-operative prophylactic

antibiotics.

X2: Chi-square test

Variable <17 cm >17c¢m
Test Result
Number n=74 n=56
No antibiotic 19(25.7%) 8(14.3%)
Post-operative prophy- N o X2:2.522,
lactic antibiotics Local 28(37.8%) 24(42.9%) p=0.283
Systemic 27(36.5%) 24(42.9%)

Table 8: Value of incisional length in prediction of post-operative complications.

AUC, area under ROC curve;

CI, confidence interval; *: Significant <0.05

Incisional length (cm)

AUC 95% CI P Cut off | Sensitivity (%) | Specificity (%)
0.689 0.602 to 0.767 | <0.001* >17 69.05 69.32
Incision length
100
80—
> 60
Z !
= L
w
k= .
@
w 40
201
- AUC = 0.689
i P < 0.001
o —‘l I 1 1 l ' 1 l 1 L 1 I 1 L ] | 2 1
0 20 40 60 80 100
100-Specificity

Figure 3: ROC curve analysis for prediction of
postoperative wound complications
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Table 9: Logistic regression analysis of risk factors associated with complications.
OR odds ratio; CI, confidence interval, *: Significant <0.05

Variable p-value OR CI Lower 5% CI Upper 95%
Age 0.963 1.001 0.951 1.054
Parity 0.810 1.135 0.476 2.708
Incision length 0.001* 1.321 1.148 1.519
Wound depth 0.073 1.871 1.053 3.324

e Normality of data

The Shapiro-Wilk test was done to evaluate
the normality of data distribution.

* Descriptive statistics:

Mean, Standard deviation (= SD), Median,
and range numerical data.

Frequency and percentage of non-numerical
data.

* Analytical statistics:

Student T Test was used to assess the statisti-
cal significance of the difference between the
two-study group means.

Mann Whitney Test (U test) was used to as-
sess the statistical significance of the differ-
ence of a non-parametric variable between
two study groups.

The chi-square test or fissure exact was used
to examine the relationship between two
qualitative variables.

The ROC Curve (receiver operating char-
acteristic) provides a useful way to evaluate
the sensitivity and specificity of quantitative
diagnostic measures that categorize cases
into one of two groups. The optimum cut-off
point was defined as that which maximized
the AUC value. AUC is that a test with an
area greater than 0.9 has high accuracy,
while 0.7-0.9 indicates moderate accuracy,
0.5-0.7, low accuracy, and 0.5 a chance re-
sult.

* Regression analysis:

Logistic regression analyses were used for
the prediction of risk factors when the de-
pendent variable is categorical, using gener-
alized linear models.

An odds ratio (OR) is a measure of associa-
tion between exposure and an outcome. The
OR represents the odds that an outcome will
occur given a particular exposure, compared
to the odds of the outcome occurring in the
absence of that exposure.

The 95 % confidence interval (CI) is used to
estimate the precision of the OR. A large CI
indicates a low level of precision of the OR,
whereas a small CI indicates a higher preci-
sion of the OR.

* Probability of results:

A p-value is considered significant if <0.05 at
a confidence interval of 95%.

Discussion

In this study, 130 women who underwent ce-
sarean delivery were divided into two groups
based on the length of their skin incision. One
group had incisions shorter than 17 cm, while
the other had incisions longer than 17 cm.

As shown in Table 2, there was a notable
difference in wound complications between
the two groups, with longer incisions linked
to an increased likelihood of post-operative
complications.

Although infection rates between the groups
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were similar, with a P-value of 0.159 (not
reaching the significance threshold of 0.05),
other complications, such as local cellulitis,
were significantly associated with incision
length, suggesting that while incision size may
not significantly affect SSI risk, it does influ-
ence the likelihood of other wound issues.

Nagaria et al., however, observed different
findings, showing that in a study of 1,215
women, a cut-off incision length of 14.7 cm
was associated with sensitivity and specific-
ity rates of 74% and 90.9% respectively for
predicting SSI. 12

Subramaniam et al. provided additional in-
sight, indicating no independent correlation
between incision length and either infectious
or non-infectious wound complications. 5

Their analysis, conducted on a larger cohort
of 2,013 women, divided by incision lengths
into groups under 14 cm and over 16.5 cm,
found no association between incision size
and wound issues, suggesting that factors
beyond incision length might play a role in
wound healing outcomes. 5

De Vivo et al. also explored this factor in 212
women and found that incisions greater than
16.6 cm were associated with higher risks for
complications, attributing this to increased tis-
sue exposure and disruption during surgery. 11

Table 4 compares wound depth across study
groups. For the group with an incisional
length of <17 cm, the mean wound depth is
3.49 cm, with a standard deviation of 0.51
cm. Conversely, the group with an incisional
length >17 cm shows a higher mean wound
depth of 3.71 cm and a standard deviation of
0.57 cm. Statistical analysis indicates a sig-
nificant difference in wound depth between
the two groups.

In Table 5, it highlights a comparison of
wound characteristics between the study
groups. Both groups exhibit a 100.0% ab-
sence of edema in the anterior abdominal
wall. However, exact statistical tests reveal
significantly higher frequencies in the >17

cm incisional length group for extension be-
yond the rectus abdominis, previous scar re-
moval, and drain usage.

Meanwhile, a comparison of the study groups
according to the distance from the symphysis
pubis is shown in Table 6. In the group with
an incisional length of <17 cm, the mean dis-
tance is 2.22 cm with a standard deviation
of 0.57 cm. In contrast, in the group with an
incisional length >17 cm, the mean distance
1s slightly higher at 2.43 cm with a standard
deviation of 0.58 cm. Statistical analysis in-
dicates a significantly greater distance from
the symphysis pubis in the >17 cm incisional
length group.

Additionally, Table 7 presents a compari-
son of postoperative prophylactic antibiotic
administration between the study groups.
Among participants with an incisional length
of <17 cm, 25.7% received no antibiotics,
37.8% were given local antibiotics, and
36.5% received systemic antibiotics. Simi-
larly, in the group with an incisional length
>17 cm, 14.3% received no antibiotics,
42.9% were administered local antibiotics,
and 42.9% received systemic antibiotics. The
chi-square test shows no significant differ-
ence in the distribution of antibiotic adminis-
tration methods between the two groups.

Subsequently, Table 8 and Figure 3 demon-
strate the value of incision length in pre-
dicting possible post-operative wound com-
plications with a cut-off value of 17cm.
A sensitivity of 69.05% and specificity of
69.32% 1s calculated.

On the other hand, the De Vivo study high-
lighted 16.6 cm as an optimal incision cut-
off point for sensitivity and specificity at
68%.11.

Further analyses in this study showed no sig-
nificant differences in post-operative pain
between the incision groups, as shown in Ta-
ble 3.

Similarly, Nicholls-Dempsey et al. found
no correlation between incision length and
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pain in a study of 107 women, with incision
lengths ranging from 13 to 22 cm.12.

In contrast, Clifford et al. suggested that larg-
er incisions might correlate with higher pain
scores, though further validation is needed
due to their smaller sample size. 14

Interestingly, patient demographics such as
parity influenced incision size; Table 1 and
Figure 1 show that women with multiple
previous deliveries tended to have longer in-
cisions, a finding consistent with Ulubay et
al., who also reported a positive correlation
between parity and incision length. 15

In summary, Table 9 underscores incision
length as a significant predictor of postop-
erative wound complications, with param-
eters such as parity, age, and wound depth
showing no significant association. Overall,
these findings contribute valuable insights
into the role of incision length in post-ce-
sarean wound outcomes, warranting further
research to optimize surgical practices and
reduce complication rates.

Conclusion

There 1s an association between longer ce-
sarean incision length and higher rates of
post-operative wound complications. While
infection rates were unaffected, incision
length remains a significant factor in wound
management. Future research could refine
guidelines to help reduce wound-related
risks in cesarean deliveries.
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