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Abstract: Background: Incisional hernia is a ma-
jor complication of abdominal surgery, leading to pain, 
functional impairment, and increased healthcare costs. 
This study aimed to identify and rank risk factors for 
incisional hernia in patients undergoing Cesarean sec-
tion or open gynecologic surgery, and to evaluate strat-
egies for early detection.

Methods: From January 2023 to June 2025, a 
prospective observational study enrolled 200 wom-
en, each followed for 12 months. Half of the women 
underwent Cesarean section (n = 100) and the other 
half underwent open gynecologic surgery (n = 100). 
Data were collected on patient demographics, body 
mass index, comorbidities, surgical details, and com-
plications. The primary outcome was the incidence of 
incisional hernia within one year, assessed by clinical 
examinations at 6 weeks, 6 months, and 12 months.

Results: The overall incidence of incisional her-
nia was 8.0% (16/200), with 6.0% (6/100) after Cesar-
ean section and 10.0% (10/100) after open gynecolog-
ic procedures. Multivariable analysis identified inde-
pendent risk factors: higher body mass index (adjusted 
odds ratio 1.12 per unit, 95% confidence interval 1.05–
1.19, p < 0.001), vertical incision (odds ratio 4.10, 95% 
CI 1.75–9.60, p = 0.001), postoperative wound infec-
tion (odds ratio 5.22, 95% CI 2.15–12.67, p < 0.001), 
and history of two or more prior Cesarean sections 
(odds ratio 3.85, 95% CI 1.42–10.45, p = 0.008). Con-
tinuous fascial closure was protective (odds ratio 0.42, 
95% CI 0.20–0.88, p = 0.022). Early patient-reported 
symptoms preceding diagnosis included a palpable 
bulge (75%), persistent pain (62.5%), and discomfort 
during activity (50%).

Conclusion: Higher body mass index, vertical in-
cisions, wound infection, and multiple prior Cesarean 

sections are significant risk factors for incisional her-
nia. Using transverse incisions and continuous fascial 
closure, when possible, together with vigilant wound 
care and patient education on self-examination for ear-
ly symptoms, can help reduce risk and enable early 
detection in high-risk patients.

Keywords: Incisional hernia, Cesarean section, 
gynecologic surgery, risk factors, prospective study, 
obesity, surgical site infection.

INTRODUCTION

An incisional hernia (IH) is a common adverse 
outcome of abdominal surgery that can result in sub-
stantial morbidity (1) and increased medical expenses 
(2). Research indicates a strong correlation between 
the number of Cesarean sections (CSs) performed on 
a patient and the subsequent risk of incisional hernia 
(IH) (3). Reported incidence rates of IH after CS vary 
widely. Paulsen et al. (4), in a systematic analysis of 
five studies comprising 275,878 women with a previ-
ous CS, reported an occurrence of IH after CS between 
0.0% and 5.6%, with follow-up periods ranging from 
six months to ten years.

Incisional hernia repair operations are often used 
as a proxy for the true incidence of IH, which likely 
underestimates the total number of clinically signifi-
cant cases. In one cohort where transverse incisions 
were the primary approach, the overall probability of 
an IH necessitating surgical repair within ten years fol-
lowing CS was 2 per 1000 deliveries (5).

The incidence of IH following gynecological sur-
geries has been reported to range from 2% to 17%, 
with risk variables comparable to those observed in 
gastrointestinal surgery (6). Gynecological operations 
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have been recognized as an independent risk factor for 
IH (6,7). Studies indicate that the overall incidence 
of IH after off-midline and Pfannenstiel incisions is 
typically much lower than after midline laparotomy. 
Although Pfannenstiel incisions are often used for 
procedures such as CS, they may be inadequate for 
gynecological oncology procedures requiring wider 
surgical exposure (8).

Other established patient-related risk factors in-
clude obesity, diabetes, and advanced age, while surgi-
cal risk factors encompass vertical midline incisions, 
suture technique, postoperative surgical site infection 
(SSI), history of multiple CSs, and postoperative be-
haviors such as sedentary lifestyle.

Despite this knowledge, prospective data specif-
ically stratifying risk factors and the natural history 
of IH in these common surgical populations remain 
limited. This study prospectively evaluated risk fac-
tors, symptomatology, and timing of IH after CS and 
open gynecologic surgery, with the goal of informing 
risk-stratified prevention and surveillance strategies.

PATIENTS AND METHODS

Research design and participants
A prospective observational cohort study was 

conducted from January 2023 to June 2025 at the De-
partments of General Surgery and Obstetrics & Gy-
necology at Bin Tayyab Medical Complex (BTMC), 
Hyderabad, Pakistan. Consecutive women scheduled 
for elective or emergency Cesarean section (CS; n = 
100) or open gynecologic procedures (n = 100) via 
Pfannenstiel or midline incision were recruited. Ex-
clusion criteria included pre-existing abdominal wall 
hernias, prior hernia repair surgery, inability to provide 
informed consent, or plans to relocate that would pre-
vent follow-up. The study received ethical approval 
from the BTMC Institutional Review Board, and all 
participants provided written informed consent.

Data Collection
Baseline data collected preoperatively included:
• Demographics: Age, parity.
• Anthropometrics: Height and weight were meas-

ured to calculate Body Mass Index (BMI).
• Medical History: Comorbidities (hypertension, 

diabetes mellitus), smoking status, and history of pri-
or abdominal surgeries, with specific notation of the 
number of previous Cesarean sections (CS).

• Surgical Details: Type of incision (Pfannenstiel 
vs. midline) and fascial closure technique (continuous 
vs. interrupted).

Patients were followed up at 6 weeks, 6 months, 
and 12 months through scheduled clinic visits. At each 

visit, a surgeon performed a physical examination to as-
sess for an IH, diagnosed as a palpable defect or bulge 
at the surgical site. Patients were also interviewed using 
a structured questionnaire regarding symptoms, includ-
ing persistent pain (rated on a visual analog scale), sen-
sation of a bulge, discomfort during physical activity, 
or a feeling of pressure.

The occurrence of postoperative wound infection, 
defined according to CDC criteria and requiring antibi-
otic treatment or intervention, was recorded. Physical 
activity levels were self-reported and classified into 
three categories: low (< 30 minutes of moderate activ-
ity per week), moderate (30–150 minutes per week), 
and high (> 150 minutes per week).

Clinical Endpoint
The primary outcome was the incidence of a 

clinically detectable incisional hernia (IH) within 12 
months post-surgery.

Secondary outcomes included:
1. Time from surgery to hernia detection.
2. Identification of independent risk factors for IH 

development.
3. Analysis of initial symptoms reported before 

diagnosis.

Statistical Analysis
All data were analyzed using SPSS version 27.0. 

Continuous data with normal distribution are pre-
sented as means ± standard deviations, while skewed 
continuous data are expressed as medians with inter-
quartile ranges. Categorical variables are reported as 
frequencies and percentages.

Comparisons between groups were performed us-
ing the independent-samples t-test, Mann–Whitney U 
test, or Chi-square test, as appropriate. To identify po-
tential risk factors, univariate logistic regression was 
first used (p < 0.10 threshold). Variables meeting this 
criterion were entered into a multivariable logistic re-
gression model using a backward stepwise approach to 
determine independent predictors. Results are reported 
as adjusted odds ratios (ORs) with 95% confidence in-
tervals (CIs). A p-value < 0.05 was considered statisti-
cally significant.

RESULTS

Participant characteristics at enrollment
Table 1 summarizes the baseline characteristics 

of the 200 study participants. On average, participants 
were 34.2 years old (± 6.5 years) with a mean BMI of 
28.5 kg/m² (± 4.2 kg/m²). In the Cesarean section (CS) 
group, the median number of prior deliveries was 1, 
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with an interquartile range of 1 to 2, indicating that the 
middle 50% of values fell between 1 and 2.

The median time to hernia detection in our 
study was 5.5 months (interquartile range [IQR]: 3–9 
months). Open gynecologic procedures included hys-
terectomy (65%), myomectomy (25%), and oophorec-
tomy (10%). The use of midline incisions was signif-
icantly higher in the open surgery group, occurring in 
70% of cases, whereas it was less common in the CS 
group (15%), where Pfannenstiel incisions predomi-
nated (85%). Continuous fascial closure was used in 
80% of all procedures.

Incidence and Time to Detection
The overall incidence of incisional hernia at 12 

months was 8.0% (16/200). The incidence was 6.0% 
(6/100) following Cesarean section (CS) and 10.0% 
(10/100) after open gynecologic procedures. The aver-
age time to hernia detection was 6 months, with most 
detections occurring between 4 and 8 months.

A Kaplan-Meier curve illustrating cumulative in-
cidence over time is presented in Figure 1. In Figure 2, 
the median time to hernia detection after open gyneco-
logic operations is shown at 5.6 months by a line with-
in the box, which spans an interquartile range (IQR) of 
4–8 months (Q1 = 4 months, Q3 = 8 months). Figure 
2 clearly illustrates the spread and central tendency of 
the data. In contrast, the IQR for the CS group (1–2 
months) is shown as a smaller, tighter box, represent-
ing a narrow spread of data.

Thus, Figure 1 shows the approximate hernia-free 
survival over 12 months for CS and open gynecologic 
surgery patients, whereas Figure 2 visualizes the dis-
tribution of time to hernia detection (IQR 4–8 months) 
for each group, including individual patient events.

Table 1. Descriptive statistics of the study population

Characteristic Overall 
(n = 200)

Cesarean Section 
(n = 100)

Open Gynecologic 
(n = 100) p-value

Age (years), mean ± SD 34.2 ± 6.5 32.8 ± 5.9 35.6 ± 6.8 0.003
BMI (kg/m²), mean ± SD 28.5 ± 4.2 29.1 ± 4.5 27.9 ± 3.9 0.038
Parity, median [IQR] 2 [1, 3] 2 [1, 3] – –
≥ 2 Prior Cesareans, n (%) 45 (22.5) 45 (45.0) – –
Incision Type, n (%) < 0.001
   Pfannenstiel 100 (50.0) 85 (85.0) 15 (15.0)
   Midline 100 (50.0) 15 (15.0) 85 (85.0)
Closure Technique, n (%) 1.000
   Continuous 160 (80.0) 80 (80.0) 80 (80.0)
   Interrupted 40 (20.0) 20 (20.0) 20 (20.0)
Comorbidities, n (%)
   Diabetes Mellitus 10 (5.0) 5 (5.0) 5 (5.0) 1.000
   Hypertension 20 (10.0) 8 (8.0) 12 (12.0) 0.343
Postoperative Wound Infection, n (%) 25 (12.5) 10 (10.0) 15 (15.0) 0.278

Figure 2. Box-and-whisker plot showing the time to 
incisional hernia detection among patients diagnosed 
with IH (n = 16). The median is indicated by the line 
within the box, the interquartile range (IQR) by the 
box, and the whiskers represent the minimum and max-

imum values

Figure 1. Kaplan–Meier curve showing the cumulative 
incidence of incisional hernia over 12 months postop-
eratively, comparing Cesarean section and open gyne-
cologic surgery patients. The x-axis represents time in 
months, and the y-axis represents the cumulative prob-

ability of hernia occurrence
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Risk Factor Analysis
Univariate analysis identified higher BMI, verti-

cal incision, postoperative wound infection, and a his-
tory of two or more prior Cesarean sections as signifi-
cant factors associated with IH development (Table 2).

In the multivariable logistic regression model 
(Table 3), higher body mass index (per unit increase), 
vertical incision, postoperative wound infection, and 
a history of multiple (≥2) Cesarean sections remained 
significant independent risk factors. Continuous fas-
cial closure was an independent protective factor.

Early Symptoms
Among the 16 patients diagnosed with an inci-

sional hernia, the most commonly self-reported early 
symptoms before clinical confirmation were a palpable 
bulge or swelling (75%, 12/16), persistent ache or pain 
at the incision site (62.5%, 10/16), and discomfort dur-
ing physical activity (50%, 8/16), as shown in Table 4.

Table 2. An analysis of the unadjusted association between variables and the development of incisional hernia

Variable No Hernia 
(n = 184)

Hernia 
(n = 16)

O R
(95% CI) p-value

Age (years), mean ± SD 34.0 ± 6.5 36.1 ± 6.8 1.05 (0.98 - 1.13) 0.158
BMI (kg/m²), mean ± SD 28.2 ± 4.0 31.8 ± 4.5 1.22 (1.12 - 1.33) < 0.001
Vertical Incision, n (%) 88 (47.8) 12 (75.0) 3.27 (1.08 - 9.87) 0.036
Wound Infection, n (%) 18 (9.8) 7 (43.8) 7.14 (2.45 - 20.80) < 0.001
History of ≥ 2 Prior Cesareans, n (%) 38 (20.7) 7 (43.8) 3.00 (1.08 - 8.33) 0.035
Diabetes Mellitus, n (%) 8 (4.3) 2 (12.5) 3.13 (0.62 - 15.87) 0.169
Continuous Fascial Closure, n (%) 150 (81.5) 10 (62.5) 0.38 (0.14 - 1.03) 0.057

Table 3. Statistical analysis of incisional hernia risk factors

Variable Adjusted OR 95% C I p-value
BMI (per unit increase) 1.12 1.05 – 1.19 < 0.001

Vertical Incision 4.10 1.75 – 9.60 0.001
Postoperative Wound Infection 5.22 2.15 – 12.67 < 0.001
History of ≥ 2 Prior Cesareans 3.85 1.42 – 10.45 0.008

Continuous Fascial Closure 0.42 0.20 – 0.88 0.022

Table 4. Early symptoms reported before clinical 
diagnosis of incisional hernia (n = 16)

Symptom N %
Palpable bulge or swelling 12 75.0
Persistent ache or pain at incision site 10 62.5
Discomfort during physical activity 8 50.0
Feeling of pressure or heaviness 6 37.5
Note: Patients could report more than one symptom.

DISCUSSION
This prospective observational study provides ro-

bust evidence for risk stratification of incisional hernias 
(IH) following common gynecological and obstetric sur-
geries. Our findings confirm and quantify several estab-

lished risk factors while highlighting the cumulative risk 
posed by multiple prior Cesarean sections. The overall IH 
incidence of 8.0% aligns with the higher end of the range 
reported in contemporary literature for mixed surgical 
cohorts, reflecting our prospective design, which may 
capture hernias that retrospective studies miss (4, 6, 9).

The observed difference in incidence between the 
Cesarean section (6.0%) and open gynecologic sur-
gery (10.0%) groups is clinically significant and likely 
attributable to the substantially higher prevalence of 
midline incisions (70%) in the open gynecologic co-
hort compared to the CS group (15%), where the more 
robust Pfannenstiel incision predominated. These find-
ings are consistent with the literature (10).

The strong association between higher Body 
Mass Index (BMI) and IH risk, with an adjusted odds 
ratio of 1.12 per unit, underscores the significant role 
of obesity in hernia development. Factors contributing 
to this risk include increased intra-abdominal pressure, 
reduced blood flow to the abdominal wall fascia from 
excess adipose tissue, and potentially poorer tissue 
quality and healing in obese patients (9). This finding 
emphasizes the importance of preoperative counseling 
and weight optimization, where feasible, as a key com-
ponent of risk reduction strategies.
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Our results strongly support the preferential use of 
transverse incisions, such as Pfannenstiel, over verti-
cal midline incisions whenever surgically feasible. The 
adjusted odds ratio of 4.10 for a vertical incision high-
lights its biomechanical inferiority. Transverse incisions 
align with Langer’s lines of skin tension, resulting in 
lower lateral tension on the fascial closure and promot-
ing stronger healing (11). This is a modifiable surgical 
factor with substantial impact on long-term outcomes. 
Guitarte et al. (12) reported similar findings, identifying 
older age, hypertension, loop sutures, and cancer as risk 
factors for IH after vertical midline laparotomy.

Perhaps the most significant modifiable risk factor 
in our study was postoperative wound infection, which 
increased the odds of IH by over five-fold (OR 5.22). 
Surgical site infection (SSI) creates a local inflamma-
tory environment that leads to collagenolysis, impaired 
fibroblast function, and ultimately fascial weakening 
(13,14). SSI rates for IH surgery range from 0.7% to 
26.6% and are associated with local complications, 
prolonged treatment, and higher one-year recurrence, 
despite IH repair being classified as a clean surgical 
operation (15). These observations underscore the im-
portance of strict adherence to SSI prevention bundles 
(14), including appropriate antibiotic prophylaxis, 
meticulous hemostasis, gentle tissue handling, main-
tenance of normothermia, and sterile technique (16). 
Vigilant postoperative wound care for early detection 
and management of infections is equally critical.

A novel and important finding of our study is the 
quantification of risk associated with multiple pri-
or Cesarean sections. Patients with ≥ 2 previous CS 
had a nearly four-fold increased risk (OR 3.85). This 
emphasizes cumulative damage to the abdominal wall 
with each subsequent operation, as scar tissue retains 
only 70–80% of the tensile strength of native fascia 
(17, 18). These results highlight the need for meticu-
lous surgical technique in repeat surgeries and inform 
patient discussions regarding cumulative risks of mul-
tiple abdominal procedures.

On a positive note, our study reinforces current 
best-practice guidelines for fascial closure (9,11). Con-
tinuous fascial closure with a slowly absorbable suture 
was protective (OR 0.42). This technique evenly dis-
tributes tension, creating a secure and biomechanically 
stable closure, unlike interrupted sutures that may cre-
ate localized stress points and ischemia (16). This sim-
ple, evidence-based choice should be widely adopted 
to improve patient safety.

Beyond prevention, our findings on early symp-
tomatology suggest clear opportunities for improving 
patient care. High frequencies of patient-reported ear-
ly symptoms, specifically a palpable bulge (75%) and 
persistent pain (62.5%), indicate that patients often 

detect issues before clinical diagnosis. This supports 
implementing structured post-discharge education pro-
grams to teach high-risk patients how to perform careful 
self-examination and report “red flag” symptoms early 
(19). Such strategies could shorten the time to diagnosis 
and elective repair, reduce complications like obstruc-
tion or strangulation, and improve overall outcomes.

Limitations
The findings of this study may have limited gen-

eralizability to other populations or healthcare settings 
due to its single-center design. Physical activity lev-
el was based on self-report, which introduces the po-
tential for recall and social desirability bias. While a 
12-month follow-up is standard in IH research, it may 
miss hernias that manifest later; therefore, longer-term 
studies are needed to capture the true lifetime inci-
dence. Finally, although our sample size was adequate 
for identifying major risk factors, it may be under-
powered to detect the significance of rarer variables or 
more complex interactions.

CONCLUSION

This study successfully identified and categorized 
the main risk factors for incisional hernia after Cesar-
ean and open gynecologic surgery. The predictors—
obesity, vertical incisions, wound infections, and a 
history of multiple Cesareans—provide a clear profile 
for high-risk patients. These findings advocate for a 
multi-faceted approach encompassing:

1. Preoperative risk assessment and patient coun-
seling,

2. The preferential use of transverse incisions and 
continuous fascial closure as standard technique,

3. Rigorous, protocol-driven SSI prevention, and
4. The implementation of post-discharge surveil-

lance and patient education for high-risk individuals.
Future work should aim to validate these risk 

factors in larger, multi-center cohorts and to devel-
op targeted interventions, such as prophylactic mesh 
augmentation or structured rehabilitation programs, to 
mitigate risk in these high-risk groups.

Abbreviations
IH – Incisional Hernia
CS – Cesarean Section
SSI – Surgical Site Infection
BMI – Body Mass Index
IQR – Interquartile Range
BTMC – Bin Tayyab Medical Complex
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Sažetak

STRATIFIKACIJA FAKTORA RIZIKA I RANA DETEKCIJA INCIZIONALNIH 
HERNIJA NAKON CARSKOG REZA I OTVORENIH GINEKOLOŠKIH 

PROCEDURA: PROSPEKTIVNA OPSERVACIONA STUDIJA
Memon Munir Muhammad,1, 2 Salati Ahmad Sajad,1 Saadia Zaheera3

1 Univerzitet Qassim, Medicinski fakultet, Katedra za hirurgiju, Unayzah, Saudijska Arabija 
2 Bin Tayyab Medical Complex (BTMC), Odeljenje hirurgije, Hiderabad, Sindh, Pakistan 

3 Univerzitet Qassim, Medicinski fakultet, Katedra za ginekologiju, Unayzah, Saudijska Arabija

Uvod: Incizionalna hernija predstavlja značajnu 
komplikaciju abdominalnih operacija, koja dovodi do 
bola, funkcionalnih ograničenja i povećanih troškova 
zdravstvene zaštite. Cilj ove studije bio je identifiko-
vati i rangirati faktore rizika za incizionalnu herniju 
kod pacijentkinja koje su imale carski rez ili otvorenu 
ginekološku operaciju, kao i proceniti strategije za nji-
hovu ranu detekciju.

Metode: Od januara 2023. do juna 2025. sprove-
dena je prospektivna opservaciona studija u kojoj je 
učestvovalo 200 žena, svaka praćena tokom 12 me-
seci. Polovina pacijentkinja je imala carski rez (n = 
100), dok je druga polovina imala otvorene ginekolo-
ške operacije (n = 100). Prikupljeni su podaci o de-
mografskim karakteristikama, indeksu telesne mase, 
komorbiditetima, detaljima operacije i postoperativ-
nim komplikacijama. Primarni ishod bio je incidenca 
incizionalne hernije tokom jedne godine, procenjena 
kliničkim pregledima nakon 6 nedelja, 6 meseci i 12 
meseci.

Rezultati: Ukupna incidenca incizionalne hernije 
iznosila je 8,0% (16/200), sa 6,0% (6/100) nakon car-
skog reza i 10,0% (10/100) nakon otvorenih ginekolo-
ških procedura. Multivarijabilna analiza identifikovala 
je sledeće nezavisne faktore rizika: viši indeks telesne 

mase (adjusted odds ratio 1,12 po jedinici, 95% CI 
1,05–1,19, p < 0,001), vertikalni rez (odds ratio 4,10, 
95% CI 1,75–9,60, p=0,001), postoperativnu infekciju 
rane (odds ratio 5,22, 95% CI 2,15–12,67, p<0,001) i 
dva ili više prethodnih carskih rezova (odds ratio 3,85, 
95% CI 1,42–10,45, p = 0,008). Šivenje fascije pro-
dužnim šavom predstavljalo je zaštitni faktor (odds 
ratio 0,42, 95% CI 0,20–0,88, p = 0,022). Najčešći 
rani simptomi koje su pacijentkinje prijavile pre posta-
vljanja dijagnoze bili su palpabilno ispupčenje (75%), 
postojan bol (62,5%) i nelagodnost tokom fizičkih ak-
tivnosti (50%).

Zaključak: Viši indeks telesne mase, vertikalni 
rezovi, infekcija rane i više prethodnih carskih rezova 
predstavljaju značajne faktore rizika za incizionalnu 
herniju. Upotreba transverzalnih rezova i šivenje fa-
scije produžnim šavom, kada je moguće, zajedno sa 
pažljivom postoperativnom negom rane i edukacijom 
pacijentkinja o samopregledu radi ranog prepoznava-
nja simptoma, može doprineti smanjenju rizika i omo-
gućiti ranije otkrivanje kod pacijentkinja sa visokim 
rizikom.

Ključne reči: Incizionalna hernija, carski rez, gi-
nekološke operacije, faktori rizika, prospektivna studi-
ja, gojaznost, infekcija hirurškog mesta.
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