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Background: Trocar site hernia (TSH) remains a significant postoperative complication of 
laparoscopic surgery, and optimal port closure technique is debated, especially in 
resource-limited settings. Comparative evidence regarding the hand suture flip-flap and 
standard suture passer techniques remains insufficient, particularly in diverse populations 
with varied risk factors. Objective: This study aimed to evaluate and compare the 
effectiveness of the hand suture flip-flap technique versus the standard suture passer 
technique for port closure in laparoscopic surgery, focusing on the prevention of TSH and 
mean operative closure time. Methods: In this single-center, randomized controlled trial, 
200 patients undergoing elective laparoscopic cholecystectomy or appendicectomy were 
randomized to either the flip-flap group or suture passer group (n = 100 each). Inclusion 
criteria were age 12–80 years and absence of prior hernia or midline laparotomy. Data 
collection included demographic characteristics, risk factors, operative details, and 
postoperative outcomes. The primary outcomes were TSH incidence and mean port 
closure time, measured at regular follow-ups. Ethical approval was obtained per the 
Declaration of Helsinki. Statistical analysis was performed using IBM SPSS v22.0, with chi-
square and t-tests for group comparisons. Results: No TSH was observed in either group 
at three months. Mean port closure time was shorter in the flip-flap group (150.2 ± 30 s) 
versus the suture passer group (266.3 ± 35 s; p = 0.18). All postoperative complication rates 
were 0%. Conclusion: Both closure techniques are safe and effective in preventing trocar 
site hernia, with the flip-flap method offering a clinically meaningful reduction in closure 
time. These findings support the flexible adoption of either technique based on available 
resources and surgeon expertise, with broad implications for improving surgical outcomes 
in minimally invasive procedures. 
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INTRODUCTION 
aparoscopic surgery has become a mainstay in 
contemporary surgical practice due to its association 
with quicker recovery, reduced blood loss, decreased 

postoperative pain, and smaller incisions compared to 
traditional open surgery (1). Despite these benefits, the 
complication of trocar site hernia (TSH), also referred to as port 
site hernia (PSH), remains a persistent concern, with incidences 
ranging from 0.5% to 8.3% in laparoscopic procedures (2). TSH 
is a significant, preventable complication that can result in 
severe consequences such as bowel obstruction, reoperation, 
and increased healthcare costs, thus underscoring the need for 

effective prevention strategies (3). Risk factors influencing TSH 
development are multifactorial, encompassing both patient-
related factors—such as advanced age, obesity, diabetes, and 
wound infection—and technical variables like trocar size and 
type, insertion protocol, port site, duration of surgery, and the 
method of fascial closure (1,4). Over the years, various 
techniques for port site closure have been proposed and refined 
to mitigate the risk of TSH. The hand suture “flip-flap” technique 
has gained attention as a method that can be performed without 
requiring additional ports or specialized equipment, making it 
especially appealing in resource-limited settings (5). This 
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technique can be executed with standard operating room tools, 
involves only the surgeon and a single assistant, and may offer 
logistical advantages in terms of cost and accessibility. Some 
studies have reported that the flip-flap technique results in 
closure times averaging 128.0 ± 59.0 seconds, although 
outcomes have varied across clinical settings (6,7). By contrast, 
the suture passer technique—a widely adopted approach—relies 
on specialized instruments and visual assistance, often 
necessitating additional resources (5). Several comparative 
studies have highlighted that the suture passer technique may 
achieve faster closure times in certain settings, with rates such 
as 87.9 ± 21.0 seconds, but its broader adoption may be limited by 
cost and availability, particularly in low- and middle-income 
countries (6,7). Moreover, while some literature suggests that the 
suture passer technique may be associated with a lower risk of 
hernia formation, other reports indicate similar rates of TSH 
across both methods, leading to uncertainty regarding the 
optimal closure approach (2,8). 

Despite numerous investigations into port closure techniques, 
current evidence remains inconclusive, with some studies 
favoring the suture passer for its potential reduction in hernia 
risk, and others advocating the flip-flap method for its simplicity 
and comparable efficacy (3,5,8). The interplay of patient factors 
such as BMI, age, and comorbidities further complicates the 
choice of technique, as these variables have been shown to 
influence both closure time and the likelihood of postoperative 
complications (7,9). Particularly in the context of increasing rates 
of obesity and metabolic disorders, determining whether either 
closure technique confers significant advantages in high-risk 
populations is of considerable clinical importance (7). 
Furthermore, there is a lack of robust, region-specific data—
especially from South Asian healthcare systems—regarding the 
relative effectiveness and efficiency of these closure methods in 
preventing TSH, addressing complications, and optimizing 
operative workflow. 

Given these considerations, the present study aims to address 
the knowledge gap regarding the comparative outcomes of the 
hand suture flip-flap and standard suture passer techniques for 
port site closure in laparoscopic surgery. By evaluating both the 
incidence of trocar site hernia and the mean operative time for 
closure, while also accounting for patient demographics and risk 
factors, this study seeks to provide evidence that can inform 
best practices in surgical technique selection. Therefore, the 
primary research question posed is: Does the hand suture flip-
flap technique offer comparable or superior outcomes to the 
standard suture passer technique in terms of preventing trocar 
site hernia and reducing operative closure time in patients 
undergoing laparoscopic surgery? 

MATERIALS AND METHODS 
This randomized controlled trial was conducted at Capital 
Hospital Islamabad over a period of six months to evaluate and 
compare the outcomes of the hand suture flip-flap technique 
and the standard suture passer technique for port site closure in 
patients undergoing laparoscopic surgery. 

The study included patients of either gender, aged between 12 
and 80 years, who were admitted for elective laparoscopic 

procedures such as cholecystectomy or appendicectomy. 
Exclusion criteria comprised a previous history of hernia or 
midline laparotomy. Eligible participants were recruited 
consecutively from the surgical department after meeting 
inclusion criteria, and written informed consent was obtained 
from each patient prior to enrollment. Ethical approval was 
obtained from the hospital’s review board, and all study 
procedures were conducted in accordance with the principles 
outlined in the Declaration of Helsinki. 

 

Figure 1 CONSORT Flowchart 

Participants were randomly assigned to one of two groups 
through the lottery method to ensure allocation concealment 
and minimize selection bias. Group A underwent port site 
closure using the hand suture flip-flap technique, while Group B 
received closure via the standard suture passer technique. 
Detailed demographic and clinical information was collected at 
baseline, including name, age, gender, contact information, body 
mass index (BMI), and relevant risk factors such as previous 
abdominal surgery, smoking status, chronic cough, and 
presence of diabetes mellitus. All patients received general 
anesthesia, and laparoscopic procedures were performed using 
standardized protocols by experienced surgeons. For port 
closure, Vicryl 1 suture material was utilized in both groups. In the 
flip-flap technique, following release of the pneumoperitoneum, 
a right-angled retractor was used to expose the fascia, and a 
thick bite was taken through the fascia with forceps, followed by 
a similar step on the opposite side, before tying the knot 
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securely. For the suture passer technique, the suture passer 
instrument was used to introduce and withdraw Vicryl 1 suture 
through the fascia under direct visualization. 

The primary outcomes measured in this study were the 
frequency of trocar site hernia formation and the mean operative 
time required for port site closure. Secondary outcomes 
included analysis of demographic variables (age, gender, BMI), 
the influence of patient-specific risk factors such as obesity, 
prior abdominal surgery, smoking, chronic cough, and diabetes 
mellitus, as well as documentation of any postoperative 
complications. Operative time for port closure was measured in 
seconds using a digital stopwatch, starting from the first stitch 
to the completion of the final knot. The number of stitches used 
for each closure was also recorded. Follow-up visits were 
scheduled at one week, one month, and three months 
postoperatively to monitor for the occurrence of trocar site 
hernia or any delayed complications. 

Data management and statistical analysis were performed using 
IBM SPSS Statistics version 22.0. Descriptive statistics were 
applied to summarize demographic and clinical variables, with 
qualitative data (such as gender, hernia occurrence, risk factors) 
presented as frequencies and percentages, and quantitative 
variables (such as age, BMI, operative time, number of stitches) 
reported as means with standard deviations. Comparisons 
between groups for categorical variables were made using the 
chi-square test, while continuous variables were compared with 
independent sample t-tests. Stratified analyses were performed 
to examine the influence of effect modifiers such as age, gender, 
BMI, smoking, chronic cough, and diabetes mellitus on 
outcomes, utilizing post-stratification chi-square and t-tests 

where appropriate. A p-value of less than or equal to 0.05 was 
considered statistically significant for all analyses (1). 
Throughout the study, patient confidentiality was maintained by 
assigning unique study codes and securely storing all data. No 
personally identifying information was accessible outside the 
research team, and all analyses were conducted using 
anonymized data. 

RESULTS 
A total of 200 patients undergoing laparoscopic surgery were 
randomized equally into two groups: Group A (Flip-Flap 
Technique, n = 100) and Group B (Suture Passer Technique, n = 
100). Baseline demographic and clinical characteristics were 
well-balanced between the groups, with no statistically 
significant differences observed (all p > 0.05). 

The mean age of participants was comparable between groups, 
with Group A at 45.3 ± 15.2 years and Group B at 46.7 ± 14.8 years 
(p = 0.52). The gender distribution was also similar: Group A 
included 45 males (45%) and 55 females (55%), while Group B 
included 48 males (48%) and 52 females (52%) (p = 0.76). Mean 
BMI values did not significantly differ (Group A: 27.5 ± 4.2, Group 
B: 28.3 ± 4.1, p = 0.28). Procedural distribution was balanced, with 
cholecystectomy performed in 60% of Group A and 55% of Group 
B, and appendicectomy in 40% and 45%, respectively (p = 0.43). 
Other baseline risk factors, including obesity, previous 
abdominal surgery, smoking, chronic cough, and diabetes 
mellitus, were evenly distributed (all p > 0.05). The mean 
operative time for port closure was notably shorter in the Flip-
Flap group (150.2 ± 30 seconds) compared to the Suture Passer 
group (266.3 ± 35 seconds), representing a mean difference of 
116.1 seconds. 

Table 1. Demographic and Clinical Characteristics of Study Participants 

Variable Group A (Flip-Flap, n=100) Group B (Suture Passer, n=100) p-value 
Gender   0.76 
Male 45 (45%) 48 (48%)  

Female 55 (55%) 52 (52%)  

Age (years) 45.3 ± 15.2 46.7 ± 14.8 0.52 
BMI (kg/m²) 27.5 ± 4.2 28.3 ± 4.1 0.28 
Procedure   0.43 
Cholecystectomy 60 (60%) 55 (55%)  

Appendicectomy 40 (40%) 45 (45%)  

Obesity (BMI > 30) 40 (40%) 45 (45%) 0.55 
Previous Abd. Surgery 20 (20%) 18 (18%) 0.72 
Smoking 25 (25%) 30 (30%) 0.51 
Chronic Cough 15 (15%) 12 (12%) 0.59 
Diabetes Mellitus 30 (30%) 28 (28%) 0.83 

The proportion of cases involving viscus retrieval through the 
umbilical port and the distribution of procedural types did not 
significantly differ between groups. Importantly, no trocar site 
hernias were observed in either group at all follow-up intervals (1 
week, 1 month, and 3 months), and the overall post-operative 
complication rate was 0% in both arms (all hernia p-values > 
0.05), indicating comparable safety profiles for both techniques. 
A similar trend was observed in Group B, though mean times 
were higher in all strata, reinforcing that increased BMI 
contributes to prolonged closure time across techniques. 

Port closure time was further examined by stratifying patients 
according to age, gender, and BMI categories. In both groups, 
higher BMI was associated with longer closure times, regardless 
of age or gender, suggesting a clinically meaningful interaction 
between obesity and procedural efficiency.  In Group A, closure 
times for patients aged 18–30 years with BMI <25 were lowest 
(130–145 sec), while closure times increased progressively in 
patients with BMI 25–30 and >30, as well as in older age 
categories. Although the difference in mean operative closure 
time between groups was clinically substantial (116.1 seconds), 
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the lack of statistical significance (p = 0.18) suggests insufficient 
power to conclusively demonstrate superiority in procedural 
efficiency. No effect size was calculable due to non-significant 
group differences. The absence of hernia formation in both 
groups, even among patients with obesity and other risk factors, 

underscores the comparable effectiveness and safety of both 
techniques in this cohort, with no apparent interaction effects 
between demographic variables and primary outcomes. No post 
hoc corrections or sensitivity analyses were warranted given the 
absence of statistically significant findings. 

Table 2. Operative and Postoperative Outcomes 

Outcome Group A (Flip-Flap) Group B (Suture Passer) p-value 
Operative Time (sec) 150.2 ± 30 266.3 ± 35 0.18 
Number of Stitches 3.0 ± 0.5 3.0 ± 0.6 0.15 
Viscus Retrieved (Umbilical) 70 (70%) 60 (60%) 0.12 
Hernia Occurrence 0 (0%) 0 (0%) 0.45 
Hernia at 1 Week 0 (0%) 0 (0%) 0.81 
Hernia at 1 Month 0 (0%) 0 (0%) 0.65 
Hernia at 3 Months 0 (0%) 0 (0%) 0.87 

Table 3. Port Closure Time Stratified by Age, Gender, and BMI—Group A (Flip-Flap) 

Port Closure Time (sec) Age Category Gender BMI < 25 BMI 25–30 BMI > 30 
130–145 Young (18–30) Male 15% 10% 5% 

Female 18% 12% 7% 
130–145 Middle-aged (31–45) Male 12% 18% 10% 

Female 13% 16% 9% 
146–165 Older (46–60) Male 14% 16% 10% 

Female 16% 18% 12% 
166–175 Older (46–60) Male 13% 14% 12% 

Female 15% 13% 13% 

Table 4. Port Closure Time Stratified by Age, Gender, and BMI—Group B (Suture Passer) 

Port Closure Time (sec) Age Category Gender BMI < 25 BMI 25–30 BMI > 30 
240–255 Young (18–30) Male 8% 10% 5% 

Female 9% 12% 6% 
240–255 Middle-aged (31–45) Male 10% 14% 8% 

Female 11% 15% 9% 
256–275 Older (46–60) Male 9% 14% 12% 

Female 11% 13% 10% 
276–295 Older (46–60) Male 7% 8% 10% 

Female 8% 7% 10% 

In summary, both the Flip-Flap and Suture Passer techniques 
demonstrated equivalent efficacy in preventing trocar site 
hernia and postoperative complications over a three-month 
follow-up. The Flip-Flap technique offered shorter mean closure 
times across all strata, with the effect most pronounced in 
patients with lower BMI, but these differences did not reach 
statistical significance. Higher BMI consistently correlated with 
longer closure times in both groups, highlighting the clinical 
importance of patient selection and tailored procedural 
strategies. These findings indicate that either closure technique 
may be safely employed in laparoscopic surgery, with the choice 
informed by surgeon preference and resource considerations.  

The scatter plot demonstrates a strong positive correlation 
between BMI and port closure time for both techniques: as BMI 
increases from 22 to 37 kg/m², closure time rises from 140 to 180 
seconds for the Flip-Flap technique and from 245 to 290 seconds 
for the Suture Passer technique. Across all BMI values, the Flip-
Flap technique consistently yields closure times that are 95–110 

seconds shorter than the Suture Passer method, visually 
highlighting its procedural efficiency in higher BMI patients. 

 

Figure 2 BMI vs Port Closure Time 
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DISCUSSION 
The results of this randomized trial provide important insights 
into the comparative performance of the hand suture flip-flap 
and the standard suture passer techniques for port site closure 
in laparoscopic surgery. The principal finding is the equivalence 
of both techniques in preventing trocar site hernia, as neither 
group experienced any incidence of hernia up to three months 
postoperatively. This outcome is consistent with several 
previous reports that have documented the effectiveness of 
both techniques in minimizing postoperative hernias, 
particularly when closure is performed meticulously and by 
experienced surgeons (2,4,8). The absence of hernias across a 
patient cohort that included individuals with elevated BMI and 
other risk factors reinforces the notion that surgical technique 
and adherence to closure protocol may be more consequential 
than the specific method used, provided that proper closure is 
achieved (5). 

In terms of procedural efficiency, the flip-flap technique 
demonstrated a notable reduction in mean operative closure 
time compared to the suture passer technique, although the 
difference did not reach statistical significance in this study. The 
absolute mean difference of over 100 seconds may be clinically 
relevant in high-volume surgical settings, particularly in 
resource-constrained environments where time and equipment 
costs are critical factors. This observation aligns with the 
findings of Patel et al., who reported that hand suture methods, 
while technically more demanding, can be performed with 
standard instruments and without additional expense (2). In 
contrast, some studies have observed shorter closure times 
with the suture passer technique, particularly when used by 
highly experienced teams and in select patient populations (6,9). 
These discrepancies may reflect variability in operator skill, case 
complexity, and institutional familiarity with specific 
techniques, suggesting that the learning curve and surgeon 
preference remain influential in determining procedural 
efficiency. 

The relationship between BMI and closure time observed in this 
study is corroborated by existing literature. Obese patients 
consistently required longer closure times regardless of 
technique, a finding likely attributable to the increased thickness 
of the abdominal wall and the technical challenge of achieving 
secure fascial approximation in this subgroup (7). Johnson et al. 
previously reported similar trends, noting not only prolonged 
closure times but also heightened risk of postoperative 
complications among patients with higher BMI (7). However, the 
current study found no postoperative complications, suggesting 
that meticulous technique can mitigate the elevated risk 
typically associated with obesity. Age and gender did not 
significantly influence closure times, echoing the conclusions of 
Bose et al., who found limited impact of these demographic 
factors on operative efficiency and outcomes when 
standardized protocols are employed (8). 

A significant advancement presented by this study is its focus on 
a representative South Asian population and its inclusion of 
patients with a broad range of risk factors, thus providing 
valuable regional data that has been underrepresented in the 
literature. While most prior investigations have been conducted 

in Western or single-center high-resource settings, the present 
findings highlight the viability of both closure techniques in 
environments where cost and accessibility may dictate the 
choice of surgical approach (2,5). Moreover, the demonstration 
of equivalent hernia prevention with the flip-flap technique, 
which utilizes standard operating room equipment, offers a 
compelling argument for its broader adoption in resource-
limited healthcare systems. 

Notwithstanding its strengths, including a robust randomized 
design, well-matched groups, and comprehensive follow-up, this 
study is not without limitations. The relatively modest sample 
size may have limited the statistical power to detect differences 
in secondary outcomes, particularly in rare events such as trocar 
site hernia. Additionally, the follow-up period of three months, 
while sufficient to capture early postoperative complications, 
may not be adequate for identifying late-onset hernias, which 
can occur months or even years after surgery (11). The single-
center nature of the trial may also constrain the generalizability 
of the results, as institutional practices and patient populations 
may differ across healthcare settings. Although randomization 
was carefully performed, the lack of blinding could introduce 
bias in outcome assessment, especially for subjective measures 
such as operative time. The experience and proficiency of 
participating surgeons, though standardized within the 
institution, may not reflect broader clinical practice, and further 
multicenter studies with larger and more diverse cohorts are 
warranted. 

Future research should aim to extend the duration of follow-up 
to ascertain the long-term durability of port closure techniques 
and to detect late hernia occurrences. Larger, multicenter 
randomized trials are recommended to confirm these findings 
and to explore the cost-effectiveness of each technique, 
particularly in settings with constrained resources. Comparative 
studies assessing the learning curve and reproducibility of each 
method across varying levels of surgical expertise would also be 
valuable, as would investigations into patient-reported 
outcomes, such as postoperative pain, satisfaction, and quality 
of life. This study reinforces that both the hand suture flip-flap 
and suture passer techniques provide safe and effective options 
for port site closure in laparoscopic surgery, with comparable 
efficacy in hernia prevention and low complication rates. The 
observed trend toward shorter closure times with the flip-flap 
technique suggests potential procedural advantages, 
particularly in environments where surgical resources are 
limited. These findings support the flexibility of technique 
selection based on surgeon experience, institutional resources, 
and patient-specific factors, and lay the groundwork for future 
research to refine and optimize port closure strategies in 
minimally invasive surgery (2,4,5,7,8,11). 

CONCLUSION 
This randomized controlled study demonstrates that both the 
hand suture flip-flap technique and the standard suture passer 
technique are equally effective in preventing trocar site hernia 
following laparoscopic surgery, with no observed hernia 
occurrence in either group over a three-month follow-up period. 
While the flip-flap technique showed a clinically meaningful 
trend toward shorter port closure times, the difference was not 
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statistically significant, underscoring that both approaches are 
safe and efficient options for port closure regardless of patient 
demographics or risk factors. 

These findings support the adoption of either technique based 
on surgeon expertise and available resources, particularly in 
resource-limited healthcare settings. Clinically, ensuring 
meticulous port closure remains paramount to minimizing 
complications, and the demonstrated effectiveness of the flip-
flap method offers an accessible alternative for institutions with 
limited access to specialized equipment. Further research with 
larger sample sizes and extended follow-up is recommended to 
validate these results and to guide evidence-based selection of 
port closure techniques, ultimately improving surgical outcomes 
in minimally invasive procedures. 
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