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Abstract

Background The transabdominal preperitoneal (TAPP) approach is a widely used minimally invasive technique for lapa-
roscopic inguinal hernia repair. However, operative time and technical difficulty may vary depending on patient-related
anatomical factors. This study evaluated the effect of the umbilicus—symphysis pubis (USP) distance on operative time and
investigated whether this superficial anatomical measurement could guide patient selection.

Methods In this retrospective study, data from 767 patients who underwent TAPP repair at Gazi University Hospital between
January 2015 and June 2022 were reviewed. After applying the exclusion criteria, 341 male patients were included. Of
these, 272 had unilateral and 69 had bilateral inguinal hernia. The distance between the umbilicus and symphysis pubis was
measured preoperatively in all patients. The relationship between USP distance and operative time was analyzed using the
Python-based Maximally Selected Rank Statistics (MaxStat) method, and optimal cut-off values were determined.

Results The age range of the study group was 18.00-77.00 years, with a median age of 44.00 years. The USP distance
ranged from 9.70 to 23.50 cm in unilateral cases and from 11.10 to 22.30 c¢m in bilateral cases. MaxStat analysis identified
optimal cut-off values of 15 cm for unilateral and 16 cm for bilateral hernia cases. In unilateral cases, operative time was
significantly longer in patients with a USP distance<15 cm (p<0.001). Similarly, in bilateral cases, operative times were
significantly longer when the USP distance was <16 cm (p<0.001).

Conclusion USP distance may serve as a simple and easily measurable anatomical parameter associated with surgical dura-
tion, particularly in unilateral TAPP repairs. As patients with a shorter USP distance were associated with longer operative
times, this association warrants further prospective validation before USP distance can be considered a routine parameter in
preoperative planning.
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Introduction

The Transabdominal Preperitoneal (TAPP) approach
in laparoscopic inguinal hernia repair has become an
increasingly preferred technique with the development of
minimally invasive surgery. However, operative time and
technical difficulty in TAPP repair may vary depending
on multiple factors, including patient-related anatomical
characteristics. During this process, numerous variables,
such as case selection, operation duration, and complica-
tion rates, are of great importance in terms of both patient
safety and the sustainability of surgical success [1-3].
The literature has shown that, in addition to the surgeon’s
experience, certain anatomical factors specific to the
patient may also influence the technical difficulty of the
operation. These factors are not limited to inguinal her-
nia surgery but also play an important role in other lapa-
roscopic procedures involving the pelvic region. In such
procedures, anatomical limitations can directly affect the
surgeon’s field of view, instrumentation movement capa-
bility, and ergonomics [4—6].

In the TAPP approach, the surgeon’s working area is
defined within the limited anatomical structure of the lower
abdomen. In this context, it is anticipated that superficial
anatomical parameters, such as the distance between the
umbilicus and the symphysis pubis (USP), may influence
operative conditions and duration. A short USP distance
may cause ergonomic difficulties by restricting the sur-
geon’s range of motion, particularly during laparoscopic tro-
car placement and instrument manipulation. This situation
may lead to prolonged operative times, increased technical
errors and, indirectly, an elevated risk of complications.
However, it should be emphasized that surgical ergonomics
is influenced by multiple factors, including trocar position-
ing, working angles, and overall anatomical working space.
Furthermore, such anatomical constraints may increase
operative complexity and contribute to prolonged operative
times, regardless of surgeon experience level [7-9].

In this study, the effect of the USP distance on the dura-
tion of TAPP procedures was examined, and it was investi-
gated whether this anatomical measurement could serve as a
preoperative parameter to support surgical planning.

Methods

This retrospective study was conducted by reviewing data
from TAPP inguinal hernia repairs performed at Gazi Uni-
versity Hospital between January 2015 and June 2022. A
total of 767 patients, aged 18-99 years, operated on by four
senior surgeons with established surgical practice, were
included in the study.
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The following patient groups were excluded from the
study according to the defined exclusion criteria: female
patients (n=283), those diagnosed with recurrent inguinal
hernia (n=69), those with a body mass index (BMI)>35 kg/
m? (n=107), those with a history of abdominal surgery
(n=57), patients with scrotal hernia (n=48), those undergo-
ing anticoagulant therapy (n=25), patients requiring emer-
gency surgery (n=24), and cases converted to open surgery
due to intraoperative complications (n=13), as well as
patients diagnosed with femoral hernia (Fig. 1).

Following the application of these criteria, a total of 341
patients were included in the study. Of these patients, 272
underwent surgery for unilateral inguinal hernia and 69 for
bilateral inguinal hernia.

For each patient, the distance between the umbilicus and
the symphysis pubis (USP) was recorded prior to surgery
according to a standard measurement protocol. The mea-
surement was performed while the patient was in the supine
position, by measuring the shortest linear distance between
the center of the umbilicus and the palpated upper border of
the symphysis pubis in centimeters, using a non-stretchable
tape measure over the skin. These measurements were ana-
lyzed by grouping the cases according to the presence of
unilateral or bilateral hernias. The USP distance was evalu-
ated as a potential anatomical marker for predicting opera-
tive duration and potential intraoperative challenges of the
operation that the surgeon might encounter during surgery.

Surgical technique

Pneumoperitoneum was created using the Veress needle
technique applied to the infraumbilical region. A 10 mm
port was placed for entry. The abdomen was insufflated at
14 mmHg pressure, and the patient was placed in the 30°
Trendelenburg (head-low) position to allow better visualiza-
tion of the pelvic region.

Subsequently, both groin regions were carefully evalu-
ated to investigate the presence of hernias. To enable more
effective execution of the procedure, two additional 5 mm
ports were placed along the right and left midclavicular
lines at the level of the umbilicus; in bilateral cases, ports
were positioned symmetrically, whereas in unilateral cases,
the contralateral port was placed slightly lower than the
ipsilateral side to improve ergonomic access. Subsequently,
a peritoneal incision was made extending from the medial
umbilical plica to the lateral cephalic myopectineal orifice.
Dissection was performed in the Retzius and Bogros areas,
and important anatomical structures such as the epigastric
vessels, Cooper’s ligament, corona mortis, and external iliac
vessels were identified and exposed.

Dissection of the hernia sac was performed carefully,
taking care to preserve the spermatic fascia. Subsequently,
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Fig. 1 Patient selection flow diagram

a polypropylene patch (Prolene® Mesh, Ethicon, USA)
measuring 8x12x15 cm was placed over the relevant
anatomical structures and secured with absorbable sta-
ples (AbsorbaTack™, Medtronic, USA). The peritoneum
was closed with 3/0 polyglycolic acid sutures (Vicryl®,

Ethicon, USA), and the ports were removed under direct
visualization.

A schematic illustration of port placement and working
angles may further facilitate the understanding of the tech-
nique; however, such visual materials were not available in
the present retrospective study.

Statistical analysis

In this study, unilateral and bilateral inguinal hernia patients
were evaluated separately to determine the optimal cut-off
values for the umbilicus—symphysis pubis (USP) distance.
The Maximally Selected Rank Statistics (MaxStat) method
was used to determine the cut-off points, and the aim was to
identify the threshold values that provided the most signifi-
cant distinction in terms of operating time for the USP dis-
tance. Analyses were performed using the MaxStat library
in the Python 3.11.7 programming language.

Based on the cut-off values obtained from the MaxStat
analysis, patients were divided into two groups: those with
USP distances equal to or below the cut-off value and those
above the cut-off value. The operating times between these
two groups were compared. Due to the non-normal distri-
bution of the data, intergroup comparisons were performed
using the non-parametric Mann—Whitney U test with
IBM SPSS Statistics version 26.0 (IBM Corp., Armonk,
NY, USA). A p<0.05 value was considered statistically
significant.

Results

A total of 341 patients who met the inclusion and exclusion
criteria were included in the study. Of these patients, 272
underwent surgery for unilateral inguinal hernia and 69 for
bilateral inguinal hernia. The age range of the study popu-
lation was between 18.00 and 77.00 years, with a median
age of 44.00 years. The baseline demographic and clini-
cal characteristics of the study population are summarized
in Table 1. The majority of patients had unilateral hernias
(79.8%), while 20.2% had bilateral hernias. Among unilat-
eral cases, right-sided hernia was more common (203 vs.
69). The median BMI was 28.5 kg/m?. The median USP dis-
tance was 17.30 cm (range: 9.70-23.50 cm).

When evaluating the umbilicus—symphysis pubis (USP)
distance, a significant anatomical variation was observed
among patients. In unilateral cases, the USP distance ranged
from 9.70 cm to 23.50 c¢cm, while in bilateral cases, this
value ranged from 11.10 cm to 22.30 cm. The relationship
between the USP distance and the operation duration was
analyzed using the Python-based Maximally Selected Rank
Statistics (MaxStat) method, testing different cut-off points.

@ Springer
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Table 1 Comparison of operative outcomes according to USP-based
grouping in unilateral and bilateral TAPP repairs

Table 2 Demographic and Clinical Characteristics of the Study Popu-
lation

Total patients () 341
Median age (years) 44.00
Minimum age (years) 18
Maximum age (years) 77

Hernia type
Hernia side (unilateral), n (%)

Unilateral: 272 (n) | Bilateral: 69 (n)
Right: 203 / Left: 69

BMI, median (range), kg/m* 28,5 kg/m?
Median USP distance (cm) 17.30
USP distance range (cm) 9.70-23.50

USP: Umbilicus—Symphysis Pubis distance, n:number, cm: centime-
ter

When examining the p-value distribution corresponding to
candidate cut-off values, it was observed that the most pow-
erful statistical thresholds for distinguishing operation dura-
tion formed distinct peaks. As a result of this analysis, the
optimal cut-off value was determined to be 15 cm for uni-
lateral inguinal hernia cases and 16 cm for bilateral cases.

These threshold values were then used to form patient
groups, and a graph showing the change in the p-value distri-
bution according to the cut-off points is presented in Fig. 2.

Patients were divided into four groups based on the side
of the hernia and the USP cut-off values:

Group 1: Unilateral hernia, USP<15 cm
Group 2: Unilateral hernia, USP>15 cm
Group 3: Bilateral hernia, USP<16 cm
Group 4: Bilateral hernia, USP>16 cm

The operative times and mean USP values for each group
are summarized in Table 2. In unilateral cases, the median
operative time was 45.0 min (range: 30.0-65.0) in patients

Unilateral (cut-off ~ Group 1 (n=60) Group 2 (n=212) p
=15.0)

Operation duration, 45.0 (30.0-65.0) 32.0 (18.0-45.0) <0.001
median (range), min

Median USP 13.40 17.70

distance, median (9.70-14.90) (15.00-23.50)

(range), (cm)

Bilateral (cut-off Group 3 (n=19) Group4 (n=50) p
=16.0)

Operation duration, 85.0 65.0 (30.0-85.0) <0.001
median (range), min (60.0-125.0)

Median USP 14,50 17.80

distance, median
(range), (cm)
USP: Umbilicus—Symphysis Pubis distance, n:number, cm: centime-
ter

(11.10-15.90)  (16.00-22.30)

with USP<15 cm and 32.0 min (range: 18.0-45.0) in
patients with USP>15 cm (p<0.001).

When comparing operative times between groups using
the Mann—Whitney U test:

e In unilateral cases, a statistically significant difference
in operation duration was found between patients with
an USP distance of 15 cm or less and those with an USP
distance greater than 15 cm (p<0.001).

e Similarly, in bilateral cases, a statistically significant
difference in operation duration was found between pa-
tients with USP distances<16 cm and those with USP
distances>16 cm (p<0.001).

e In bilateral cases, the median operative time was

85.0 min (range: 60.0-125.0) in patients with
USP<16 cm and 65.0 min (range: 30.0-85.0) in patients
with USP>16 cm (p<0.001).
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Fig. 2 Identification of optimal USP cut-off values using maximally
selected rank statistics (MaxStat). The figure shows the distribution
of —log10(p) values across tested USP cut-off points obtained using the
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MaxStat method. Peaks indicate the most discriminative thresholds for
operative time. The optimal cut-off values were identified as 15 cm for
unilateral and 16 cm for bilateral inguinal hernia cases
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e In the unilateral hernia group, it was observed that the
operative time was longer in patients with an USP dis-
tance<15 cm and shorter in patients with an USP dis-
tance> 15 cm. It was determined that this anatomical ef-
fect had the same effect on the operative time in bilateral
hernia repairs (<16 cm - >16 cm).

These findings indicate that a shorter USP distance is asso-
ciated with prolonged operative time in both unilateral and
bilateral TAPP repairs.

Discussion

Laparoscopic surgery has been increasingly applied in many
surgical disciplines in recent years and has become one of
the fundamental components of modern surgical practice
due to the advantages offered by the minimally invasive
approach. Gains such as smaller incisions, less postopera-
tive pain, shorter hospital stays, faster return to daily life,
and better cosmetic results have led to the widespread adop-
tion of laparoscopic techniques [10, 11]. Parallel to this
development, the learning process -required to safely and
effectively perform laparoscopic procedures in different sur-
gical fields- has also become an important research topic
[12-14].

Surgical difficulty in laparoscopic procedures is influ-
enced by multiple factors, including anatomical variations
and the operative field. Previous studies have shown that
anatomical proximity of pathological structures to criti-
cal surgical landmarks may increase technical complexity,
operative time, and the likelihood of conversion to open
surgery. In a recent study, it was demonstrated that the loca-
tion of perforation relative to key anatomical regions was
associated with increased surgical difficulty and conversion
rates in minimally invasive surgery. These findings support
the concept that anatomical parameters may serve as predic-
tive indicators of technical challenge during laparoscopic
procedures [15].

Numerous studies have shown that as the surgeon’s expe-
rience increases, the duration of surgery decreases, compli-
cation rates decrease, and surgical outcomes become more
predictable [16, 17]. Today, appropriate patient selection
is recognized as an important factor in optimizing surgical
outcomes and minimizing operative risk in laparoscopic
procedures [18, 19].

Appropriate patient selection is even more critical in lapa-
roscopic pelvic surgeries, particularly where the anatomical
working space is limited. The deep and narrow anatomical
structure of the pelvic region can directly affect the maneu-
verability of laparoscopic instruments, the field of view, and
the safety of dissection. Therefore, the patient’s anatomical

characteristics are among the important factors determining
the technical difficulty of the operation. Parameters such as
pelvic depth, abdominal wall length, and accessibility to the
surgical target area can be decisive in the duration of the
operation by affecting the surgeon’s ergonomics and maneu-
vering capacity. These anatomical variables may contribute
to increased technical difficulty and prolonged operative
times during laparoscopic pelvic procedures [17, 20, 21].

Inguinal hernia repair is one of the most frequently per-
formed elective surgical procedures by general surgeons
[1, 2]. Given this frequency, preoperatively anticipating
anatomical factors that may influence operative complex-
ity could contribute to more informed surgical planning and
resource allocation.

The exclusion criteria applied in the study aimed to cre-
ate a more homogeneous patient group by eliminating, as
far as possible, other variables that could affect the opera-
tive time and technical difficulty.

Female patients were excluded from the study to reduce
anatomical heterogeneity and to obtain a more homoge-
neous study population for evaluating the relationship
between USP distance and operative time. This exclusion
was not intended to imply that female anatomy is less com-
plex, but rather to minimize the potential confounding effect
of sex-related anatomical differences in the inguinal region.

Recurrent inguinal hernia cases are known to be techni-
cally more challenging due to fibrotic changes in the dis-
section area associated with previous surgical interventions,
disruption of tissue planes, and adhesions, particularly to
previously placed mesh material. As surgical dissection in
these patients is a more careful and experience-requiring
process, which could significantly affect the duration of the
operation, recurrent cases were not included in the study.

In patients with a high body mass index (BMI>35 kg/
m?), achieving adequate exposure may be difficult due to
thickened abdominal wall and increased intra-abdominal fat
tissue, making it challenging to clearly visualize anatomi-
cal structures and potentially prolonging the operative time.
Therefore, obese patients were also excluded to obtain a
homogeneous study group.

In patients with scrotal hernias, dissection of the hernial sac
and safe reduction of its contents into the abdomen is a techni-
cally more difficult and experience-requiring process. Large
hernial sacs, long-standing hernias, and the presence of scrotal
extension may increase the duration and difficulty of dissec-
tion; therefore, these cases were excluded from the study.

The risk of intraoperative and postoperative bleeding is
significantly increased in patients receiving anticoagulant
therapy, requiring more controlled and careful dissection.
As the additional interventions required for bleeding control
may affect the duration of the operation, this patient group
was also excluded from the study.

@ Springer



189 Page 6 of 8

Hernia (2026) 30:189

Patients requiring emergency surgery present a differ-
ent surgical dynamic compared to elective cases due to
additional difficulties arising from their clinical condition,
oedematous tissues, strangulation findings, and limited pre-
operative preparation time. As this situation may directly
affect the duration of the operation and the degree of tech-
nical difficulty, emergency cases were excluded from the
study.

Cases converted to open surgery due to intraoperative
complications were excluded from the evaluation because
the planned laparoscopic procedure could not be completed.
In these cases, the operative time and technical difficulty
did not directly reflect the laparoscopic dissection process;
therefore, they were not included in the analyses to preserve
the methodological integrity of the study.

The findings obtained in this study reveal noteworthy
results when compared to studies examining the effect of
anatomical factors on operation duration and technical dif-
ficulty in laparoscopic surgeries, thereby contributing to the
literature. One study in the literature evaluated unilateral
TAPP repair in 80 patients and bilateral TAPP repair in 42
patients; it reported that the USP distance did not signifi-
cantly affect the operative time in unilateral hernia repairs,
whereas in bilateral repairs, the operative time increased
significantly as the USP distance increased [5]. In contrast
to these findings, our study demonstrated that operative
times were significantly longer in patients with shorter USP
distances in both unilateral (< 15 cm) and bilateral (< 16
cm) cases.

This suggests that the USP distance may be an anatomi-
cal marker that can affect the operative time not only in
bilateral cases but also in unilateral surgeries when appro-
priate threshold values are considered. This difference may
be attributed to variability in the patient population, sample
size, and surgical application dynamics.

From an ergonomic perspective, laparoscopic TAPP
repair is highly dependent on appropriate triangulation and
sufficient working distance between ports. A shorter umbi-
licus—symphysis pubis distance may reduce the effective
working space in the lower abdomen, leading to increased
instrument collision (swording), restricted movement
angles, and technical challenges during dissection and peri-
toneal closure. These limitations may be particularly pro-
nounced when the camera port is placed infraumbilically, as
this configuration reduces the distance between the optical
axis and working instruments, thereby negatively affecting
visualization and maneuverability.

It should be noted that the ergonomic impact of camera
port positioning may vary depending on surgical preference
and technique, and infraumbilical placement, although stan-
dard in our practice, may present technical challenges such as
instrument crowding in certain cases. Additionally, alternative
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anatomical measurements, such as the distance between the
xiphoid process and the umbilicus, may also be considered in
surgical planning; however, these were not evaluated in the
present study and may be explored in future research.

The importance of anterior abdominal wall anatomy in
planning appropriate port placement for laparoscopic sur-
gery has been emphasized in numerous studies [20, 21]. The
distance between the umbilicus and the pelvis, abdominal
wall length, and anatomical features of the lower abdomen
are among the parameters that can directly affect the sur-
geon’s working angle and instrument movement freedom. It
is noted that, particularly in procedures targeting the pelvic
region, planning port placement based on patient-specific
anatomical features may contribute to a more effective and
controlled execution of the operation.

However, a study evaluating the TEP technique reported
that anatomical measurements of the anterior abdominal wall
did not show a significant correlation with operating time [6].
This finding indicates that anatomical parameters may not
have the same impact across different surgical techniques.
In the present study, the significant association observed
between USP distance and operative time in both unilateral
and bilateral cases using the TAPP approach suggests that this
difference may be related to the characteristics of the surgical
technique itself. While the TEP procedure involves limited
dissection within a confined extraperitoneal space, the TAPP
technique requires intraperitoneal access and a wider dissec-
tion field. Consequently, anatomical parameters reflecting
anterior abdominal wall length may have a more pronounced
influence on working angles, instrument maneuverability,
and overall operative performance in TAPP repair.

The umbilicus—pubic symphysis distance represents a
simple and easily measurable anatomical parameter that can
be obtained preoperatively without the need for additional
equipment, making it clinically practical. Patients with a
shorter USP distance were associated with longer opera-
tive times in the present study, which may be explained by
reduced working space and increased instrument interfer-
ence. However, this parameter should not be interpreted as
a standalone determinant of technical difficulty, but rather
as a supportive anatomical indicator within a multifactorial
framework. Operative time is influenced by multiple fac-
tors, including hernia type, sac size, hernia side, abdominal
wall morphology, and disease duration, and therefore can-
not be attributed to a single anatomical parameter alone.
Accordingly, USP distance may be considered as a com-
plementary factor in preoperative assessment and surgi-
cal planning, rather than a definitive predictor of operative
difficulty. In practical terms, USP distance measurement
requires no additional equipment or imaging and can be per-
formed within seconds during routine physical examination.
Surgeons may use this information to anticipate potentially
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longer operative times, optimize operating room schedul-
ing, and prepare for cases that may require additional tech-
nical attention. These applications do not alter the indication
for surgery but may support more informed and efficient
perioperative planning.

In addition, no radiological or imaging-based anatomical
measurements were included in this study. Although such
evaluations could provide a more comprehensive assess-
ment of pelvic anatomy and surgical difficulty, the aim of
this study was to focus on a simple, clinically applicable
parameter that can be obtained during routine physical
examination.

Conclusion

This study evaluated the relationship between the umbili-
cus—symphysis pubis (USP) distance and the duration of
laparoscopic inguinal hernia repair performed via TAPP and
demonstrated that this anatomical measurement could be a
parameter associated with operative duration and procedural
complexity in both unilateral and bilateral cases. These find-
ings suggest a potential association between USP distance and
operative complexity; however, external validation in pro-
spective and multicenter studies is needed before this param-
eter can be recommended for routine preoperative assessment.

The study has some limitations. Firstly, its single-center
and retrospective design may limit the generalizability of the
results. Furthermore, other limitations include inter-surgeon
technical differences that may affect operating times, other
variables related to patient anatomy, the absence of addi-
tional ergonomic and radiological parameters, the lack of
pelvic anatomical measurements that could have provided
a more comprehensive evaluation of surgical ergonomics,
and the absence of an objective scoring system that directly
measures the degree of dissection difficulty. Additionally,
the analysis was based on a single anatomical parameter
without adjustment for potential confounders such as her-
nia type, sac size, disease duration, patient morphology, and
surgeon-related variables. The absence of a multivariable
analysis represents an important methodological limitation,
and future studies should incorporate such analyses to bet-
ter isolate the independent contribution of USP distance to
operative time. The lack of radiological or imaging-based
anatomical assessment may further limit the comprehensive
evaluation of pelvic anatomy and its impact on surgical dif-
ficulty. Importantly, the highly selected nature of the study
population, resulting from extensive exclusion criteria, may
limit the generalizability of these findings to the broader and
more heterogeneous TAPP patient population encountered
in routine clinical practice. However, the fact that the USP
distance was measured and recorded prospectively and that

a homogeneous patient group was evaluated can be consid-
ered methodological strengths of the study.

Appropriate patient selection is a key component of
operative planning in laparoscopic surgery. The findings of
the present study suggest that USP distance may serve as
a simple, preoperatively measurable parameter that could
support case planning by helping surgeons anticipate longer
operative times. However, this hypothesis requires prospec-
tive validation before USP distance can be recommended as
a routine patient selection criterion.
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