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ABSTRACT

Background: Laparoscopic surgery requires complex psychomotor skills, including bimanual coordination, adaptation
to the fulcrum effect, depth perception, and fine instrument control. Dry-lab simulation enables the development of
these skills in a safe, reproducible environment without risk to patients.

Methods: A retrospective, cross-sectional study with convenience sampling was conducted from March 2024 to
January 2026 at the Centro de Formacion de Minima Invasion in Mexico City, Mexico, conducted among residents and
attending physicians enrolled in a diploma course on advanced laparoscopy and robotic techniques at a minimally
invasive surgery training center in Mexico City. Nonparametric tests included Wilcoxon, Friedman, Kruskal-Wallis,
and Mann-Whitney U tests, as well as Spearman correlation, with statistical significance set at p<0.05, using statistical
package for the social sciences (SPSS) program.

Results: Of 523 initial records, 489 participants were included. Mean age was 30.7+3.7 years; 70.6% were male and
29.4% were female. Most participants belonged to General Surgery (91.0%), followed by Urology (7.0%) and
Gynecology (2.0%). Significant improvement was observed in object transfer (35.8%; p<0.001), extracorporeal knot
tying (43.5%), and intracorporeal suturing (22.6%; p<0.001). Precision cutting did not show significant improvement:
delta +1 second, percentage improvement -0.4%, and p=0.788. Comparisons among tasks demonstrated significant
differences (p<0.001).

Conclusions: Structured laparoscopic simulation was associated with significant improvement in three basic tasks. The
magnitude of improvement varied according to task type and was greatest for extracorporeal knot tying. Precision
cutting requires complementary assessment metrics focused on accuracy and technical quality.

Keywords: Laparoscopic simulation, Dry lab, Learning curve, Surgical skills, General surgery, Urology, Gynecology
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INTRODUCTION

Laparoscopic surgery has become a central component of
modern surgical practice and the standard of care for
multiple conditions. Its benefits include less postoperative
pain, shorter hospital stays, and earlier functional
recovery. However, learning laparoscopy entails specific
cognitive and psychomotor demands that differ from those
required in open surgery. The operator must perform three-
dimensional manoeuvres based on a two-dimensional
image, adapt to the fulcrum effect, coordinate both hands
under indirect visualization, and compensate for reduced
tactile feedback. These demands support educational
models that separate the initial acquisition of technical
skills from direct clinical practice.!

The learning curve describes the relationship between task
practice and acquired proficiency. According to the Fitts
and Posner model, motor learning progresses from a
cognitive phase, characterized by high mental workload
and frequent errors, to an associative phase in which errors
decrease and efficiency improves, ultimately reaching an
autonomous phase characterized by fluent performance
and lower cognitive load. In laparoscopic simulation, this
progression is commonly assessed using task completion
time, error rate, and the number of repetitions required to
reach a performance plateau.””

Dry-lab simulation allows modular tasks to be practiced in
a controlled, reproducible environment without risk to
patients. Box trainers, laparoscopic instruments, and
inanimate  materials enable deliberate repetition,
immediate feedback, and objective assessment at a lower
cost than high-fidelity simulators. Although anatomical
realism is limited, this modality is useful for developing
bimanual coordination, triangulation, cutting, ligation, and
suturing skills, and the skills acquired may be associated
with better early performance in the operating room.!%"?

Performance assessment may focus on task outcomes,
using time and errors, or on process quality, using global
rating scales such as GOALS and kinematic analysis. This
distinction is important because time alone does not
capture accuracy, instrument stability, or adherence to
margins, particularly in tasks such as precision cutting.'®-
21

General Surgery, Gynecology, and Urology all use
laparoscopic techniques, but differ in clinical exposure,
target anatomy, and technical demands. Familiarity with
broad triangulation movements, work within the lesser
pelvis, restricted anatomical spaces, and complex
reconstructive tasks may influence the rate of skill
acquisition. Nevertheless, curriculum standardization and
deliberate practice may reduce these differences.?>3°

In Mexico, limited information 1is available on
performance dynamics in simulation programs that
simultaneously compare laparoscopic tasks, surgical
specialties, and levels of training. The aim of this study

was to compare the magnitude of improvement and the rate
of skill acquisition across four basic laparoscopic tasks
within a structured simulation program, and to explore the
effects of surgical specialty, training level, and age.

METHODS

A retrospective, cross-sectional, descriptive, observational
study with convenience sampling was conducted from
March 2024 to January 2026 at the Centro de Formacion
de Minima Invasién in Mexico City, Mexico.

Participants and selection criteria

The study population consisted of residents and board-
qualified/attending physicians in General Surgery,
Urology, and Gynecology who completed the diploma
course in advanced laparoscopy and robotic techniques.
Participants were included if they successfully completed
the course and had complete records for age, sex, specialty,
training level, and initial and final completion times for all
four tasks. Completion times were required to be greater
than zero and free of extreme values incompatible with the
measurement.

Participants who did not complete the diploma course were
excluded. For complete-case analysis, records with
missing values, initial or final times equal to zero, and
evident extreme values, defined as completion times
greater than 1,800 seconds, were removed.

Study variables

Demographic, clinical, anatomical, and surgical variables
were collected from institutional medical records. Bile
duct injuries were classified according to the Strasberg and
Bismuth classification systems, as appropriate, based on
the anatomical characteristics documented in the operative
reports. Variables analysed included sex, age, injury
classification, surgical complexity (SG2 or SG3), type of
reconstruction performed, presence of postoperative bile
leak, and biliary patency during follow-up.

Simulation setting and equipment

Training was performed using box trainers (endotrainers),
a high-definition monitor, and a 0° laparoscopic camera.
Instruments included Maryland dissectors, laparoscopic
scissors, graspers, laparoscopic needle holders, and 3-0
polyglycolic acid and 3-0 silk training sutures. Teaching
materials included a plastic peg tower, colored plastic
beads, nonwoven fabric, holding clamps, balloons,
adhesive, a cork base, and simulated models. A
smartphone camera was used for video recording and
timing.

Tasks evaluated

The tasks, based on fundamental laparoscopic skills
exercises, were as follows.
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Object transfer (peg transfer) using Maryland dissectors
and a grasper, the participant transferred pieces with a
central opening from one hand to the other and placed
them on the contralateral side without allowing them to fall
outside the visual field. The task assessed bimanual
coordination, nondominant-hand coordination, and
adaptation to the laparoscopic environment. The time limit
was 360 seconds.

Precision cutting using a Maryland dissector and
laparoscopic scissors, the participant cut a circular figure
marked on nonwoven fabric, remaining within 2 mm
outside the line, without detaching or tearing the material
and while using both hands. The task assessed fine cutting,
angulation, dissection, bimanual coordination, and tissue
handling. The time limit was 360 seconds.

Endoscopic ligation or extracorporeal knot tying (ligation
loop), in which the participant constructed an
extracorporeal knot, introduced it into the trainer, and
advanced it with a grasper to a marked line on a simulated
appendix. The task assessed technical sequencing, fine
coordination, and tissue handling. The time limit was 180
seconds.

Intracorporeal suturing and knot tying, in which the
participant performed intracorporeal suturing on a balloon
or Penrose drain divided along the midline, placed two
stitches at the ends, and constructed a square knot aligned
with the marks. The task assessed needle loading and
orientation, bimanual coordination, accuracy, and knot
construction. The time limit was 560 seconds.

Procedure and assessment

Participants completed a questionnaire on demographic
characteristics and background information. The first
attempt at each exercise was video-recorded as the
baseline assessment, and task completion time was
recorded. Subsequently, three attempts at each task were
timed, with technical corrections and supervised
performance according to the task description and
maximum allowed time. Finally, an additional round was
performed and video-recorded as the final assessment,
with completion time recorded again. Baseline and final
videos were uploaded to an online platform as assessment
evidence.

Variables and outcomes

The main independent variable was surgical specialty:
General Surgery, Gynecology, or Urology. Dependent
variables were initial time, final time, time delta, absolute
improvement, and percentage improvement for each task.
Secondary variables were task type, training level (resident
or attending/specialist), age, and sex.

Delta was calculated as final time minus initial time; a
negative value indicated a reduction in completion time
and improved performance. Absolute improvement was

calculated as initial time minus final time. Percentage
improvement was calculated as follows.

Percentage improvement
= [(Initial time
— final time) /initial time] X 100

Statistical analysis

Data were entered into an electronic database and
reviewed to identify incomplete records, outliers, and
invalid completion times. All times were standardized to
seconds. Quantitative variables were described using mean
and standard deviation when normally distributed and
median and interquartile range when normality criteria
were not met. Qualitative variables were summarized as
absolute frequencies and percentages.

Normality was assessed using the Shapiro-Wilk test and
graphical inspection. Because several measurements were
non-normally distributed and extreme values were present,
nonparametric tests were prioritized. Initial and final
completion times for each task were compared using the
Wilcoxon signed-rank test. Overall differences among
tasks were analyzed using the Friedman test. Improvement
across specialties was compared using the Kruskal-Wallis
test, whereas residents and attending physicians/specialists
were compared using the Mann-Whitney U test.
Associations between quantitative variables were assessed
using Spearman's rank correlation. Statistical significance
was set at p<0.05. Given the imbalance in sample size
across specialties, these comparisons were interpreted as
exploratory.

RESULTS
Participant selection and characteristics

A total of 523 records were identified. After applying the
data quality criteria, 34 records were excluded due to
incomplete information, completion times equal to zero, or
extreme values. The final sample comprised 489
participants, representing 93.5% of the original dataset.

The mean age was 30.7+3.7 years, with a median age of
30 years and an interquartile range of 28-32 years. The
study included 345 men (70.6%) and 144 women (29.4%).
Most participants were from General Surgery (n=445,
91.0%), followed by Urology (n=34, 7.0%) and
Gynecology (n=10, 2.0%). Regarding training level, 259
participants were residents (53.0%), whereas 230 were
attending physicians or specialists (47.0%) (Table 1).

Overall performance by task

For object transfer, the median initial completion time was
373 seconds and the median final time was 243 seconds.
The median delta was -137 seconds and the median
percentage improvement was 35.8%. The difference was
statistically significant (p<0.001).
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For precision cutting, the median initial completion time
was 270 seconds and the median final time was 268
seconds. The median delta was +1 second and the median
percentage improvement was -0.4%. No significant
difference was identified between assessments (p=0.788).

For extracorporeal knot tying, the median initial
completion time was 138 seconds and the median final
time was 71 seconds. The median delta was -49 seconds
and the median percentage improvement was 43.5%, with
a significant difference (p<<0.001).

For intracorporeal suturing, the median initial completion
time was 300 seconds and the median final time was 230
seconds. The median delta was -70 seconds and the median
percentage improvement was 22.6%, also representing a
significant difference (p<<0.001) (Table 2). The Friedman
test demonstrated statistically significant differences in the
magnitude of percentage improvement among the four
tasks (p<0.001). The greatest improvement was observed

for extracorporeal knot tying (43.5%), followed by object
transfer (35.8%), intracorporeal suturing (22.6%), and
precision cutting (-0.4%).

Results by specialty, training level, and age

For object transfer, median percentage improvement was
36.4% in General Surgery, 25.8% in Gynecology, and
33.8% in Urology. No significant differences were
observed among specialties (p=0.546). For precision
cutting, median percentage improvement was -2.6% in
General Surgery, -31.8% in Gynecology, and 28.9% in
Urology. The comparison showed statistically significant
differences (p<0.001); however, this finding should be
interpreted cautiously because of the small numbers of
participants in the Gynecology and Urology groups (Table
3). No statistically significant differences were found
between residents and attending physicians/specialists for
any task. Likewise, no significant association was
observed between age and percentage improvement.

Table 1: Sample characteristics and participant selection.

Variables N Result

Initial records 523 100%

Excluded records 34 Incomplete information, completion times equal to zero, or extreme values
Included participants 489 93.5% of the original database

Age 489 30.7+3.7 years; median 30; IQR 28-32
Men 345 70.6%

Women 144 29.4%

General Surgery 445 91.0%

Urology 34 7.0%

Gynecology 10 2.0%

Residents 259 53.0%

Attending physicians/specialists 230 47.0%

IQR: interquartile range

Table 2: Overall results by laparoscopic task.

Median
initial time

Median
final time delta*

Median

Median
percentage

P value Interpretation

(seconds) (seconds)

(seconds)

improvement

Object transfer 373 243 -137 35.8 <0.001 Significant improvement

Precision cutting 270 268 + 0.4 0788 o significant
1mprovement

Extracorporeal . .

| 138 71 -49 43.5 <0.001  Significant improvement

Sutura 300 230 -70 22.6 <0.001  Significant improvement

intracorporea

*Delta=final time - initial time. A negative delta indicates reduced completion time and improved performance. The overall comparison

among tasks using the Friedman test was significant (p<0.001)

Table 3: Median percentage improvement in selected tasks by specialty.

| Tasks General surger Gynecolog Urolog

Object transfer 36.4%

25.8% 33.8%

Precision cutting -2.6%

-31.8% 28.9%

Object transfer: Kruskal-Wallis p=0.546. Precision cutting: Kruskal-Wallis p<0.001. Specialty-specific results are exploratory because of

the imbalance in sample size
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DISCUSSION

This study evaluated performance dynamics across four
fundamental dry-lab laparoscopic simulation tasks. Paired
comparisons demonstrated significant improvement in
object transfer, extracorporeal knot tying, and
intracorporeal suturing, whereas precision cutting showed
no significant change in completion time. Overall, these
findings indicate that skill acquisition is not uniform and
that the response to training depends on the psychomotor
demands of each task.

The greatest gains were observed in extracorporeal knot
tying and object transfer, with improvements of 43.5% and
35.8%, respectively. Both tasks rely on structured,
repetitive motor sequences that may facilitate early
consolidation of psychomotor patterns. This behavior is
consistent with progression from the cognitive to the
associative phase of learning, particularly when deliberate
practice, supervised repetition, and immediate feedback
are provided.”*!?

Object transfer showed a median reduction of 137 seconds.
This task requires bimanual coordination, control of the
nondominant hand, adaptation to the fulcrum effect, and
basic visuospatial orientation. Early improvement may be
related to the rapid consolidation of simple motor patterns
and a progressive reduction in initial cognitive load.'4??

Extracorporeal knot tying was the task with the greatest
percentage improvement. Its fixed sequence—knot
construction, introduction, and controlled advancement—
allows clearly defined repetitive steps to be internalized.
From an educational perspective, this responsiveness to
deliberate practice suggests that the task may serve as an
early indicator of progress in basic laparoscopic skills.”??

Intracorporeal suturing showed significant improvement,
although of a smaller magnitude. This finding is consistent
with its greater technical complexity, as the task requires
integration of depth perception, advanced bimanual
coordination, fine needle control, economy of motion, and
knot construction within the laparoscopic field. The
combination of these demands increases cognitive load
and may prolong the transition toward more efficient
stages of performance.?%30

Precision cutting did not show a significant reduction in
completion time. This finding does not necessarily indicate
an absence of learning; rather, it highlights the limitation
of time as a standalone performance metric. Cutting
quality depends on path accuracy, force -control,
instrument stability, adherence to margins, and fine
bimanual coordination.

Some participants may have prioritized accuracy over
speed. Therefore, assessment of this task should be
complemented by technical-quality metrics, global rating
scales such as GOALS, or kinematic analysis.'®2°

The overall differences among tasks support the
hypothesis that skills with a clearly defined sequential
structure may demonstrate greater learning efficiency than
those that depend on fine motor control and technical
judgment. This finding has curricular implications: tasks
should not necessarily receive identical training time, and
proficiency criteria should be adapted to the nature of each
exercise.

No consistent differences were observed among General
Surgery, Urology, and Gynecology. This suggests that a
standardized program may promote comparable
acquisition of basic skills across specialties. The difference
observed in precision cutting should be regarded as
exploratory because of the imbalance among groups.
Studies cited in the source manuscript likewise suggest
that interspecialty differences may diminish when training
is structured around deliberate practice and common
performance criteria.?>?

Training level and age were not associated with the
magnitude of improvement. This finding suggests that the
benefits of structured, repetitive exposure may extend to
both residents and specialists and may not depend
exclusively on previous surgical experience.'?!®

Strengths of this study include its sample size, the
assessment of several standardized tasks, and paired
analysis of baseline and final measurements. Limitations
include the retrospective design, convenience sampling,
marked imbalance among specialties, predominant use of
completion time as the performance metric, and absence of
a formal assessment of technical quality. These limitations
restrict interpretation of comparisons among specialties
and support the incorporation of complementary metrics in
future assessments.

These findings provide information relevant to surgical
education in Mexico and support the design of
competency-based curricula. Prioritizing tasks according
to their learning curves, extending training exposure for
intracorporeal suturing, and incorporating accuracy
metrics for cutting may contribute to assessments that
better reflect the characteristics of each skill.

CONCLUSION

Structured dry-lab laparoscopic simulation was associated
with significant improvement in completion time for
object transfer, extracorporeal knot tying, and
intracorporeal suturing. The magnitude of improvement
differed among tasks and was greatest for extracorporeal
knot tying. Precision cutting showed no significant change
when assessed solely by completion time, indicating the
need for complementary measures of accuracy and
technical quality.

No consistent differences were identified according to
surgical specialty or training level, and age was not
associated with improvement. The research hypothesis
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partially supported: variability was observed

according to task type, but overall differences attributable
to specialty or training level were not confirmed.

These results support simulation as a tool to standardize
learning, assess technical performance, and promote
competency acquisition before skills are applied in real
patients.
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