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~—ABSTRACT

Introduction: The advantages of laparoscopic colorectal surgery have been proven in several studies, but
its use is limited in some countries and not widely practiced. One of the primary benefits of laparoscopic
surgery is that it reduces patient discomfort and hospital stays compared to traditional open surgery. This
study presents an overview of the virtual reality training method for laparoscopic colorectal surgery and
offers evidence for the effectiveness of this training curriculum and the associated learning curve.

Material and methods: To conduct this research, we conducted a thorough review of the relevant
literature in the PubMed database, focusing on studies related to "Virtual reality and colorectal laparoscopic
surgery training”.

Results: The vast majority of the publications included in the current review suggest that that laparoscopic
surgery in colon has many advantages in contrast to open surgery. Also, virtual reality is essential to all
surgeons in order to be familiarized with laparoscopy, while cadaveric and animal models may be useful for
the curricula.

Conclusions: Appropriate skills are required from surgeons to perform laparoscopic colorectal surgery,
which offers various benefits such as quick recovery, decreased postoperative pain, and enhanced safety.
Training programs using virtual reality simulators can significantly enhance laparoscopic surgery skills of
qualified and resident surgeons.
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ABBREVIATIONS

LCS: laparoscopic colorectal surgery

VR: virtual reality

PRISMA-ScR: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
extension for Scoping Reviews

INTRODUCTION

ince its first successful implementation

in 1991, multiple well-documented

studies have demonstrated the signifi-

cant advantages of laparoscopic colo-

rectal surgery (LCS) over traditional
open approaches. These benefits include faster
patient recovery, reduced hospitalization, and
decreased postoperative pain. As a result, de-
mand for LCS training has significantly increased
(1, 2). Training for laparoscopic surgery has tradi-
tionally involved learning through a pig model or
a cadaver. However, simulation-based instruc-
tion has now become prevalent, imparting prac-
tical skills, technical approaches, and theoretical
knowledge to prepare surgeons and medical stu-
dents for the laparoscopic operating room (3, 4).
Thanks to the latest advancements in computer
graphics and haptic feedback technology, virtual
reality (VR) now offers an unparalleled degree of
realism through highly accurate representations
of anatomy and related pathologies. This maxi-
mizes the learning experience (5, 6).

The aim of this review is to familiarize readers
with the benefits and drawbacks of laparoscopic
colorectal surgery. Additionally, it aims to outline
the useful tools and techniques for training in LCS,
as well as examining the cognitive frameworks
that LCS training is based on, including both ani-
mal and human models. d

MATERIALS AND METHODS

The PubMed database was extensively
searched using specific keywords such as co-
lon, laparoscopy, surgery, training, virtual reality
for relevant published sources. To ensure accu-
racy and adequacy, information was gathered
through a common data extraction form de-
signed for the aforementioned keywords. The
research study adhered to the guidelines of
PRISMA-ScR (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses extension
for Scoping Reviews), a comprehensive ap-
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FIGURE 1. Virtual reality in laparoscopic colorectal surgery training

PRISMA

proach for conducting scoping reviews. By fol-
lowing PRISMA guidelines, a total of 29 records
were initially identified through the PubMed
search, and an additional 14 records were ob-
tained through a thorough review of references.
After removing duplicates, the final number of
screened records was 43. A total of 22 full-text
articles were assessed for eligibility, resulting in
the exclusion of 21 articles, titles, and abstracts
that were not relevant. Hence, the specific arti-
cle is based on the information retrieved from 22
reliable references (Figure 1, Table 1). O

RESULTS

total number of 43 records finally matched

the criteria for our study. Twenty two of them
were assessed for accuracy and therefore used in
the present review work. Of all study partici-
pants, surgically unexperienced novice surgeons
were the ones with the most significant enhance-
ment from the VR laparoscopic training model.
The detailed analysis and discussion of the
22 reviews suggested that VR simulation, despite
its highly expensive cost of acquisition, reduced
the learning curve for colorectal laparoscopy,
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with the experienced surgeons having more in-
tense learning and the novice doctors having
faster progress.

The training program VR surgical skills course
in colon aims to teach the trainee how to accu-
rately handle laparoscopic tools, place a needle in
a specific designed area and not damage the sur-
rounding tissues. Numerous studies support the
superiority of VR training compared to box and
video trainers in terms of greater efficacy and ac-
curacy, although no significant statistical difference
between training methods has been furthermore
established. Multiple investigations demonstrated
that cadaveric and animal models were appropri-
ate foundations for VR training, providing realistic
haptics, increased skills in dissection and control-
ling bleeding, despite the disadvantages that they
sometimes have. O

DISCUSSION

articipants in the study were categorized into

four groups: (a) individuals with no previous
experience; (b) medical students who lacked
laparoscopic surgery experience; (c) beginner
surgeons with limited laparoscopic surgery expe-
rience; and (d) expert surgeons with complete
knowledge of laparoscopic surgery who under-
went virtual reality (VR) training.

A recent study found that novice surgeons' sur-
gical skills were significantly enhanced through VR
training, whereas the improvement of those with
no previous laparoscopic experience was not sta-
tistically significant. However, the difference in
incremental improvement between the two groups
was not statistically significant (7-10).

Numerous studies worldwide have suggested
the importance of the learning curve, despite de-
bate over the efficacy of its calculation. Various
factors, such as clinical outcomes, conversion
rates, and case complexity, contribute to measur-
ing efficiency (11). While multiple studies esti-
mate learning curves, proficiency is estimated at
11-70 cases using a single-parameter approach
and 200-250 cases using a multiple-parameter
approach. The complexity of this issue highlights
the necessity of measuring and examining know-
ledge for optimal clinical outcomes (12). Further-
more, self-taught surgeons' learning curves reflect
the structured curriculum, and VR simulation has
been shown to decrease the learning curve for
colorectal laparoscopy according to numerous pa-

pers (13-15). Despite a systematic review and
meta-analysis questioning the adequacy of VR
training for novice residents and students, it was
found that VR training was superior in reducing
the learning curve. In addition, a comparison of
the learning curve was conducted among doctors
at varying experience levels — those with no expe-
rience, novice, intermediate, and expert doctors.
Different opinions emerged, with one study sug-
gesting that experienced doctors had more in-
tense learning, while the other two studies showed
that novice doctors had faster progress with grea-
ter motion economy (16). The last two studies re-
vealed the importance of age difference between
groups when it comes to learning new things and
emphasized the need for early introduction of VR
training. Overall, these findings indicate the sig-
nificance of VR training in enhancing learning out-
comes.

VR model. Several studies have shown that the
lack of simulation training outside the operating
room had many disadvantages in contrast to a
curriculum for surgeons before enter the opera-
ting room. Specifically, the trainer cannot direct
the trainee’s hand and correct possible problems
that may occur during the operation and secondly
the surgeon has to work in a third environment via
a second screen. Systematic reviews have agreed
the superiority of VR training compared to no
training at all, in terms of lower operative times,
fewer errors, higher scores in validated perfor-
mance scores and higher overall accuracy
(12,17, 18).

VR surgical skills course in colon. Laparo-
scopic surgery necessitates the use of specialized
tools such as laparoscopic scissors, electric hooks,
stapling devices, and graspers. In order to train for
the virtual reality curriculum, the same tools used
in real-time operations are required, in addition to
a laptop computer. This training program has two
stages. Firstly, trainees must handle a needle with
two laparoscopic instruments. It takes place in an
iconic environment presented in 3D. Specifically,
the trainee must use one instrument to grip the
needle and the other to lift a block without losing
control. The needle must be accurately placed in
a designated area, with the trainee minimizing
contact with adjacent organs to prevent damage
to the surrounding tissue. Each trainee performs
the task and the simulator evaluates their perfor-
mance and damage to the tissue, assigning a spe-
cific score. During the simulation, a needle is used
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instead of a pathological or alien structure of the
colon to provide a realistic experience for the
trainee. Additionally, the VR course aims to teach
trainees how to accurately handle laparoscopic
tools and use an electric hook to dissect small ves-
sels. Trainees are commonly asked to dissect the
cystic duct and cystic artery during a laparoscopic
cholecystectomy. The simulator calculates a score
for each trainee based on factors such as the
amount of vessel damage, time taken, and suc-
cessful outcome (14, 19).

Due to the above-described benefits, the use
of VR models in laparoscopic surgery is necessary
to train surgeons and undergraduate doctors. VR
technology has been shown to enhance surgical
skills and provide objective performance assess-
ments (19). This tool allows for realistic graphics,
repeated tasks to improve skills, and candidate
performance recording. Additionally, VR simula-
tors offer flexibility in terms of timing and difficulty
levels. With realistic haptic feedback, instant feed-
back is provided to correct mistakes (6, 20). Fur-
thermore, VR simulators establish proficien-
cy-based curricula that prepare surgeons for chal-
lenging tasks and increase their familiarity with the
high risks of real operations. There are two impor-
tant examples of this statement, a prototype VR
training in laparoscopic rectum surgery and a ran-
domized controlled trial (with novice, intermedi-
ate and experienced surgeons based on the num-
ber of laparoscopic colorectal resections they
have performed as a primary operation) with a
curriculum for LCS (performing a sigmoid colec-
tomy). They both showed a significant reduction
in the learning curve and in both curricula there
was not a problem with the haptic feedback pro-
vided by the VR model. All those concluded that
there would be an improvement in patient’s safe-
ty (14, 15).

VR models have a steep price tag, hindering
their widespread adoption. In the USA, a study
performed in 1999 showed that annual training
costs per resident were $11,995, highlighting a
major obstacle to VR simulators for trainees (12).
Conversely, some argue that traditional training is
similarly costly and that VR models have compa-
ratively low operational expenses (15). However,
VR training is often criticized for being an incom-
plete curriculum and failing to equip surgeons
with knowledge of anatomy and necessary deci-
sion-making skills (9).
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Virtual reality vs video trainer. Several studies
compared virtual reality to video training. Five
relevant studies totalized 152 participants, who
were all unexperienced in laparoscopic surgery,
except one study which included 50 novice sur-
geons. The outcome demonstrated that time was
the judged factor (7, 8). In another systematic re-
view, there was no big difference in the learning
curve between virtual reality and video trainer
and also no difference in terms of time and scores
(16).

Virtual reality vs box trainer. The earlier men-
tioned systematic review and meta-analysis also
investigated the disparities between virtual reality
training and box trainers. While both methods
demonstrated a similar learning curve, there were
divergent findings concerning other factors. One
study implied that individuals trained via box
trainers displayed superior performance during
real-life procedures, while other studies took into
account that VR training resulted in greater accu-
racy and efficiency. Furthermore, another syste-
matic review and meta-analysis, which consi-
dered crossover studies, found no significant
statistical difference between the two training
methods (21).

Training models in laparoscopic surgery. Multi-
ple investigations have demonstrated that cada-
veric and animal models were appropriate foun-
dations for VR training. One comprehensive
analysis discovered that cadaveric instruction was
more effective than VR training, leading to an en-
hancement of skills such as dissection, retraction,
suturing, bleeding control, hand-eye coordina-
tion, and reduced time to task completion. Thus,
incorporating cadaveric and animal training into
VR instruction is advisable. A separate examina-
tion focused on laparoscopic colorectal surgery
showed that the cadaveric model, especially
when utilizing a novel embalming technique for
maintaining tissue flexibility and plasticity as close
to normal as possible, was superior to both animal
and VR models. This conclusion was derived from
a survey of surgery residents who had prior VR
experience (22). Both models are highly realistic
and effective for training, offering increased skills
in dissection, controlling bleeding, and faster
completion times. However, each model has its
own unique advantages and disadvantages. Al-
though cadaveric models provide more accurate
dissection and hands-on experience with real
conditions and instruments, they lack acute perfu-
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sion. Conversely, animal training models offer bet-
ter availability, working conditions, and live com-
plications that allow for direct reactions, while
also being less expensive. Nevertheless, both
models face drawbacks such as low availability,
ethical concerns, and limitations. Cadavers have a
limited duration for use and anatomical varia-
tions, while animal models can spread zoonotic
infections and have differences between humans,
which restricts their use (6, 12). 4

CONCLUSIONS

he training for laparoscopic colorectal proce-

dures has been shown to enhance the techni-
cal proficiency of surgeons and ultimately result
in superior outcomes and maximum safety for
patients. Surgeons can benefit from multifaceted
technical abilities and haptic feedback during
simulations, which can be valuable for many
laparoscopic surgeries. Although VR models are
often presumed to be expensive, one study sug-
gests the opposite. Many studies highlight the
importance of the learning curve and how it can

be reduced through VR simulation. While cada-
veric training is considered more effective than
VR and animal models when it comes to enhan-
cing trainers' skills, animal models are more ac-
cessible to trainers. Therefore, it is recommend-
ed to incorporate curricula based on VR
knowledge acquisition, followed by cadaveric
and animal models, to optimize laparoscopic
training. Further research is necessary to prove
the direct advantages to patients, but the VR col-
ectomy module can serve as a reliable indicator
of performance in actual surgical situations. Ad-
ditionally, simulation training can enhance se-
veral crucial skills that are vital for surgical suc-
cess. U
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