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Abstract

Introduction: The main hindrances to laparoscopic surgical simulation are the cost and availability of laparoscopic
trainers in regional/rural hospitals. The aims of this study are to describe the development of an inexpensive home-
made (HM) laparoscopic trainer for the purpose of surgical training and to validate it by comparing with the
Fundamentals of Laparoscopic Surgery (FLS) trainer. Materials and methods: The HM laparoscopic trainer was
constructed with a Baxter cardboard box and some inexpensive materials. A high-definition C525 Logitech webcam
was mounted on the inside of the box and connected to a laptop. Participants (n = 30) who were postgraduate year
(PGY) 1-5 were prospectively randomized to perform three tasks (peg transfer, pattern cut and placement of a ligating
loop) on both the HM trainer and FLS trainer. A simple paired t test was performed to compare the times between the
trainers. Results: The home-made trainer was constructed in 30 min for approximately AUD$93.70 (laptop ownership
assumed), representing a significant cost saving. Results of the validation study demonstrated no statistical difference in
times to complete 1 of 3 tasks (P < 0.05). On a 10-point Likert scale, the HM trainer was given a median score of
between 8 and 9 for performance (video quality, lighting, simplicity of setup) and 9 for training capacity. Conclusion:
The home-made laparoscopic trainer can be constructed cheaply and easily. It is comparable with the FLS trainer and is

a viable alternative for trainees who wish to practise basic laparoscopic skills at home.
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Introduction

Laparoscopic surgery has become established as the first-line
approach for a large number of procedures in general sur-
gery and other surgical specialties. However, laparoscopic
skills are associated with a steep learning curve, because
they require a different set of skills, dexterity and hand-
eye coordination. Adding to the challenge is the work
hour restriction imposed on trainees and junior doctors,
resulting in less exposure and practice in laparoscopic sur-
gery, thereby hindering mastery of laparoscopic skills.

A solution to this problem is the use of laparoscopic box
trainers, which can help trainees develop their basic skills in
a safe environment before applying it in real patients in the
operating theatre; this practice, therefore, accelerates the
learning process." Studies have shown that the use of box
trainers leads to better acquisition of laparoscopic skills than
training without these adjuncts,” and even improves oper-
ating theatre performance.* However, many such
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laparoscopic trainers are expensive and may not be readily
accessible to surgical trainees or junior doctors, especially in
rural/regional hospitals.

In this study, we aim to present a step-by-step guide for the
easy construction of an inexpensive home-made (HM)
laparoscopic trainer for the purpose of surgical training.
To ensure the HM trainer is effective when used, we con-
ducted a validation study comparing the HM trainer with
the Fundamentals of Laparoscopic Surgery (FLS) trainer.
The FLS trainer is the box trainer currently used in the
FLS course, an extensively validated simulation-based edu-
cational curriculum sponsored by the Society of American
Gastrointestinal and Endoscopic Surgeons and the
American College of Surgeons.”

Materials and methods
The steps involved in the construction of the HM laparo-

scopic trainer (Fig. 1) are outlined here. The final product is

This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License.
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Figure 1. Steps in building a home-made laparoscopic trainer.

shown in Fig. 2. A cost breakdown of the materials used for
construction is presented in Table 1.

(1) The two lateral sides and front side of the Baxter (6) box (easily
obtainable from any hospital; http://www.baxterhealthcare.com.au)
are cut. The exact dimensions do not matter as long as they allow
objects to be moved in and out

(2) A white tile is fixed to the base of the box using Super Glue
(3) A strip of Velcro is glued on the tile

(4) Four pieces of elastic band, each tied to a clip, are attached to four
corners of the box

(5) A row of light emitting diode (LED) ribbon strip, 25 cm in length, is
glued on the inside of the roof of the box

(6) Two holes 12 cm apart are made on the box to allow insertion of
laparoscopic instruments (ports are not needed)

(7) A rectangular-shaped hole is cut in the user-facing side of the box to
allow mounting of a high-definition C525 Logitech webcam. This hole
should be placed as superior and central as possible

A prospective validation study was performed comparing
the HM trainer and FLS trainer. We recruited 30 doctors
from Nambour Hospital to participate in the validation
study. To be eligible for the study, the participants had to
be in postgraduate year (PGY) 1-5, currently working in a
surgical specialty (general surgery, urology, vascular, ear
nose throat surgery, and  gynaecology).
Participants (n = 30) were required to fill in a pre-test
questionnaire before the study to establish their eligibility.
Consents were obtained at the same time. The participants
were asked to perform the three standardized laparoscopic
FLS module tasks: peg transfer, pattern cut and insertion of
an endo-loop. They were required to watch a detailed
instructional video that explained and demonstrated the
steps of each task before the test day. On the test day,
they were randomized to begin with either the FLS trainer
or the HM trainer. Each participant had to perform each
task once in sequential order on the assigned trainer. After
the completion of three tasks, the participants crossed over
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Figure 2. Home-made trainer: the final product.

to perform the same three tasks on the other trainer.
Performance was scored by the time required to complete
each task.At the end of the task, participants had to fill in a
feedback form on the HM trainer. For post-test feedback,
we asked the participants to rate the HM trainer according
to performance and training capacity, with a score from 1 to
10. For performance, the participants had to rate the trainer
for its video quality, lighting, simplicity of setup and overall
rating. For training capacity, we asked the participants if the
trainer could help develop hand-eye coordination, or
develop and maintain laparoscopic skills.

Statistical ~analysis was performed using Stata 12
(StataCorpLP., College Station, TX, USA). The paired t
test was used to compare the mean times to complete
each task on each trainer. P values < 0.05 were considered
to be significant.

Table 1. Materials required to build home-made laparoscopic
trainer

Items Source Cost’

Logitech C525 HD webcam Umart online, ebay or any  $56

electronic store

LED ribbon light strip 25 cm  Jaycar $27.4
Metal clips Lincraft $2.80
Elastic band (1 m) Lincraft $1.00
Super Glue Lincraft $3.50
White tile Bunning’s Warehouse $1.00
Velcro Lincraft $2.00
Baxter box Hospital Free
Laparoscopic instruments Covidien (donation) Free
Laptop Own Free
Total $93.70

* Cost in AUD October 2017.

Ethics approval was obtained from The Prince Charles
Hospital Human Research Ethics Committee (HREC/15/
QPCH/48).

Results

Construction of the home-made laparoscopic trainer
The HM trainer was constructed in 30 min using the mate-
rials shown in Table 1. The total cost was AUD$93.70 in
October 2019 (laptop ownership assumed). The laparoscopic
scissors and graspers were disposable instruments accessible
to any trainee. The design of the final product is simple,
elegant and similar to the FLS trainer. The dimensions of
our HM trainer were 35.5 cm (length) x 27.1 cm (width)
x 21.3 cm (height) compared with the FLS trainer, which
measures 48.3 cm (length) x 37.5 cm (width) x 20.3 cm
(height). The distance between the two working ports is the
same in the HM and FLS trainers at 12 cm apart. Thus, the
amount of working space in both trainers is similar.

Validation study

A total of 30 doctors participated in the validation study.
For peg transfer, the participants were significantly faster
when completing the task using the FLS trainer (148.8 s;
range, 89.5-214.8 s) than the HM trainer (195.8 s; range,
110.0-354.6 s) (P = 0.0001). The time difference was 47 s.
For pattern cut, the participants were significantly faster in
completing the task using the HM trainer (176.5 s; range,
91.5-338.0 s) than the FLS trainer (202.3 s; range, 104.7-323
s) (P = 0.039). The time difference was 25.8 s. There was no
significant difference in the average time to complete endo-
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Range (s) SEM P
value

110-354.6 12.79 0.0001

89.5-214.8 9.47

91.5-338 12.24 0.039

104.7-323 10.57

28.2-178.6 6.39 0.791

46-167.6 6.64

Table 2. Mean times to complete each task with the home-made trainer versus the FLS trainer
Number Mean (s)
Peg transfer
HM trainer 30 195.8
FLS trainer 30 148.8
Pattern cut
HM trainer 30 176.5
FLS trainer 30 202.3
Endo-loop insertion
HM trainer 30 99.8
FLS trainer 30 101.8
Bold indicates a statistically significant difference.
HM, home-made; FLS, Fundamentals of Laparoscopic Surgery; SEM, standard error of the mean.

loop insertion between the HM trainer (99.8 s; range, 28.2-
178.6 s) and the FLS trainer (101.8 s; range, 46-167.6 s) (P
= 0.791) (Table 2). The time difference was 2 s.

In general, we received good feedback on the HM trainer.
For performance, the participants gave a median score of 8
for video quality and overall rating, and 9 for lighting and
simplicity of setup. For training capacity, they gave a
median score of 9 for hand-eye coordination, developing
laparoscopic skills and maintaining laparoscopic skills. The
median score for each parameter is presented in Table 3.

We also asked the participants if they would use the HM
trainer if it were provided for them, and if they would
consider making their own HM trainer to help with their
surgical training. Twenty eight of 30 (93.3%) participants
stated they would use it and 26 of 30 (86.7%) stated they
would make their own HM trainer. Overall, the feedback
was very positive and participants considered the HM trai-
ner a creative and economical alternative, with training
capacity comparable to that of the FLS trainer.

Discussion

Surgical simulation is an effective teaching tool and is often
the first step in a surgical trainee’s education in laparoscopic
procedures. It enables trainees to learn and practise laparo-
scopic skills without having to rely entirely on operative
opportunities, and provides a consistent environment for
basic skill training.® Such repetitive, goal-directed practice
of psychomotor skills may allow some of the skills to
become automated, thereby allowing trainees to shift their
attention from the required manual skill to focus on the
cognitive aspects of the tasks.”

Table 3. Performance and training capacity of the home-made
trainer: participant feedback scores
Median
score
Performance
Video quality 8
Lighting 9
Simplicity of setup 9
Overall 8
Training capacity
Hand-eye coordination 9
Developing laparoscopic skills 9
Maintaining laparoscopic skills 9

There are many commercial box trainer products available
on the market.>” However, the cost and availability of box
trainers are often the prohibitive factors in their wide adop-
tion in training. By constructing an inexpensive HM trainer,
we have addressed these two barriers. The cost comparison
of the HM with the FLS trainer demonstrated a significant
difference of AUD $93.70 versus AUD $2300 (US$1536).
The conversion rate at the time of writing was 1:1.5
(US:AUD).

Many HM trainers have been described in the literature
with a wide variation in designs, sizes and capabilities.
These include the use of common household materials
(shoe box, plastic box, mirrors) 10713
sumer technology (iPhone, tablets as camera)
low-cost training devices. The main disadvantages of some
of these trainers are that some are large and cumbersome
and use old materials that are no longer available nowadays,

whereas others can be difficult to construct especially for

or widely used con-
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Figure 3. Diagrammatic representation of the camera position in the FLS and home-made trainer.

HM trainer

people with no background in engineering and construc-
tion. The main advantages of our HM trainer are that it
is minimalistic in its design, utilizes common materials,
requires minimal engineering skills and yet retains the
most fundamental features of a laparoscopic apparatus. As
with all box trainers, the in vivo intra-abdominal experience
is impossible to replicate with high fidelity in our opinion.
However, given that the main aim of a box trainer is not to
perform complex manoeuvres but to acquire basic laparo-
scopic skills, e.g. cutting, transferring and suturing, these
limitations are acceptable.

Most home-made trainers in the literature have not been
validated. Two studies'™'* validated their trainers by com-
paring the times to perform certain tasks against the com-
mercially available trainers; hence we have adopted the same
method of validating our trainer. In the validation compo-
nent of this study, participants performed peg transfer sig-
nificantly faster using the FLS trainer. One explanation is
that the camera in the FLS trainer is fixed on the roof,
giving a more acute angle, whereas the camera on HM
trainer was fixed on the back wall, giving a less acute
angle (Fig. 3). This allows easier performance or visualiza-
tion of peg transfer in the FLS trainer, a task that requires
more vertical movement than horizontal movement.
Conversely, participants performed the pattern cut signifi-
cantly faster using the HM trainer than the FLS trainer,
likely for the same reason, because pattern cut requires
more horizontal movement than vertical movement. These
differences in time, in our opinion, are not clinically

relevant.

The HM trainer was well received by most participants, and
feedback was positive. Despite its low cost, the HM trainer’s
performance (lighting, video quality, simplicity of setup) is

acceptable and so is its training capacity, in that it provides
a realistic platform for training in laparoscopic skills com-
parable with the FLS trainer. Many trainees would consider
making their own and using it. Having an HM trainer
allows trainees to practise in their own time and space,
and this could expedite their learning and mastery of
basic laparoscopic skills. We would add that many inexpen-
sive and creative laparoscopic tasks could be designed to aid
skills training. For instance, a tissue handling skill can be
developed by transferring matches from one plate to
another or by peeling fibres off an orange; depth perception
and hand-eye coordination can be improved by running
thread through holes of different sizes placed at different
levels and angles.'’

This study had some limitations. First, the numbers used
in the validation study are small. Second, despite our
expectation of no statistically significant difference in
results in the tasks between FLS and HM trainers, due
to the aforementioned difference in design, certain tasks
were easier on one or the other trainer. We feel that this
should not affect laparoscopic training, because even in
practice, many intra-operative factors are variable, e.g.
assistants who hold the laparoscope, types of laparoscope,
monitor and quality of image, etc. One must learn to deal
with the limitation or challenge presented in every
situation.

Conclusion

The HM laparoscopic trainer can be constructed cheaply
and easily. It is comparable with the FLS trainer and is a
viable alternative for trainees who wish to practise basic
laparoscopic skills at home.
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