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Evaluation and usability study of low-cost
laparoscopic box trainer “Lap-Pack”: a 2-stage
multicenter cohort study
Manish Chauhan, PhDa,*, Riya Sawhney, MBChBb, Carolina F. Da Silva, MBChBb, Noel Aruparayil, MDc,
Jesudian Gnanaraj, MS, MChd, Sukumar Maiti, MS, MChe, Anurag Mishra, MSf, Aaron Quyn, MBCHB, PhDc,
William Bolton, MBChBc, Joshua Burke, MBCHB, MRCSc, David Jayne, MDc, Pietro Valdastri, PhDa

Introduction: Laparoscopic training is restricted in low resource settings due to limited access to specialist training equipment and

financial constraints. This study aimed to evaluate simulation skills and usability of an original low-cost laparoscopic trainer, the “Lap-

Pack,” developed at the University of Leeds, UK.

Methods: Stage I evaluation was conducted in Kolkata (India) between March, 12 and 14, 2019. Laparoscopic simulation training

was based on the 5 domains of fundamentals of laparoscopic surgery (FLS), which assessed skill acquisition across 7 rural surgeons

fromNorth-East India. TheMcGill Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS) criteria was used to

statistically analyze trainee performance between pretraining and posttraining sessions. Also, Lap-Pack was qualitatively compared

with a commercial box trainer, Inovus Pyxus HD (IPHD). Stage II involved a multi-center usability study in 2 centers of India and the

United Kingdom (2019). Seventy-eight participants performed 2 FLS tasks using Lap-Pack and provided scores on a 25-point

questionnaire, including a preestablished Face-Validity Criteria and 4 evaluation categories—Usability, Camera, View, and, Material.

Results: In stage I, the total posttraining MISTELS score for Lap-Pack was higher, that is 773.37 (SD: 183.67) than pretraining

score, that is 351.2 (SD: 471.5). The posttraining scores showed laparoscopic skill acquisition with statistically significant (P<0.05)

difference for precision cutting, intracorporeal and extracorporeal knot. In stage II, Lap-Pack scored highly in Face-Validity with a

combinedmean score of 4.81 [95% confidence interval (CI): 4.52–5.09, P< 0.05] out of a possible 6. It scored highest (scale: 1= low

to 7= high) in Usability 6.14 (95%CI: 6.05–6.22, P< 0.05) and Camera 6.14 (95%CI: 6.01–6.27, P<0.05). The “Lightweight” (6.46,

95% CI: 6.32–6.60, P< 0.05) and “Portability” (6.35, 95% CI: 6.18–6.51, P<0.05) features of Lap-Pack were appreciated.

Conclusion: The Lap-Pack is a suitable low fidelity simulator for laparoscopic training in a low-resource setting.

Key Words: Laparoscopic box trainer, Simulation, Assessment, Endo-trainer

Highlights

• Lap-Pack is a low-fidelity, low-cost, laparoscopic trainer for
surgical training.

• Multi-center skill acquisition and usability evaluation done
with 85 participants.

• The statistical evaluation shows higher McGill Inanimate
System for Training and Evaluation of Laparoscopic Skills
(MISTELS) scores for the posttraining session.

• Lap-Pack improves skill acquisition and improvement in
trainee performance.

Introduction

The Lancet Commission on Global Surgery estimates that
around 5 billion people globally do not have timely access to
affordable surgical care[1,2]. The provision of surgical care in
rural settings is particularly disadvantaged with few trained
surgeons, limited resources, financial and time pressures, and
long distances to access health care facilities. Surgery to save
lives or prevent disability is inaccessible for many single-income
households in low and middle-income countries (LMICs)[3–5]. It
is estimated that 143 million additional surgical procedures are
needed each year to address the clinical need in LMICs, of which
around 18 million might be suitable for a laparoscopic
approach[6].
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In contrast, laparoscopic surgery has been widely adopted in
high-income countries (HIC) with documented benefits in reducing

postoperative pain and complications, shortening hospital stay, and

increasing efficiency and economics for health care providers[2].

Laparoscopic surgery is feasible in LMICs with various training

programs having used cadaveric or animal models[7,8], training

workshops[9–12], didactic lectures[13], and tele-monitored progra-

ms[14]. But, most of these programs are not accredited[15] and

laparoscopic training is often unstructured and opportunistic,

requiring self-motivated learning andmaintenance of skills[16]. Low-

fidelity box trainers are potentially effective in addressing financial

constraints in laparoscopic training, facilitating its wider adoption

with a minimal surgical care gap in LMICs[17].
Commercially available laparoscopic trainers cost between £60

and £1007, excluding monitors and instruments, which is often

prohibitive in LMICs[18]. This has driven the development of low

cost, noncommercial trainers costing between £3 and £216, which

self-assemble, and use off the shelf components and disposable

instruments[19–24]. Recently, various noncommercial laparoscopic

trainers[19–24] have been developed with smart device visualization

(mobile phones, tablets, or laptops). Around 55% of non-

commercial and 92% commercial trainers are estimated to go

through the evaluation process[24]. However, many of these systems

are not subject to rigorous evaluation[25,26], and their utility and

performance are questionable without quality control[8].

One such low-cost, low-fidelity trainer was developed by
Storm Lab at the School of Electronics and Electrical Engineering

at the University of Leeds, in conjunction with the NIHR Global

Health Research Group in Surgical Technologies (NIHRGHRG-

ST) at St James’ University Hospital. This study aims to evaluate

this low-cost laparoscopic trainer, “Lap-Pack,” through a 2-stage

approach: (I) a structured training program in a low resource

environment (Kolkata Medical College, India) to test laparo-

scopic skills acquisition, utility and acceptability[27], and (II) an

international, multi-center usability study in Maulana Azad

Medical College (MAMC, India), Association of Rural Surgeons

of India[28] conference (ARSICON, Bagalkot, India) and St.

James University Hospital (SJUH), Leeds, UK.

Materials and methods

Stage I evaluation involved skill transfer assessment of 7 rural

surgeons of North East India (Assam, Nagaland, Manipur, and

Arunachal Pradesh) under a structured training program

(TARGET) developed by the NIHR GHRG-ST[29] and based on

fundamentals of laparoscopic surgery (FLS) principles[30]. All

trainees were qualified and experienced (“SDC Table 1,”

Supplemental Digital Content 1, http://links.lww.com/IJSGH/A10)

doctors practising in rural hospitals and performing open surgical

procedures. The training program was conducted at the Kolkata

Figure 1. Design features of Lap-Pack; (A) version 1 and version 2. B, Design features of Inovus box trainer. C, Consumable task for laparoscopic training.
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Medical College fromMarch 12 to 14, 2019, where Lap-Pack was
provided along with a commercial box-trainer, i.e. Inovus Pyxus
HD (IPHD)[27] for conducting a qualitative comparison. Figure 1A
(version 1) shows the features of Lap-Pack: a lightweight design
built from corrugated plastic. The collapsible feature makes it easy
to disassemble as a flat-pack into a portable system. The visuali-
zation was provided through an endoscopic camera (ie, Pancellent
LLC, USB endoscope camera introduced via camera port), which
had an integrated light suitable for illuminating andmonitoring the
operative field. This camera can slide back-forth, rotate, twist in an
angular direction and be fixed in the desired position. It is com-
patible with tablet, phone, and computer screens through its USB
interface and operable with free android applications, such as
“USB Camera” (by ShenYao China) or “Camera Fi” (by Vault
Micro, Korea.). The camera had a narrow field of view of 66
degrees with a resolution of 640×480p and a focal distance
between 4 cm—infinity. Figure 1B shows the design of IPHD[27],
which has a portable plexiglass structure, an internal cavity illu-
minated through an LED light source. A 1080pHDcamera is fixed
on the inner surface of the box and is compatiblewithMac and PC.
The user interface comprises 2 predefined port sites on an elastic
wall fixed to the surface.

The trainees were assessed for their laparoscopic knowledge
through a precourse assessment and online didactic lectures,
including (i) preoperative considerations, (ii) intraoperative con-
siderations, (iii) basic laparoscopic procedures, (iv) postoperative
care and complications, and (v) manual skills training (with per-
mission from FLS[31,32]). The manual skills training provided
information about setting up both the training boxes and instruc-
tions on 5 skill domains; (i) peg transfer, (ii) ligating loop, (iii) pre-
cision cutting, (iv) suturewith an extracorporeal knot, and (v) suture
with intracorporeal knot (Fig. 1C). Trainee skill acquisition was
assessed through practical sessions, which included a pretraining
and posttraining assessment. During the pretraining assessment, the
initial laparoscopic skills of the trainees were assessed using the FLS
manual skill completion criteria[31,32] and MISTELS proficiency
score[32]. All trainees were required to undertake a series of FLS
laparoscopic exercises on both Lap-Pack and IPHD. Thereafter,
individual training from the faculty was provided to the trainees to
improve trainees’ skills and performance. In the posttraining session,
the trainees were asked to reperform each of the FLS tasks on Lap-
Pack and IPHD. For each task performed, the trainee was scored by
2 experienced laparoscopic surgeons (assessors) using theMISTELS
proficiency criteria.

Trainees were later asked to scores on the structure, task view,
camera and task-specific skills of Lap-Pack, and IPHD on a
7-point Likert scale (“SDC, Table 2,” Supplemental Digital
Content 2, http://links.lww.com/IJSGH/A11), with “7” indicat-
ing strong approval and “1” indicating strong disapproval. The
qualitative nature of this comparative feedback (discussed later)
was then used to build an improved version of Lap-Pack, (Fig. 1A,
version 2). The design material remained the same corrugated
plastic, allowing dispersed ambient brightness to act as the light
source for the box. Additions included an elastic abdominal wall
moulded from silicone (Dragon Skin 30, Smooth-On Inc., USA)
for simulated placement of laparoscopic ports, a stronger rein-
forced structure, and a 1080P webcam USB wide angle 2.1 mm
lens (CMOS AR0330 Mini H.264 camera).

Stage II usability evaluationwas conductedwith the redesigned
Lap-Pack in multiple centers, 1 rural health care center (Bagalkot,
at ARSICON[28], India, November 2019) and 2 urban teaching

hospitals in India (MAMC, Delhi, August 2019), and a teaching
hospital in the United Kingdom (SJUH, Leeds, September 2019).
This study involved 78 participants comprising of 27 senior
surgeons, 29 junior trainees and 22 medical students.

Participants were specifically required to complete 2 laparoscopic
training tasks, peg transfer and precision cutting[6,33,34], to provide a
standardized experience with the equipment; their proficiency in
performing the skills was not assessed. They were then asked to
evaluate Lap-Pack in a 25-point questionnaire, comprising of a
previously described[35]Face-ValidityCriteria score (“SDCTable 2,”
Supplemental Digital Content 2, http://links.lww.com/IJSGH/A11),
a sum of the criteria listed under “A” and “B,” (scale 1, low to 6,
high)[18]. This was followed by 4 major evaluation categories—
Usability, Camera, View, and Material (“SDC Table 3,”
Supplemental Digital Content 3, http://links.lww.com/IJSGH/A12
refined from “SDCTable 2,” Supplemental Digital Content 2, http://
links.lww.com/IJSGH/A11)—wherein participants ranked sub-
criteria in each category on a 7-point Likert scale. All studies were
conducted in compliance with the STROCSS criteria[36] and was
registered with unique identification number “6938”[37].

Results

Stage I

Trainee 4 completed the highest number of FLS tasks in both
pretraining and posttraining sessions (most experienced—“SDC
Table 1,” Supplemental Digital Content 1, http://links.lww.com/
IJSGH/A10). Hence, his scores were chosen to normalize the
results of other trainees, by dividing the total score of all trainees
(for a particular task) by the score achieved by trainee 4 (in the
pretraining and posttraining session) and multiplying that num-
ber by 100. Table 1a shows the normalized MISTEL scores for
Lap-Pack. The overall total score (along with mean, SD, and
P-value) was calculated by adding the individual trainee score for
all 5 tasks. Total scores are compared for Lap-Pack in (Table 1 b).
The pretraining and posttraining assessment of normalized
MISTELS scores (individual/overall) for each of the 5 FLS tasks
on Lap-Pack are shown in Figures 2A–F, respectively.

Statistically significant increased MISTELS scores were
observed for all trainees for precision cutting, intracorporeal and
extracorporeal knot-tying (Fig. 2B, D, E) in comparison to the
pretraining session (Table 1a). Some trainees showed reduction in
performance scores for ligating loop and peg transfer (Figs. 2A, C).
The total normalized MISTELS scores (Fig. 2F) for all trainees
increased in the posttraining session (except trainee 8). It can be
observed in (Table 1b) that themean scores for Lap-Pack increased
in the posttraining session (773.37, SD: 183.67) in comparison to
the pretraining session (351.20, SD: 471.55), although thiswas not
statistically significant (P=0.15).

Table 2 shows the mean scores obtained from trainees using
the questionnaire to compare the features of IPHD and Lap-Pack.
Structural durability and usability: IPHD scored higher for the
material used to construct the trainer (plexiglass vs. corrugated
plastic), but Lap-Pack scored higher for the ease of assembly and
portability. Task view and Camera: Lap-Pack scored lower for
the easy view of the task as a function of ambient light, back-
ground color, angle of view, image quality, and depth perception
etc., which was attributed to the superior quality of the IPHD
camera. Task-specific skills: the scores for both box trainers were
relatively similar for all the 5 FLS tasks and task-specific skills.

Chauhan et al. International Journal of Surgery: Global Health (2021) 4:e59 www.ijsglobalhealth.com
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The overall mean scores for IPHD and Lap-Pack were 5.42 (SD:

0.37) and 4.56 (SD: 0.71), respectively. This user feedback was

considered to create version 2 of the Lap-Pack (Fig. 1A), which

was further evaluated in stage II.

Stage II

Findings across India and the UK cohorts were similar through-

out, suggesting the universal application of Lap-Pack as a training

tool across economic settings.

Table 1

Normalized MISTEL scores for pretraining and posttraining, by trainee.

Lap-Pack pretraining Lap-Pack posttraining

Trainee code Peg Circle Loop Extra Intra Peg Circle Loop Extra Intra

(a) For each FLS task on Lap-Pack

1 1516.6 141 0 0 0 105.4 198.6 63.80 148.5 331.0

2 0 89.84 0 0 0 88.35 210.8 79.04 1.734 347.5

4* 100 0 100 0 0 100 100 100 100 100

5 250 31 76.36 0 0 121.9 243.2 114.2 152.0 464.0

6 0 59.84 125.45 0 28 91.78 177.0 69.52 157.8 361.1

7 0 120 0 0 0 45.20 122.9 81.90 117.3 202.9

8 1333.3 44.602 100 0 0 39.04 134.5 78.09 157.8 405.8

Mean 457.14 69.46 57.40 0 4.00 84.54 169.6 83.80 119.3 316.0

SD 619.64 46.44 51.415 0 9.79 28.68 48.20 16.27 52.22 115.0

P 0.408 0.011 0.416 0.005 0.002

Pretraining Posttraining

(b) For total scores on Lap-Pack

1 0 847.5

2 89.84 727.5

4* 200 500

3 357.36 1095

4 213.29 857.3

5 120 570.3

6 1477.9 815.3

Mean 351.2 773.3

SD 471.5 183.6

P 0.159

Score “0” implied that the trainee could not complete the task and exceeded the time limit.

Trainee 3 was unable to attend.

*Trainee 4’s raw scores were used to normalize the scores since he was the trainee who had performed the most laparoscopic procedures. The scores to normalize were for pre; Pegs= 58, Circle= 98,

Loop= 73, Extra Knot= 0, Intra knot= 200, then for post; Pegs= 130, Circle= 146, Loop= 109, Extra knot= 195, Intra knot= 390.

Figure 2.Pretraining and posttrainingMISTELS score comparison for individual FLS task on Lap-Pack; (A) Peg transfer, (B) precision cutting-circle, (C) ligating loop,

(D) extracorporeal knot, (E) intracorporeal knot, (F) total normalized scores.

Chauhan et al. International Journal of Surgery: Global Health (2021) 4:e59 International Journal of Surgery: Global Health
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Quantitative Face validity scores for urban settings in India
(MAMC) and United Kingdom (SJUH) were observed to be the
samewith a score of 4.63 (Table 3), while the same criterion scored
higher (5.39) in a rural setting (ARSICON). Regarding the 4 eva-
luation categories, Usability and Camera were consistently the
highest-scoring categories across all cohorts and sub-groups, with
combined mean scores of 6.13 [95% confidence interval (CI):
6.05–6.22, P<0.05) and 6.14 (95% CI: 6.01–6.27, P<0.05) out
of a possible 7, respectively. In addition, Lap-Pack’s lightweight,
mobility, quality of image, and color of image features were among
the highest scoring subcriteria within these categories in all cohorts
(“SDCTable 4,” Supplemental Digital Content 4, http://links.lww.
com/IJSGH/A13). Views scored slightly lower than the other
categories with a combined mean score of 5.60 (95% CI:
5.49–5.71, P<0.05), primarily due to difficulty attaining a good
view for task completion and “background color contrast.”
Materials scored the lowest with a combined mean score of 5.21
(95% CI: 5.00–5.42, P<0.05). Overall, the lightweight (6.46,
95% CI: 6.32–6.60, P<0.05) and portability (6.35, 95% CI:
6.18–6.51, P<0.05) of Lap-Pack were highly appreciated.

Discussion

Laparoscopic surgery requires surgical task-specific eye-hand coor-
dination skills, which involve managing long instruments tremors,

3-dimensional depth perception, instrument targeting along fulcrum
effect[38,39]. Such skills acquisition turn out to be expensive in “see
one, do one, teach one” apprenticeship model[40] or animal training
due to limited availability, ethical issues, etc. In LMICs, surgical
trainees have limited options outside of participating in expensive
courses with minimal chances of regular hospital practice. The
unstructured and opportunistic nature of such training
programs[15,16] has created an unmet need for low-fidelity, cheap box
trainers. Various studies confirm skill acquisition on low-cost box
trainers but lack rigorous validation[41,42] through a standardized
evaluation process[22,43–46], such as MISTELS. Some studies use the
FLS tasks for evaluation but are limited by a small number of parti-
cipants comprising of medical students[47,48], or resident
surgeons[6,49]. According to a survey[50], the introduction of novel
simulation and continuingmedical education can address the barriers
to the adoption of laparoscopic surgery. This study addresses the
abovewith limitationswithmulti-center skill acquisition andusability
evaluation, with 85 participants (stage I and II combined), in LMIC
and HIC settings, through the FLS authorized training program.

This study was not without its limitations. For example,
“Views” scored slightly lower than the other categories, primarily
due to difficulty attaining a wide-angle view and “background
color contrast.” This arises from one of the general limitations of
low-cost trainers in missing the ability to zoom in and focus on
tasks with ease as would be routinely done in the operating room.
While there is potential to add this feature to the device, this
would have to be carefully balanced with manufacturing costs in
order to ensure the trainer continues to be affordable for LMICs.
Alternatively, background color contrast can be easily improved
by changing the background color of the fixation plates used
for tasks.

The low score for “Materials” is explained by participant
testimonials that they could not confidently answer some of the
questions given the short amount of time they had to utilize the
Lap-Pack. For instance, without being able to test it first-hand,
participants questioned the durability of Lap-Pack’s corrugated
plastic and its waterproof capability. One potential way of
improving trainees’ assessment would be to study Lap-Pack’s
usability as a personally affordable at-home device—a role many
participants suggested. This would allow participants ample time
to self-assemble, utilize, and test Lap-Pack’s material thoroughly.

This study has shown that Lap-Pack is a promising laparoscopic
box trainer that allows skill acquisition and performance improve-
ment. Acquiring surgical skills[17,21] has been shown to be is a
function of perceptual awareness, comprehension, speed, efficiency,
and precision. This can improve with increased repetition on box
trainers. Lap-Pack has potential to be employed as a home or office-
based low-cost box trainer which allows its users to update self-
paced skill improvement over a prolonged duration.

Where cost is concerned, self-assembly trainers require sourcing of
construction material for abdominal wall simulation, laparoscopic
ports, light-source, camera, and visualization screen[18]. The unique-
ness of the Lap-Pack system is that it incorporates an adjustable
camera, an in-built abdominal wall for port placement, and smart
device enabled visualization, all ofwhich can be easily sourced even in
LMIC settings. The lab prototyping cost of Lap-Pack was £100 and
£130 for versions 1 and 2, respectively, which included the structural
material, endoscopic camera, abdominalwallwith laparoscopic ports
and manufacturing cost. For both the studies, the Lap-Pack with
consumables (peg transfer board, circular gauge, ligating loop, pen
rose drain) and instruments (Needle holder, Maryland grasper, knot

Table 2

Comparison of mean usability scores for Lap-Pack and Inovus

Pyxus HD.

Inovus (mean score) Lap-pack (mean score)

Structure and usability

Durable 6.1 4.1

Waterproof 5.9 4.8

Ease of assembly/disassembly 5.2 5.8

Portability 5 6

Lightweight 4.9 6.2

Task view and camera

Easy task view 5.6 4.1

Tasks in visual field 5.7 4.4

Isolated from ambient light 5 4.4

Background color/contrast 5.3 3.9

Angular view of the task 5.5 3.8

Image quality 5.7 4.1

No shadow 4.9 4.1

Image color 5.8 4.2

Constant/nonshaky view 5.7 4.3

Replicable view of actual field 5 3.6

Task-specific skills

Peg transfer 5.8 4.9

Precision cutting 5.8 5

Ligating loop 6 5.1

Extracorporeal knot tying 5.5 4.1

Intracorporeal knot tying 5 4

Task completion probability 5.8 5.1

Speed and efficiency 5.5 4.3

Precision and accuracy 5.4 4.2

Depth perception 5.2 3.6

Appropriate port sites location 5 4.8

Angle of task 5 4.6

Mean 5.42 4.56

SD 0.37 0.71

The above scores are mean values of scores obtained for each category (on a 7-point Likert scale).
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pusher) were provided at no cost to participants through NIHR
Global Surgery funding. These instruments and consumables would
have an added cost of £110. Thus, the overall cost of using the Lap-
Pack (version 1 and2) in a training coursewas £210 and£285,which
was still cheaper than the IPHD (£460).

Future work will involve manufacturing the Lap-Pack in
LMICs to make it available to surgical trainees in country: it is
now being considered for commercialization via a local manu-
facturer in India[51]. Another way of widening access to a larger
number of trainees is providing them with the capability of
building the Lap-Pack via do-it-yourself instructions (with the
provision of low-cost, elemental building blocks). A digital plat-
form or web application-based feedback system is planned for
monitoring trainee skill acquisition. These steps would help to
improvement in the design features of Lap-Pack and make it
accessible to a larger number of surgical trainees.
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Table 3

Face validity, evaluation categories, and subcategory criteria scoring across various cohort studies.

Senior

surgeons

Junior

trainees

Medical

students

Rural setting Urban setting Mean experience (y)

Category Subcategory ARSICON MAMC SJUH

India

combined

All

combined 3 2.10 1.43

Face-Validity Criteria (max. 6) 5.39 4.63 4.63 4.90 4.81 4.62 4.90 4.91

Usability Ease of assembly

Ease of disassemble

Portability

Mean 6.25 6.05 6.17 6.12 6.13 6.21 5.97 6.27

95% CI with

P< 0.05

6.08–6.42 5.91–6.18 6.04–6.30 6.01–6.22 6.05–6.22 6.07–6.34 5.85–6.10 6.11–6.43

Strongly agree or agree 86% 74% 85% 79% 81% 83% 77% 84%

Camera Quality of image

No shadows

Mean 6.27 6.19 5.99 6.22 6.14 6.05 6.17 6.21

95% CI with

P< 0.05

6.10–6.45 6.00–6.38 5.73–6.24 6.08–6.36 6.01–6.27 5.81–6.29 5.99–6.36 5.98–6.45

Strongly agree or agree 89% 82% 81% 84% 83% 84% 78% 89%

Views Ease of task view

Adequate visual field

breadth

Ambient light isolation

Adequate background

color/contrast

Mean 5.88 5.39 5.67 5.56 5.60 5.63 5.56 5.60

95% CI with

P< 0.05

5.71–6.05 5.21–5.57 5.48–5.86 5.43–5.69 5.49–5.71 5.47–5.80 5.38–5.75 5.38–5.83

Strongly agree or agree 75% 58% 70% 64% 66% 66% 63% 69%

Material Durability Mean 5.75 5.18 4.89 5.38 5.21 5.44 5.12 5.05

95% CI with

P< 0.05

5.46–6.04 4.86–5.50 4.51–5.27 5.15–5.62 5.01–5.42 5.11–5.78 4.82–5.43 4.60–5.49

Strongly agree or agree 75% 47% 37% 57% 51% 53% 49% 48%

CI indicates confidence interval.

Chauhan et al. International Journal of Surgery: Global Health (2021) 4:e59 International Journal of Surgery: Global Health

6



References

[1] Raykar N, Mukhopadhyay S, Saluja S, et al. Implementation of the Lancet
Commission on global surgery in India. Healthc (Amst) 2019;7:4–6.

[2] Meara JG, Greenberg SL. The Lancet Commission on Global Surgery
Global surgery 2030: evidence and solutions for achieving health, welfare
and economic development. Surgery 2015;157:834–5.

[3] Alkire BC, Raykar NP, ShrimeMG, et al. Global access to surgical care: a
modelling study. Lancet Glob Health 2015;3:e316–23.

[4] Campbell J, Buchan J, Cometto G, et al. Human resources for health and
universal health coverage: fostering equity and effective coverage. Bull
World Health Organ 2013;91:853–63.

[5] World Health Organization. Transformative scale up of health profes-
sional education: an effort to increase the numbers of health professionals
and to strengthen their impact on population health. Geneva, Switzerland:
World Health Organization; 2011.

[6] Derossis AM, Fried GM, Sigman HH, et al. Development of a model for
training and evaluation of laparoscopic skills. Am J Surg 1998;175:482–7.

[7] Gnanaraj J, Jamir S. Surgical services initiative: taking modern surgery to
the poor. CHRISMED J Health Res 2014;1:194–7.

[8] SocietyofAmericanGastrointestinalEndoscopic Surgeons. Integratingadvanced
laparoscopy into surgical residency training. Surg Endosc 1998;12:374–6.

[9] Long KL, Spears C, Kenady DE, et al. Implementation of a low-cost laparo-
scopic skills curriculum in a third-world setting. J Surg Educ 2014;71:860–4.

[10] SupeAN.Laparoscopic training in India: need for criterion-based training and
objective assessment of surgical skills. Natl Med J India 2009;22:188–91.

[11] Datta R, Upadhyay K, Jaideep CJ. Simulation and its role in medical
education. Med J Arm Forces India 2012;68:167–72.

[12] Tansley G, Bailey JG, Gu Y, et al. Efficacy of surgical simulation training
in a low-income country. World J Surg 2016;40:2643–9.

[13] Vargas G, Price RR, SergelenO, et al. A successful model for laparoscopic
training in Mongolia. Int Surg 2013;97:363–71.

[14] Bogen EM, Augestad KM, Patel HR, et al. Telementoring in education of
laparoscopic surgeons: an emerging technology. World J Gastrointest
Endosc 2014;6:148–55.

[15] Brunt LM, Langer JC, Quasebarth MA, et al. Comparative analysis of
laparoscopic versus open splenectomy. Am J Surg 1996;172:596–601.

[16] Parsa CJ, Organ CH, Barkan H. Changing patterns of resident operative
experience from 1990 to 1997. Arch Surg 2000;135:570–5.

[17] Hamdorf J, Hall JC. Acquiring surgical skills. Br J Surg 2000;87:28–37.
[18] Li MM, George J. A systematic review of low-cost laparoscopic simula-

tors. Surg Endosc 2017;31:38–48.
[19] Walczak DA, Piotrowski P, Jędrzejczyk A, et al. A laparoscopic simulator–

maybe it is worth making it yourself. Wideochir Inne Tech Maloinwazyjne
2014;9:380–6.

[20] Omokanye LO, Olatinwo A, Salaudeen A, et al. An improvised endo-
trainer for low resource settings. Res J Health Sci 2013;1:63–8.

[21] Rabie M. Acquiring laparoscopic suturing skills using a homemade
trainer. Eur Surg 2010;42:149–51.

[22] Alfa-Wali M, Antoniou A. Eco-friendly laparoscopic home trainer. Simul
Healthc 2011;6:176–9.

[23] Bahsoun AN, Malik MM, Ahmed K, et al. Tablet based simulation
provides a new solution to accessing laparoscopic skills training. J Surg
Educ 2013;70:161–3.

[24] Sparks DA, Chase DM, Lee WS. Republication: an inexpensive solution
for laparoscopic simulation. Int J Acad Med 2016;2:10.

[25] Hennessey IA, Hewett P. Construct, concurrent, and content validity of the
eoSim laparoscopic simulator. J LaparoendoscAdvSurgTech2013;23:855–60.

[26] Xiao D, Albayrak A, Jakimowicz JJ, et al. A newly designed portable
ergonomic laparoscopic skills Ergo-Lap simulator. Minim Invasive Ther
Allied Technol 2013;22:337–45.

[27] Inovus pyxus HD laparoscopic simulator. 2012. Available at: https://
inovus.org/about-us/. Accessed March 31, 2021.

[28] Association of Rural Surgeons of India. 2018. Available at: https://www.
arsi-india.org/rural_surgery.htm. Accessed May 10, 2021.

[29] GHRG-ST. Global health research group in surgical technologies. 2017.
Available at: https://ghrgst.nihr.ac.uk/. Accessed March 31, 2021.

[30] FLS. Fundamentals of laparoscopic surgery. 1997. Available at: https://
www.flsprogram.org/anniversary-fls-program/. Accessed March 31,
2021.

[31] FLSManual Skills instructions and performance guidelines. 2014. Available
at: https://www.flsprogram.org/wp-content/uploads/2014/03/Revised-
Manual-Skills-Guidelines-February-2014.pdf. Accessed March 31, 2021.

[32] Fraser S, Klassen D, Feldman L, et al. Evaluating laparoscopic skills. Surg
Endosc 2003;17:964–7.

[33] Peters JH, Fried GM, Swanstrom LL, et al. Development and validation
of a comprehensive program of education and assessment of the basic
fundamentals of laparoscopic surgery. Surgery 2004;135:21–7.

[34] Swanstrom LL, Fried GM, Hoffman KI, et al. Beta test results of a new
system assessing competence in laparoscopic surgery. J Am Coll Surg 2006;
202:62–9.

[35] Xiao D, Jakimowicz JJ, Albayrak A, et al. Face, content, and construct
validity of a novel portable ergonomic simulator for basic laparoscopic
skills. J Surg Educ 2014;71:65–72.

[36] Agha R, Abdall-Razak A, Crossley E, et al. STROCSS 2019 Guideline:
strengthening the reporting of cohort studies in surgery. Int J Surg 2019;72:
156–65.

[37] Research Registry. 2021. Available at: https://www.researchregistry.com/
register-now#user-researchregistry/registerresearchdetails/60dda3b560e9
560020186dd5/. Accessed July 5, 2021.

[38] Clevin L, Grantcharov TP. Does box model training improve surgical
dexterity and economy of movement during virtual reality laparoscopy?
A randomised trial. Actaobstetricia et gynecologica Scandinavica 2008;
87:99–103.

[39] Gallagher A,McClure N,McGuigan J, et al. An ergonomic analysis of the
fulcrum effect in the acquisition of endoscopic skills. Endoscopy 1998;30:
617–20.

[40] Adrales GL, Chu UB, Witzke DB, et al. Evaluating minimally invasive
surgery training using low-cost mechanical simulations. Surg Endosc
2003;17:580–5.

[41] Fried GM, Feldman LS, Vassiliou MC, et al. Proving the value of simu-
lation in laparoscopic surgery. Ann Surg 2004;240:518–25.

[42] Beatty JD. How to build an inexpensive laparoscopic webcam‐based
trainer. BJU Int (Papier) 2005;96:679–82.

[43] Chandrasekera SK, Donohue JF, Orley D, et al. Basic laparoscopic surgical
training: examination of a low-cost alternative. Eur Urol 2006;50:1285–91.

[44] Darzi A, Datta V, Mackay S. The challenge of objective assessment of
surgical skill. Am J Surg 2001;181:484–6.

[45] Reznick RK. Teaching and testing technical skills. Am J Surg 1993;165:
358–61.

[46] Dhariwal AK, PrabhuRY, Dalvi AN, et al. Effectiveness of box trainers in
laparoscopic training. J Minim Access Surg 2007;3:57–63.

[47] Wong J, Bhattacharya G, Vance SJ, et al. Construction and validation of a
low-cost laparoscopic simulator for surgical education. J Surg Educ 2013;
70:443–50.

[48] Price R, Sergelen O, Unursaikhan C. Improving surgical care in
Mongolia: a model for sustainable development. World J Surg 2013;37:
1492–9.

[49] Beard JH, Akoko L, Mwanga A, et al. Manual laparoscopic skills
development using a low-cost trainer box in Tanzania. J Surg Educ 2014;71:
85–90.

[50] Weizman NF, Maurer R, Einarsson JI, et al. Survey on barriers to
adoption of laparoscopic surgery. J Surg Educ 2015;72:985–94.

[51] Lofto Designs. 2012. Available at: https://www.loftodesign.com/about.
Accessed June 29, 2021.

Chauhan et al. International Journal of Surgery: Global Health (2021) 4:e59 www.ijsglobalhealth.com

7


