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Introduction

Despite having a relatively short history, laparos-
copy has become a commonly used and widespread 
surgical technique. Because of its many advantages, 
such as less postoperative pain, better cosmetic re-
sults, shorter hospital stay and earlier return to nor-
mal activities, it has become the gold standard in the 
treatment of various diseases [1].

However, compared with open surgical proce-
dures, the laparoscopic approach is quite different 
and different skills are needed. The first is the ability 

to perform actions in three dimensions when only 
two can be observed on the monitor. The second is 
that the difference of depth perception, spatial re-
lationship and long surgical instruments requires 
perfect eye-hand coordination. Moreover, the arms 
of the tools act as levers with a fulcrum at the site of 
the skin incision, and hence the real action with the 
tool handles is a mirror of the movement of the tool 
tips seen on the monitor [2].

For this reason, the training process is difficult 
and requires time and the opportunity to practice 
this kind of surgery. What is more, it demands the 
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A b s t r a c t

Introduction: Laparoscopic trainers have gained recognition for improving laparoscopic surgery skills and preparing 
for operations on humans. Unfortunately, due to their high price, commercial simulators are hard to obtain, especially 
for young surgeons in small medical centers. The solution might be for them to construct a device by themselves.
Aim: To make a relatively cheap and easy to construct laparoscopic trainer for residents who wish to develop their 
skills at home.
Material and methods: Two laparoscopic simulators were designed and constructed: 1) a box model with an optical 
system based on two parallel mirrors, 2) a box model with an HD webcam, a light source consisting of LED diodes 
placed on a camera casing, and a modeling servo between the webcam and aluminum pipe to allow electronic ad-
justment of the optical axis.
Results: The two self-constructed simulators were found to be effective training devices, the total cost of parts for 
each not exceeding $100. Advice is also given for future constructors.
Conclusions: Home made trainers are accessible to any personal budget and can be constructed with a minimum 
of practical skill. They allow more frequent practice at home, outside the venue and hours of surgical departments. 
What is more, home made trainers have been shown to be comparable to commercial trainers in facilitating the 
acquisition of basic laparoscopic skills.
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use of animal models or simulators. To date, most 
of these options are very expensive and not easily 
available for constant training. 

Aim

Our goal was to build a relatively cheap and easy-
to-construct laparoscopic trainer for residents who 
want to develop their skills at home.

Material and methods

Two self-made laparoscopic simulators were de-
signed and constructed:

Mirror-based laparoscopic simulator

The optical system of this simulator was de-
signed using two parallel mirrors. The law of reflec-
tion states that the angle at which the beam is in-
cident on the surface equals the angle at which it 
is reflected. Therefore, two mirrors were placed at 
a 45-degree angle (Photo 1 B).

The housing for the laparoscopic trainer is a small 
plastic box with a fitted lid (Sortera, Ikea). The plastic 
wall is 2 mm thick and rigid, which is crucial for the 
stability of the construction. One of the side walls 
leans at a 45-degree angle, which helps to assemble 
the lower mirror (30 cm × 30 cm).

Three holes were cut out from a  lid. One 8  cm 
diameter hole was for the light source. Two 7 cm di-
ameter holes were used for the trocars: these were 
fitted with 2 mm thick pieces of rubber sheet fixed 
with metal washers. This solution allows the mov-
able ports to imitate the elasticity of the integument 
(Photo 1 C).

A 60 cm long oval furniture leg was fastened to 
the posterior part of the lid to form a slide for the 
upper mirror, which simulates a video monitor. The 
upper mirror (20 cm × 20 cm) is fixed to the slide 
using two threaded rods, clamps and a 45-degree 
adjustable square. This system allows the upper 
mirror to move and adapt to the height of the user 
(Photo 1 A).

The base of the simulator is illuminated using 
a 48-diode LED bulb (GU-10, 230V, 2.6W) assembled 
with the light placed in the middle hole. The lighting 
system is covered from the outside by a small plastic 
box. All training pads may be inserted on the ramp 
(made from medium-density fiberboard – MDF) to 
provide a proper viewing angle (Photo 1 D).

Webcam-based laparoscopic simulator

This laparoscopic trainer was created using the 
same plastic box with a  lid (Photo 2 A, B). As with 
the camera-less model, six holes were cut from the 
lid. In five holes, pieces of rubber sheet were placed 
in the same way as before (Photo 2 F). The middle, 
the largest aperture, was intended for camera place-
ment, and was covered by a specially prepared, un-
zipped material sleeve. A Logitec Quickam pro 9000 
webcam was used as the camera, with six LEDs 
placed on its casing as a  light source (Photo 2 E).  
The webcam was connected through a  servo to 
an aluminum pipe, allowing the optical axis to be 
changed electronically from direct to oblique. On the 
other end of the aluminum pipe, a control panel was 
placed to allow the optical axis and brightness to be 
controlled (Photo 2 G). During training, the camera 
may be placed in a stand, which was previously used 
as a lamp base (Photo 2 C).

Results

The costs of parts for both laparoscopic simula-
tors are presented in Table I. The prices are given 
in Polish currency. The average rate of exchange at 
the time of construction was PLN 3.27 for $1 and 
PLN 4.17 for €1. The total cost of the camera-less 
laparoscopic simulator was $51/€40, while the web-
cam-based laparoscopic simulator was $99/€78.

Since some parts such as screws, nuts, timber 
slats, plastic box or material sleeve are commonly 
available in every household or can be made easi-
ly, their prices were not taken into consideration in 
evaluating the cost.

Discussion

Laparoscopic trainers have gained recognition for 
improving the skills of laparoscopic surgery and act-
ing as preparation for operations on humans [3–5]. 
Unfortunately, due to their high price, commercial 
simulators are hard to afford, especially for young 
surgeons in small medical centers. The solution might 
be for them to construct a device by themselves.

The design of the first trainer is based on mirrors. 
It is undoubtedly a  cheaper model which doesn’t 
need a  computer and provides adequate training 
conditions. A study by Bruynzeel et al. demonstrated 
that the mirror trainer and the camera trainer are 
equally effective in teaching laparoscopic suturing 
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Photo 1. Mirror-based laparoscopic simulator. 
A – Front view, B – two parallel mirrors placed 
at a 45-degree angle, C – box, D – inside of the 
box, ramp
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Photo 2. Webcam-based laparoscopic simulator. A, B – Simulator, C – camera placed in a stand, D – connec-
tion between an aluminum pipe and the webcam through servo, E – webcam with LEDs placed on its casing, 
F – holes for the trocars, G – the control panel
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Table I. Cost of parts for both laparoscopic simulators

Camera-less laparoscopic simulator PLN Webcam-based laparoscopic simulator PLN

Box with a lid 29.99 Box with a lid 29.99

Mirror 20 × 20 8 Washer (6 pcs) 18

Mirror 30 × 30 12 Rubber sheet (1 × 1 m) 32.75

Washer (2 pcs) 6 Aluminum pipe (1 m) 3

Clamp (2 pcs) 8.60 Webcam 208

Threaded rod (1 meter) 2.40 LED diodes (6 pcs) 4.8

45-degree adjustable square 1.55 Power supply adaptor 30

LED bulb 20 Optional

Light fitting 25

Medium-density fiberboard (2 pcs 25 × 25 cm) 2.37 Button (4 pcs) 24

Furniture leg 13.50 Enclosure 79

Rubber sheet (1 × 1 m) 32.75 Servo 17

Electric wire (2 m) 5.70

Screws, nuts, small plastic box, timber slat – Screws, nuts, unzipped material sleeve –

Total cost 167.86 Total cost 
With optional equipment

326.54
446.54

skills [6]. It is noteworthy that mirror simulators 
available on the market are incomparably more 
expensive and they cost from $300 to as much as 
$2000 (Simulab Corporation) [7]. Only one other 
self-made, mirror-based laparoscopic simulators 
can be found in medical databases (Medline). This 
construction, designed by Robinson and Kusher, also 
uses two mirrors which reflect the image from the 
box; however, the placement of the mirrors differs 
from our model [8].

The second trainer, based on a  camera, repli-
cates real laparoscopy far more than a mirror-based 
trainer. So far, several similar models have been de-
signed and created by other authors. The easiest 
solution was introduced by Pawar, who used a dig-
ital camera connected with a  television set [9]. In 
one report, a spy camera was mounted on a movable 
arm [10]. The webcam is the most popular solution, 
as it is more practical than a  spy camera or video 
camera, which needs a television monitor: our web-
cam-based trainer box can easily be connected to 
a  laptop or desktop computer, which is more likely 
to be available for individual use. Moreover, web-
cams are generally easily affordable compared with 
camcorders and spy cameras. However, the techni-

cal specifications of the webcam are important: HD 
webcams are highly recommended because they 
provide a clear picture without blurring the moving 
instruments [11].

The are different ways of mounting a webcam in-
side the trainer. They could be fixed to the internal 
part of a lid [11, 12] or placed on the inner elevation 
as suggested by Beatty [13]. In our opinion, the best 
solution is to mount a webcam to a pipe, as this not 
only allows the camera to move in all planes, but 
also imitates the operation of a real laparoscope and 
accustoms the user to conditions during an opera-
tion, which might be helpful for inexperienced sur-
geons. Moreover, the moveable arm could be placed 
in a stand during practice, negating the need for an 
assistant to hold the camera.

The material used to construct the simulator is 
not insignificant. A paper box [14], timber case [15], 
metal basket [12] and plastic container [10] were 
previously described as the housing for the train-
er. The fact that the box is made of durable plastic 
means that it is both appropriate for holding organic 
tissues and easy to clean.

Future constructors of a  similarly designed lap-
aroscopic simulator may find the following sugges-
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tions helpful. The first is to place LED diodes on the 
webcam casing: by doing this, the axis of view of the 
camera rarely matches the illumination axis and so 
there are no shadows. The presence of the lamp as 
a light source, or a box transparent to light, allows 
the trainee to use shadow as additional spatial in-
formation. While it undoubtedly simplifies the per-
formance of tasks, it differs from classical laparos-
copy [2, 16].

The second innovation is the incorporation of 
a movable connection between the webcam and the 
aluminum pipe. In our trainer, it is created through 
a  modeling servo. The whole mechanism is con-
trolled electronically. This solution allows the optical 
axis to be changed easily from direct to oblique. Re-
searchers from Dundee University directed by Alfred 
Cuschieri revealed that the angle created between 
the axis of view and the axis of tool insertion has 
a significant influence on the accuracy and velocity 
of tool movements in the two-dimensional laparo-
scopic field [17]. This feature better accustoms the 
user to some of the handicaps and inconveniences 
of an oblique view. We realize that the introduction 
of this modification requires basic electronic knowl-
edge; however, it should be considered because it 
improves exercise realism.

The next noteworthy solution is the way that the 
tool is inserted inside the simulator. In trainers de-
signed by other authors, laparoscopic tools are usu-
ally placed in small holes drilled in the lid [9, 10, 13]. 
For the simulator presented in this study, 2 mm thick 
pieces of rubber sheet were placed in 7 cm apertures 
to mirror the elasticity of the abdominal wall. These 
rubber discs had cross incisions in the middle to al-
low trocars to be inserted through them.

Most laparoscopic instruments necessary for 
training are disposable and, after being properly ster-
ilized, are suitable for training. Similarly, expired in-
struments are useful for this purpose. The only non-
disposable instrument that is still necessary is the 
needle holder. Unfortunately, graspers are poor sub-
stitutes for this device because they do not maintain 
the grip on needles sufficiently to drive it into the 
“tissues” and tie the knot [18]. The cheapest brand 
new needle holders can be purchased from online 
auctions such as eBay for approximately $100.

Self-made simulators allow basic laparoscopic 
skills to be practiced. The items used to create the 
simulated task are generally cheap and can easily be 
found in hypermarkets [18]. The apparatus allows 

tasks to be performed which develop common skills 
such as instrument navigation, coordination, grasp-
ing, lifting, cutting, clip application or intracorpore-
al knot suturing [19]. For example, handling skills 
can be developed by transferring matches from one 
plate to another, while depth perception and hand-
eye coordination can be improved by running thread 
through holes of different size, placed at different 
levels and angles, or by cutting out a  shape along 
a  drawn line from a  rubber glove. Colored rubber 
tubes can simulate vessels, while a water-filled glove 
can replicate a gall bladder or ovarian cyst [18, 20, 
21]. The range of exercises is limited only by the 
imagination. 

Moreover, low-cost box trainers allow the key 
part of some surgical or urological operations to 
be performed. Self-made models simulating laparo-
scopic choledochotomy, division and ligation of the 
appendicular artery and appendix, mesh placement 
during hernia repair, splenectomy, and the closure 
of enterotomy or urethrovesical anastomoses have 
been described. Simulations might be carried out 
with high-resolution photographs of the anatomical 
region taken from real laparoscopic procedures, and 
photographs could be placed in the background to 
provide a clinical and anatomical context [22, 23].

Conclusions

Several studies have compared commercial lap-
aroscopic trainers and less expensive home-made 
laparoscopic trainers. A meta-analysis performed by 
Nguyen et al. showed that they are equally proficient 
in facilitating the acquisition of basic laparoscopic 
skills [24]. 
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