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Introduction

Colorectal cancer (CRC) is the third most lethal cancer in
women and the fourth in men in Brazil.1

Although the mortality rates for CRC show a downward
trend in most developed countries, increasing rates are
expected in Brazil until the year 2025.2,3 Screening for CRC
is essential to diagnose and remove premalignant CRC
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Abstract Objective To develop a low-cost simulator model and a colonoscope with materials
that are easily accessible to offer training on colonoscopy skills during undergraduate
studies. Since this is the procedure of choice for colorectal cancer screening, the
general practitioner must be able to recognize its main indications, preparation, and
complications.
Methods Using materials such as a mannequin, a vehicle inspection camera, a
conduit, polyvinyl chloride (PVC) pipe, acrylic, wood, and red paint, we built a simulator
and a 150-cm long and 20-to-25-mm thick colonoscope. The colonoscope’s handle and
handhold were made of acrylic, the colonoscope’s mobile end was made with
articulated PVC rings, and the up and down movements were performed according
to the traction of the steel cables. The camera attached to its distal end enables
connection to a smartphone to view the image. In the simulator, the conduit was
inserted into the mannequin to simulate the curvatures of the colon. Red spray paint
was used to simulate the staining of the colonic mucosa in the inner region of the
mannequin and the adventitial layer in the outer region.
Results Wewere able to build a simulator and a colonoscope with a total amount of R
$ 182.82 (roughly US$ 36.50). Both were tested and proved to be useful in the
acquisition of psychomotor and cognitive skills in colonoscopy.
Conclusion The simulator and colonoscope developed by us are cost-effective, useful
in the acquisition of psychomotor and cognitive skills in colonoscopy, and can facilitate
the structuring of a training program for undergraduate students.
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lesions, reducing mortality from this type of neoplasm.4

Currently, the American Cancer Society screening guidelines
recommend initiation of screening for all adults at usual risk
at 45 years of age and older.5

Colonoscopy is considered the gold standard diagnostic
method for colon diseases, and the most effective procedure
for CRC screening compared to other types of tests such as
the fecal occult blood test, barium enema, and computed
tomography (CT).6,7 Through colonoscopy, which enables a
complete examination of the mucosa, we can identify and
remove polyps, and perform tumor biopsies, as well as
diagnoses, and monitor other lesions.

However, as it is an invasive test, postcolonoscopy com-
plications occur in approximately 0.35% of patients, and may
be related to bowel preparation, sedation, the diagnostic
evaluation of the colon, or the therapeutic techniques estab-
lished.8 The success of the exam depends on several impor-
tant factors, and the experience of the colonoscopist,
adequate indication, adequate follow-up after the exam,
and the quality of bowel preparation must be highlighted9,10

In the Brazilian health system, colonoscopy is not always
requested by a specialist, but we have observed that a small
proportion of general practitioners have adequate knowl-
edge about the examination technique, the need for prepa-
ration, and the risks and benefits to the patient.

It is also important that the patient is informed, preferably
by the doctor who requested the exam, about the conditions
in which the procedure is performed and all the steps
involved in the process, the reason why it should be carried
out and what the expected result is, what are the risks
involved in carrying out the exam, the need for an assess-
ment of the cardiac risk due to the sedation, the need to
discontinue the intake of certain medications, and the im-
portance of bowel preparation for the final result and quality
of the exam.

In medicine schools, we find it difficult to offer a scenario
in which the student can have this experience in colonosco-
py, since it is a specialized exam, often carried out in
reference centers or in tertiary hospitals.

In this context, teaching by simulation has its importance
ratified, since it is a method that enables the integration of
theory and practice, providing meaningful learning through
the active involvement of the student. Therefore, the learner
needs to mobilize knowledge, make decisions, and perform
actions to solve the proposed problems. In addition, the
simulation environment is safe and secure, and enables the
student to repeat the same action several times.

After each situation, the teacher offers feedback to the
student, provoking a reflection and developing critical and
reflective thinking. Thus, the quality of care and patient
safety are improved.11

To provide this simulated practical training, we face
difficulties due to the high cost of simulators and especially
colonoscopes. Although there are low-cost colonoscopy
simulator models in the literature, so far there is no low-
cost colonoscope that enables the implementation of
practical colonoscopy activities in public educational
institutions.12,13

Therefore, the objective of the present study was to
develop a low-cost colonoscope and colonoscopy simulator
model with easily-accessible materials to train technical and
cognitive skills associated with colonoscopy during under-
graduate studies. Thus, we can offer undergraduate students
the basic motor skills to perform the procedure, in addition
to creating a context for the development of cognitive skills,
such as understanding the limitations, complications, and
indications of the exam, interpreting the results, recognizing
the importance of CRC screening programs, and teaching
screening protocols. In addition to these, communication
skills can also be taught, such as patient guidance on prepa-
ration, and communication about the occurrence of compli-
cations and test results.

Methods

Low-Cost Colonoscopy
To build the low-cost colonoscope, we used a vehicle inspec-
tion camera, 1.5 m of 1/2” hose, 5 cm of 3/4” polyvinyl
chloride (PVC) pipe, 7 cm of 1/2” PVC pipe, 165 cm2 of acrylic,
3 m of 2-mm coated steel, 24 M3 screws, 12 M3 non-locking
and 2 locking nuts, 2M2 screws with nuts, 6.25-mm spacers,
13 3-mm wood screws, 6 wood studs, 1M5 screw, 1 wood
cylinder with 12mm in diameter and 25mm in height, 1
nylon clamp, 2 1/2” U clamps, electrical tape, and instant
glue. The manufacturing process was manual, using tools
such as a bow saw, sander, drill, pliers, and screwdrivers,
totaling 40hours of work. (►Table 1).

The colonoscopewas designedwith a length of 150cm and
a thickness of 20mm to 25mm (►Figure 1A-B). The colono-
scope’s handle and handle were made of acrylic, and were a
circle with 6 cm in diameter and finger notches and a 4�5
�15cm trapeze respectively. (►Figure 1C-D). The mobile
extremity of the colonoscope was made with 6 articulated
PVC rings, and the up and down movements were performed
according to the traction of the steel cables attached to the
shaft of the handle (►Figure 1E-F). The camera attached to the
distal end has a USB/micro-USB cable running through the
entire interiorof thedevice tobeconnected toa smartphoneor
notebook computer (►Figure 1A-B).

Low-cost Colonoscopy Simulator
To build the low-cost simulator, we used a half-body dummy,
a 2” conduit with 0.5 m, 8 cm of 1/2” PVC pipe, 8 nylon
clamps, 2 hinges, 1 latch, 14 10-mm M3 screws with nuts, 2
80-mm M8 screws with nuts, 1 2” sewer cap, 1 eucalyptus
board (60�10�3 cm), thermosetting adhesive, instant glue,
and red spray paint. Themanufacturing process wasmanual,
using simple tools such as a bow saw, drill, pliers, and
screwdrivers, totaling 12hours of work. (►Table 2).

Nylon clamps were used to secure the conduit to the
dummy, while hinges and latches were used to enable easy
opening of the abdomen (►Figure 2A). The conduit was bent
to simulate the curvatures of the colon and inserted into the
dummy in the region of the abdomen and pelvis. The initial
part of the conduit was glued with the thermosetting adhe-
sive in a circular hole with 5 cm in diameter in the lower part
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of the dummy, which was used to simulate the anus and the
rectum. The PVC pipe was used to simulate the ileocolic
junction. The sewer capwas used to simulate the cecum, and
it was fixed with instant glue after the ileocolic junction at
the end of the conduit. Red spray paint was used to simulate
the staining of the colonic mucosa in the inner region of the
manikin and the adventitial layer in the outer region.
(►Figure 2B). The dummy was fixed to the eucalyptus board
in the left lateral decubitus position with M8 screws.

Results

It was possible to develop a colonoscopy simulator worth R$
77.67 and a low-cost colonoscopeworth R$ 105.15, totaling R
$ 182.82 (roughlyUS$ 36.50). The colonoscopehas a length of
150 cm and a range of up and down movements of 150°,
which are performed using the manual control on the
handle. The vehicle inspection camera is only 7mm in
diameter, with good lighting and image quality, in addition
to having the convenience of enabling the connection of the
cable to a computer or cell phone, facilitating training. The
low-cost colonoscope was used by a coloproctologist to
perform the colonoscopy on the simulator. Technicalmaneu-
vers such as torque, pushing and pulling, up and down

movements, and 360° visualization of the mucosa were
applied, demonstrating the effectiveness if the simulator in
trainingmotor skills, enabling professors to offer the student
challenges similar to those of a real colonoscopy.

The low-cost simulator was also tested with a real colon-
oscope (►Figure 3A-B), and it proved to be useful in the
acquisition of motor skills. With both the low-cost colono-
scope and the real colonoscope, it was possible to perform
the complete colonoscopy in the simulator. The colonoscope
and simulator created have low fidelity; however, due to the
way they were created, they offer realism to the learner.

Discussion

Colonoscopy is the gold standard procedure for CRC diagno-
sis and screening, and it is essential to reduce the rate of
mortality from this type of neoplasm.6,7 The experience of
the colonoscopist is decisive to guarantee the quality of the
exam, and, according to the American Cancer Society, about
140 supervised colonoscopies are needed for a colonoscopist
to be considered experienced, which demonstrates the long
learning curve of the procedure.9

Competence in colonoscopy brings together psychomotor
and cognitive skills, such as the ability to perform the exam,

Table 1 Detailed cost sheet of the colonoscope

Material Amount Price

Colonoscope Vehicle inspection camera 1 unit R$ 35.00

1/2 inch water hose 1.5 m� R$ 5.10

Nylon clamp 1 unit R$ 0.50

25-mm spacers 6 units R$ 20.40

1/2 inch U-clamps 2 units R$ 0.80

10-mm M3 machine screws 20 units R$ 5.00

16-mm M3 hex screws 4 units R$ 1.20

Hex nuts with M3 locks 2 units R$ 0.50

3-mm 20-mm Phillips wood screws 3 units R$ 1.20

3-mm 10-mm Phillips wood screws 6 units R$ 0.36

10-mm Phillips M2 machine screws 6 units R$ 6.30

10-mm M2 machine screws with nuts 2 units R$ 2.30

2-mm 5-mm Phillips wood screws 4 units R$ 0.20

MA M3 ZB Hex nuts 12 units R$ 0.84

20-mm Phillips M5 machine screw 1 units R$ 0.42

3/4 inch polyvinyl chloride (PVC) pipe 5 cm� R$ 0.50

1/2 inch PVC pipe 7 cm� R$ 0.30

6-mm acrylic 165 cm2� R$ 7.80

Insulating tape 1 unit R$ 4.50

Instant glue 1 unit R$ 5.50

Wooden python (14� 30) BC small 6 units R$ 0.90

2-mm coated steel cable 3 m� R$ 5.53

Total R$ 105.15

�Proportional price; US$ 1 is roughly R$ 5.4.
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its indication, and how to guide the patient regarding the
importance of the examand the reason for the indication, the
correct preparation for the procedure, and the main com-
plications.7 Bowel preparation is one of the most frequent
reasons why patients are opposed to participating in screen-
ing colonoscopies, and inadequate preparation is a major
obstacle to achieving a quality colonoscopy.10 These skills
should not only be taught to the specialist physician, but also
to the general practitioner.

Fig. 1 (A) Low-cost colonoscope built with garden hose, PVC pipe and acrylic. (B) Coating with insulating tape and length graduation.
(C) Acrylic handle and grip. (D) Wooden shaft coupled to the handle with steel cables fixed on both sides. (E) Mobile end made with PVC rings. (F)
Range of motion of the low-cost colonoscope.

Table 2 Detailed cost sheet of colonoscopy simulator

Material Amount Price

Colonoscopy
simulator

Half-body
mannequin

1 unit R$ 25.00

2-inch conduit 0.5 m� R$ 4.25

1/2 inch polyvinyl
chloride (PVC) pipe

8 cm� R$ 0.32

Nylon clamps 8 units R$ 4.00

Hinges 2 units R$ 1.40

Latch 1 units R$ 2.10

10-mm M3 screws 14 units R$ 2.80

80-mm M8 screws 2 units R$ 5.36

2-inch sewer cap 1 unit R$ 7.79

Eucalyptus board 0.603 m2� R$ 3.51

Thermosetting
adhesive

1 unit R$ 4.39

Instant glue 1 unit R$ 2.75

Red spray paint 1 unit R$ 14.00

Total R$ 77,67

�Proportional price; US$ 1 is roughly R$ 5.4.

Fig. 2 (A) Low-cost colonoscopy simulator. (B) Lower gastrointestinal
tract made with conduit.
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In the current scenario, some weaknesses can be pointed
out in medicine courses, such as the difficulty in inserting the
student in the practice scenario. In this structure, inwhich the
student has contact with theory to later have contact with
practice, the information may seem out of context, as there is
no immersion in practice and recognition of the difficulties of
the exam, such as the formation of loops in theflexible tube of
the test colonoscope, which can trigger colon perforation.14

As such, it may impair the recognition of an exam com-
plication. On the other hand, a simulation environment
promotes a context that influences how students identify
and perceive information, how they interpret it and how they
act on the information available in learning situations,
improving content retention.15

Simulator training is now considered a safe, efficient, and
more cost-effective environment for colonoscopy training.
However, high-fidelity simulators still have a high cost for
the reality of public educational institutions and colono-
scopes are excessively expensive to be used in training.16Our
model costs approximately 1% of the price of a real colono-
scope, which can make it possible to structure a practical
context to teach colonoscopy at the undergraduate level.

By creating this low-fidelity model, we can promote a
complete teaching-learning process of the skills involved in
performing colonoscopies. The low-cost colonoscope could
be used for the student to acquire motor skills, including the
basic structure of the colonoscope’s functioning, the posi-
tioning of the patient (left lateral decubitus) and the exam-
iner, the movement techniques of the device (up, down,
push, pull, and torque), in addition to cognitive skills such as
the importance of viewing the mucosa in 360° when remov-
ing the device and the minimum time to remove the device,
as well as the technical difficulties that can culminate in
examination complications.

Active methodology techniques using the low-cost simu-
lator and colonoscope, such as role play, can be applied to
acquire communication skills, such as informing the patient
about the indication for the exam or guiding the preparation.
Dramatization can be a resource used in the development of
an affective skill, such as communicating to the family the
complication of the exam or thefinding of a neoplasm during
the exam, for example.

The simulator has limitations, given its low fidelity. In
this sense, it is not possible to identify and extract lesions as
in high-fidelity simulators. As for the colonoscope, its
reduced amplitude and absence of a handle for right and
left lateral deviations when compared to the real colono-
scopes makes it difficult to pass the device completely and
visualize the mucosa completely, making it necessary to use
the torque maneuver in several situations. Comparing the
performance of the real colonoscope and the low-cost one
on the simulator, we noticed that the lower thickness and
smoother outer coating of the real colonoscope made it
easier to perform a full colonoscopy in the low-cost simu-
lator. Although both showed a good image of the mucosa, it
is necessary to consider that the simplicity of the low-cost
colonoscope offers a greater challenge to perform a colo-
noscopy, mainly due to the lack of resources available in the
real device.

Despite this, the low-cost colonoscope provides the op-
portunity to develop critical and reflective thinking in stu-
dents. The skills acquired during the simulated activities can
be improved and applied during internship, in the outpatient
clinics of specialties such as gastroenterology and coloproc-
tology, as well as in the colonoscopy centers, improving the
qualification and safety to solving patient problems in the
clinical environment.

With well-defined learning objectives, we can divide
training into different modalities, for undergraduates and
interns alike, in order to optimize learning andmaximize the
educational benefits of low-fidelity simulation.

Conclusion

The low-cost simulator and colonoscope developed by us are
cost-effective for the acquisition of basic colonoscopy skills
when compared to high-fidelity simulators and real colono-
scopes. This reduction in the cost of the device and the
simulator can facilitate the structuring of a training program
for academics to acquire psychomotor and cognitive skills in
colonoscopy. Thus, with adequate knowledge about indica-
tions, guidelines, complications and steps to follow in the
procedure, the general practitioner can contribute to the
success of this test, which is extremely important for CRC
screening.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Guerra MR, Bustamante-Teixeira MT, Corrêa CSL, et al. Magnitude

and variation of the burden of cancer mortality in Brazil and
Federation Units, 1990 and 2015. Rev Bras Epidemiol 2017;
20Suppl 01 (01):102–115. Doi: 10.1590/1980-5497201700050009

2 Oliveira RC, Rêgo MAV. MORTALITY RISK OF COLORECTAL CAN-
CER IN BRAZIL FROM 1980 TO 2013. Arq Gastroenterol 2016;53
(02):76–83. Doi: 10.1590/S0004-28032016000200005

3 Souza DLB, Jerez-Roig J, Cabral FJ, de Lima JRF, Rutalira MK, Costa
JAG. Colorectal cancer mortality in Brazil: predictions until the
year 2025 and cancer control implications. Dis Colon Rectum
2014;57(09):1082–1089. Doi: 10.1097/DCR.0000000000000186

Fig. 3 (A,B) Low-cost colonoscopy simulator test with a real colon-
oscope by a coloproctology specialist.

J Coloproctol Vol. 42 No. 4/2022 © 2022. Sociedade Brasileira de Coloproctologia. All rights reserved.

Colonoscopic Simulator and Colonoscope to Train Basic Skills in Colonoscopy Pinho et al.300



4 Montminy EM, Jang A, Conner M, Karlitz JJ. Screening for Colorec-
tal Cancer. Med Clin North Am 2020;104(06):1023–1036. Doi:
10.1016/j.mcna.2020.08.004

5 Wolf AMD, Fontham ETH, Church TR, et al. Colorectal cancer
screening for average-risk adults: 2018 guideline update from the
American Cancer Society. CA Cancer J Clin 2018;68(04):250–281.
Doi: 10.3322/caac.21457

6 Ransohoff DF. Colon cancer screening in 2005: status and chal-
lenges.Gastroenterology2005;128(06):1685–1695.Doi:10.1053/j.
gastro.2005.04.005

7 Lee SH, Park YK, Lee DJ, Kim KM. Colonoscopy procedural skills
and training for new beginners. World J Gastroenterol 2014;20
(45):16984–16995. Doi: 10.3748/wjg.v20.i45.16984

8 Reumkens A, Rondagh EJA, Bakker CM, Winkens B, Masclee AAM,
SanduleanuS. Post-ColonoscopyComplications:A SystematicReview,
Time Trends, and Meta-Analysis of Population-Based Studies. Am J
Gastroenterol 2016;111(08):1092–1101. Doi: 10.1038/ajg.2016.234

9 Waschke KA, Anderson J, Valori RM, et al; Chair of 2017-18 ASGE
Training Committee. ASGE principles of endoscopic training. Gastro-
intest Endosc 2019;90(01):27–34. Doi: 10.1016/j.gie.2018.10.017

10 Jang JY, Chun HJ. Bowel preparations as quality indicators for
colonoscopy. World J Gastroenterol 2014;20(11):2746–2750.
Doi: 10.3748/wjg.v20.i11.2746

11 Decker S, Sportsman S, Puetz L, Billings L. The evolution of
simulation and its contribution to competency. J Contin Educ
Nurs 2008;39(02):74–80. Doi: 10.3928/00220124-20080201-
06

12 Buscaglia JM, Fakhoury J, Loyal J, et al. Simulated colonoscopy
training using a low-cost physical model improves responsive-
ness of surgery interns. Colorectal Dis 2015;17(06):530–535. Doi:
10.1111/codi.12883

13 King N, Kunac A, Johnsen E, Gallina G, Merchant AM. Design and
validation of a cost-effective physical endoscopic simulator for
fundamentals of endoscopic surgery training. Surg Endosc 2016;
30(11):4871–4879. Doi: 10.1007/s00464-016-4824-y

14 Matthes K, Cohen J. Does Simulator Training in Colonoscopy
Reduce Procedure-Related Complications? Tech Gastrointest
Endosc 2007;9(04):242–245. Doi: 10.1016/j.tgie.2007.08.012

15 McConnell MM, Eva KW. The role of emotion in the learning and
transfer of clinical skills and knowledge. Acad Med 2012;87(10):
1316–1322. Doi: 10.1097/ACM.0b013e3182675af2

16 Khan R, Plahouras J, Johnston BC, Scaffidi MA, Grover SC, Walsh
CM. Virtual reality simulation training for health professions
trainees in gastrointestinal endoscopy. Cochrane Database Syst
Rev 2018;8:CD008237. Doi: 10.1002/14651858.CD008237.
pub3

J Coloproctol Vol. 42 No. 4/2022 © 2022. Sociedade Brasileira de Coloproctologia. All rights reserved.

Colonoscopic Simulator and Colonoscope to Train Basic Skills in Colonoscopy Pinho et al. 301


