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Abstract
Urinary catheter insertion is one of the most widely performed procedures in a clinical setting. Inexperienced cath-
eterizations constitute a high percentage of urethral trauma in hospital settings, with as high as 75% of comorbidities 
related to inaccurate insertion. Simulation training can help learners feel more confident, shorten the learning curve, 
and provide a safe learning environment for novices to make, and learn from, mistakes. Three dimensional (3D)-
printed simulation models are as effective as commercially available models for novice learners, and have the benefits 
of being inexpensive, anatomically correct, portable and can be easily modified and rapidly produced as needed. A 
3D-printed male urinary catheter insertion simulation model, designed by MUNMed 3D, was offered to Memorial 
University medical students as part of pre-clerkship procedural training. Fourteen students were provided with a 
checklist for the procedure and the 3D-printed urinary catheter insertion simulator, and following the simulation, 
were asked to complete a 5-point Likert survey on their experience. The average self-reported skill before using 
the model was 1.29 (out of 5), which increased to 3.21 (out of 5). All 14 respondents selected either “agree” or 
“strongly agree” for the following four survey items: the simulation was an accurate anatomical representation, 
they would prefer learning on this simulation model before performing this procedure, they would recommend the 
model to other learners, and they found this model beneficial overall. Simulation training with a 3D-printed urinary 
catheter insertion simulator allows trainees the opportunity to become confident and familiarize themselves with the 
procedure before performing it on a real patient. 

Introduction
Urinary catheter insertion is a widely-performed 
procedure in the hospital setting for patients who lack 
bladder function or require a fluid status assessment.1,2 

To perform this medical procedure, a hollow tube is 
inserted through the urethra and into the bladder; once 
inside the bladder, the end of the catheter is inflated to 
prevent spontaneous removal. The inserted catheter 
allows for passage of urine out of the body, or for 
urine measurement when considering the intake and 
outflow of fluids. Although widely performed in the 
hospital setting by various healthcare practitioners, this 
procedure is expected to be performed by Canadian 
undergraduate medical students as they rotate through 
the clinical setting.3 As with any invasive procedure, 
there are risks and complications associated with 
catheter insertion. Improper catheterization technique 
can result in urethral trauma and may contribute to 
catheter-related urinary tract infections.3,4 In some 
centres, up to 75% of reported urethral trauma following 
a catheterization is caused by learners, highlighting the 
need for early and efficient training in this procedure.5 
Traumatic catheter insertion is recognized as a major 
cause of iatrogenic urethral strictures, resulting in 
obstructive or irritative urinary symptoms that have a 
profound impact on patients’ quality of life.6

With healthcare focusing on patient safety and 
successful outcomes, a need has been identified to 
achieve these goals in the area of the urinary catheter 
insertion procedure. As mentioned, urinary catheter 
insertion is a mandatory skill for medical students 
in their clinical years of undergraduate training. The 
students should complete the procedure under direct 
supervision of their preceptors to ensure accurate 
completion of the procedural steps in the correct order, 
with sterility preserved. To prepare for procedural 
training and the clinical clerkship experience, many 
medical schools provide a “pre-clerkship” training 
course that offers simulation for commonly performed 
medical procedures. Despite being one of the most 
prevalent procedures1, lack of experience with 
urinary catheter insertion is an ongoing concern for 
undergraduate learners at the pre-clerkship level. This 
learning gap can be fulfilled using three-dimension-
al (3D) printed simulation models, allowing students 
to practice the steps of the procedure and familiarize 
themselves with this technique. This simulation 
training can assist learners in feeling more confident 
when performing urinary catheterization, reducing the 
potential for complications that can occur as a result 
of inexperience.7 Simulation training allows trainees to 
make mistakes without the implications of litigiousness 
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or causing harm, which offers a strong learning 
experience for skills development.8 Specific to urinary 
catheter insertion, simulation training has been shown 
to increase user confidence which offers a significant 
advantage when first facing an insertion in an evaluated 
clinical setting.7 

Three-dimensional printing is becoming more 
prevalent throughout the medical fields due to 
technological advancements and decreased production 
costs.9 In simulation-based medical education 
(SBME), 3D printing has several distinct advantages. 
In healthcare centres that have access to 3D printing 
technology, a design can be printed as a point-of-care 
simulation without the need for expensive commercial 
grade models; this would be especially beneficial in rural 
and remote areas. Indeed, 3D printed simulators are 
less expensive than most simulation kits commercially 
available, but can be just as effective for the acquisition 
of skills in novice learners.10 Due to the ability to print 
anatomically correct models, 3D printing models are 
being widely incorporated into simulation training in 
multiple surgical fields and other specialties.11,12 This 
is also ideally suited for medical learners to familiarize 
themselves with the steps of a procedure without risk of 
patient adverse events. 

The aim of this project was to help fill an educational 
gap identified in the undergraduate medical school 
curriculum for urinary catheter insertion. A low-cost, 
3D printed simulation model was developed to assist 
undergraduate learners in the acquisition of confidence 
and procedural skill knowledge prior to clerkship 
rounds in a hospital setting. This article describes the 
development of the male urinary catheter insertion 
simulator, the feedback obtained from novices on the 
design, and concludes by presenting a framework for 
future developments of the 3D printed urinary catheter 
simulation model.   

Methodology
The male urinary catheter insertion simulation model 
was designed under guidance of a staff urologist (Figure 
1). The model was 3D printed using an Ultimaker 3, 
with 20% infill and 0.2 mm layer height. The base, water 
reservoir (urinary bladder) and mounting structures 
were printed using red polylactic acid (PLA) and the 
external genitals were cast in Smooth-On 00-30 silicone. 
The urethral component was printed with polyurethane 
thermoplastic elastomer (TPE) in durometer 80A. The 
overall cost of the model was approximately $35, with 
the silicone external genitals costing $30 and the rest 
of the print materials being less than $5. This estimate 
does not include the initial design time.

The urinary catheter insertion simulation was 
carried out by preclerkship students during procedural 

training, where the model was set up in a separate 
unsupervised area of the simulation lab for participants 
to practice with on their own time. The study was 
described to participants, who consented to the study 
by completing the survey. A checklist was provided 
to the participants to guide the participants through 
the correct steps of urinary catheter insertion. The 
checklist used was incorporated from a validated 
Delphi survey and contribution from a staff urologist.13 
Participants were provided with a catheter insertion 
kit and given up to ten minutes to practice the steps 
of the procedure using the model. Following the use of 
the model, a survey was provided to the participants to 
complete. Questions were asked using a 5-point Likert 
scale and were intended to assess how the learner’s 
confidence and experience changed with use of the 
model, the anatomical accuracy of the model and their 
overall impression of the model.  Participants were 
presented with a series of statements related to these 
objectives and were asked to select on a 5-point bipolar 
Likert scale their level of agreement with the statement 
(strongly disagree to strongly agree).  

This project is a quality improvement initiative in the 
procedural training of urinary catheter insertion, and 
whether the implementation of a low-cost simulation 
would be beneficial to learners. As such, questions were 
designed to generate qualitative information about the 

Figure 1: 3D-Printed Urinary Catheter Insertion Model

Male catheter insertion simulation
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model itself and generate a solution for the learning 
gap identified in the project design. This project was 
considered a product evaluation and improvement 
project, and therefore exempt from ethics review. 

Results
Results of the survey are presented in Table 1. 

Surveys were completed by 14 participants who 
practiced catheter insertion on the 3D-printed model. 
The average self-reported skill before using the model 
was 1.29 (out of 5), which increased to 3.21 (out of 5) 
after using the model (Table 1). Of the 14 participants, 
14 (100%) chose either “agree” or “strongly agree” for 
the following four statements: the simulation was 
an accurate anatomical representation, they would 
prefer learning on this simulation model before 
performing this procedure, they would recommend 
this model to other learners, and they found this model 
beneficial overall.  In addition, 10 respondents (71.4%) 
would prefer using this model before performing the 
procedure on an actual patient. 

Discussion
The 3D catheterization model was designed to create 
a meaningful learning experience as an alternative to 
existing, commercially available models, with fidelity 
maximized in the confines of ease and low cost of 
modifications and replications. Additionally, the 
3D printed model incorporates a few unique design 
features not available in urinary catheter insertion 
simulators on the market today. The silicone penis is 
easily manipulated, allowing for straightening of the 
urethra during insertion of catheter. As the catheter 
is advanced into the bladder, it passes through a valve 
that mimics the sphincter muscle, keeping fluid in the 
bladder without leaking out. Once the sphincter is 
breached, water will return through the catheter. The 
end of the catheter can be visualized upon entering the 
bladder, allowing the user to ensure that the catheter is 
in the correct position before inflating the balloon. This 
feature allows the learner to appreciate the drawback 
of the inflated balloon against the bladder neck, and 

ensure the catheter is securely in the correct position. 
Collectively, these features provide additional 

sources of visual feedback, which can be beneficial for 
novice medical learners.14 For example, a randomized 
controlled trial by Zhong et al. compared the use of 
a transparent urinary tract simulator to a traditional 
simulator for the teaching of urological skills.15 After 
learning on the transparent simulator, the experimental 
group scored significantly higher on procedural skills 
testing than the control group. The ability to visualize 
the anatomy of the urinary tract and appreciate exactly 
where the catheter is in relation to important structures 
is helpful in preventing trauma that results from 
inflating the balloon while still in the urethra. To that 
end, one of the major advantages of the 3D simulator is 
that the learner can see the catheter enter the bladder 
and inflate the balloon correctly. As a result of the study 
by Zhong et al and feedback from this iteration of the 
3D catheterization model, a future direction would be 
incorporating transparent materials in the design of the 
model. 

Using this knowledge, the urinary catheter model 
we designed will undergo revision and a secondary 
prototype model will be created. A more rigorous 
iterative validation process will occur, with a cohort of 
undergraduate medical and nursing students evaluating 
the product in tandem with existing high-fidelity 
models. Undergraduate nursing learners, who will 
ultimately insert a large majority of catheters in the 
clinical setting, may also benefit from this model for 
procedural training. As the simulation model has yet to 
be formally evaluated by expert users of the procedure 
(i.e. urologists), its implementation as a learning tool 
is uncertain; but this early research suggests that a 
low-fidelity 3D-printed urinary catheter insertion 
simulation model has the potential to be an effective 
addition in learning this procedure.  

As this iteration of catheter model was intended as a 
prototype to better inform the identified learning need, 
the next step in enhancing the simulation experience 
would be the incorporation of modular elements in 
the model design. The base of the model would act 

Survey Component 1 2 3 4 5 Mean

1. What was the level of your skill before using the simulation? 11 2 1 0 0 1.29

2.  What was the level of your skill after using the simulation? 0 1 9 4 0 3.21

3.  The catheter insertion model felt realistic. 0 0 7 3 4 3.79

4.  This simulation was an accurate representation of the relevant anatomy. 0 0 0 11 3 4.21

5.  When using this model, all steps of urinary catheter insertion can be carried out.  0 1 3 5 5 4.00

6.  I would prefer learning on this simulation model before performing insertion on a real patient. 0 0 0 4 10 4.71

7.  I feel more confident in performing catheter insertion. 0 0 2 8 4 4.14

8.  I would recommend this simulation to undergraduate medical learners. 0 0 0 5 9 4.64

9.  Overall, I found this simulation beneficial. 0 0 0 8 6 4.43

Table 1: Post-simulation survey results from preclerkship trainees. 
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as a static element, allowing for the replacement of 
individual design pieces such as the urethra or external 
genitalia. This way, a female model could be designed 
by swapping out the genitalia and urethra, but keeping 
the bladder and base, allowing for a quick switch 
between models. Training for difficult catheterizations 
would be accomplished by replacing the urethral 
anatomy to include a stricture or an enlarged prostate, 
then assessing how a learner would manage this 
scenario. These modifications can be shared between 
sites with access to 3D-printing materials, allowing for 
point-of-care simulation in remote areas without access 
to more expensive models. 

One limitation of this study is the subjective 
self-assessment of a learner’s increased skill in this 
procedure. This study isn’t intended to comment on 
an objective increase in procedural skill from using 
this model, but rather as a correlate for increased user 
confidence, a subjective measure that can result in 
decreased patient and user anxiety. As many students 
have never performed a catheter insertion, it is difficult 
for them to comment on the anatomical accuracy of 
the model. Also, as one of the future settings for this 
model may be in nursing education, this study used a 
cohort of medical students, limiting the applicability of 
the results obtained. 

Conclusion
This project represents an attempt to ameliorate 
a learning gap in the preclerkship curriculum of 
undergraduate medical learners, where a significant 
portion of respondents indicated that they would 
feel more comfortable and confident with additional 
training (including simulated training) in urinary 
catheter insertion. This procedure can be a stressful 
experience for both patients and professionals, and 
increasing user confidence can go a long way towards 
decreasing patient anxiety. With medical learners being 
implicated in a significant portion of catheterization 
related injuries, simulation training offers the advantage 
of practicing with the ability to make mistakes in a 
structured setting without the potential for adverse 
patient events.  
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