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ABSTRACT

Background: Three-dimensional printing is used in veterinary medicine to produce precise physical models for
education, research, and training. As simulation-based approaches in veterinary education continually improve, we are
exploring the applicability of three dimensional (3D) printing technology for this purpose.

Aim: The aim of this study was to evaluate the level of student satisfaction, motivation, and confidence with the
introduction of 3D-printed models in veterinary clinical training.

Methods: A total of 57 students from the University of Sarajevo—Veterinary Faculty were included in the study. The
groups were created according to the previous clinical training: third-year students with dominant observational and little
active participation, fourth-year students with modest active participation, and fifth-year students with high prominent
active participation in the clinical work. The students attended the theoretical review and practical presentation prior
to their work on 3D printing models. Upon completion of the activity, students were given a survey that included
questions divided into four categories: general satisfaction, comparison with traditional teaching methods, interactivity
and practical application, and technical characteristics.

Results: Students exhibited a positive attitude toward the use of the three dimensional printing (3DP) models as
clinical simulators. This innovative approach could reduce stress when transitioning to work with live animals while
enhancing interest in clinical work.

Conclusion: The significant benefits of the 3DP include enhanced durability, low production costs, and a significant

reduction in the number of cadavers needed for educational purposes.
Keywords: Additive manufacturing, Clinical skills, Simulation, Veterinary education.

Introduction

3D printing is a technique that uses 3D CAD datasets to
create physical objects. It is also referred to as additive
manufacturing, and it has the primary advantage of
fabricating almost any complex shape or geometric
feature (Rengier et al., 2010). The use of 3D printing for
medical purposes started in the early 2000s and rapidly
increased across various domains of medical education
and practice (Leukers et al., 2005). An important factor
contributing to this trend was the transformation from
very expensive to accessible and affordable 3D printing
technology (Griffey, 2014).

In veterinary medicine, 3D printing is used to create
precise anatomical models for education, training, and
research (Kapoor, 2024). The fused deposition modeling
(FDM) printing technology is most commonly used,
especially for making 3D models for education and

research, allowing rapid prototyping and printing of
large objects (Wilhite and Wolfel, 2019). Physical 3D
models enable students to identify complex anatomical
structures and understand their spatial relationships.
Learning and practicing clinical skills on 3D models
offers multiple benefits: improved animal welfare,
reduced student anxiety, reduced use of cadavers,
standardized and timely learning, and the ability to
perfect skills through repeated practice without ethical
concerns (Langebak ef al., 2012; Fredieu et al., 2015).
Additionally, the significant advantages include low
production costs, durable materials, easy storage,
and models that are both reusable and replicable
(Hadziomerovi¢ et al., 2023; Cheo et al., 2024).

The educational value of three dimensional printing
(3DP) models has been extensively examined in
various studies. These investigations have consistently
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revealed that students perceive the 3DP models
as highly effective tools, particularly in terms of
enhancing  performance, promoting long-term
knowledge retention, and increasing both motivation
and satisfaction (Chedid ef al., 2020; O’Brien et al.,
2021; Hammerton et al., 2022).

Acquiring clinical skills and applying theoretical
knowledge in veterinary education is always
challenging due to the lack of patients and ethical
concerns. Thus, precise anatomical models are vital
in educational and training settings across all stages
of veterinary education, including undergraduate
and postgraduate programs, clinical skills training,
and client education (Yilgdr Huri and Oto, 2022).
Technological improvement has become very popular,
allowing more interactive learning in comparison
with traditional medical education. Recently, many
veterinary schools have introduced simulation labs
in their curricula to provide better clinical skills
for students, which is a key aspect of their work.
Introducing simulation-based training allows students
to gain experience as an artificial representation of a
real-life process to achieve educational goals through
experiential learning (Al-Elq, 2010).

With the growing demand for training and the limited
availability of animals and cadavers, we utilized
3D-printed technology to prepare cost-effective
models for clinical practice. The aim of this study was
to evaluate the level of student satisfaction, motivation,
and confidence using 3D-printed models in veterinary
clinical training.

Materials and Methods

Study design
Prior to working with the 3DP models, students were
given a theoretical review and practical presentation

about the upcoming work. Four clinical models were
introduced: a canine front limb for vein cannulation,
an antebrachium with a paw for bandaging practice,
a canine head for dental regional anesthesia, and a
canine pelvis and spine for epidural anesthesia. The
cannulation model included an anatomical model for
regional anatomy review, and the canine head model
was paired with a feline head model to highlight the
anatomical differences between the species (Figs. 1-3).
Upon completion of the activity, students were given a
survey that included 17 questions that were measured
using a 5-point Likert scale.

The questions were divided into four categories: general
satisfaction, comparison with traditional teaching
methods, interactivity and practical application, and
technical characteristics. A single question was reserved
for students who had already worked with live animals;
therefore, it has not been answered by all participants
(Q6). The survey also included a section for student
feedback with space for comments, suggestions for
improvement, and ideas for future models.

Design and 3D printing of models

The FDM printing technology was used to produce 3D
printed models for clinical simulation. This technology
is based on the extrusion of material (filament)
transferred through a preheated nozzle and the creation
of a layer-by-layer product structure on a print bed.
A wide range of materials can be used with FDM
printers; the most common is polylactic acid (PLA).
Although PLA showed less resistant and flexible than
thermoplastic polyurethane in bone printing (Kurt et
al.,2022), PLA was selected for its advantages in terms
of reduced printing time and lower material costs. The
datasets were obtained in different file formats (CT/
magnetic resonance imaging (MRI) or 3D models)
from online sources like thingverse.com or sketchfab.

Fig. 1. Students working in groups of two using models to practice intravenous catheterization. One student restrained
the model, stabilized the limb and raised the vein. The other student is performing intravenous (IV) catheter placement

(A), secure taping (B), and flushing with saline (C).
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Fig. 2. Students working in groups of two using models to practice bandaging technique. One
student manipulating the model and the other bandaging the limb. Bandaging of the wounds

(A) and splinting (B) was performed.

Fig. 3. Students working in small groups using models to practice regional nerve blocks for
dental and oral surgery (A) and epidural anesthesia of the dog (B).

com. The best-quality 3D datasets are usually obtained
from the computed tomography (CT) because the scan
resolution ranges from 0.625 to 0.10 mm. A different
file format was transferred to .stl printing format, and
with the slicer Cura 5.6.0, a 3D model was prepared
for 3D printing. A slicer converts a 3D model into a set
of instructions (G-code) that a 3D printer can use for
3D printing. The “normal” printing parameters were
selected in the Cura slicer, and most of the models were

printed in the vertical printing orientation with a “tree”
support structure using the Ultimaker S3 printer. The
support structures were removed after printing, and the
final phase included the preparation and painting of the
models.

Participants

A total of 57 third, fourth, and fifth-year students
from the University of Sarajevo—Veterinary Faculty
were included in the study. Their participation was
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voluntary. Regarding previous clinical training, third-
year (n = 31), fourth-year (n = 19), and fifth-year (n
= 7) students had low (observational with little active
participation), moderate (observational with modest
active participation), and high (observational with
prominent active participation) levels of clinical skills,
respectively. Most of the higher-year students had
hands-on experience with live animals, but none of
the participating students had worked with 3D-printed
models before. Thus, three groups with different
levels of clinical experience and skills were formed.
Specific demographic information about the students
participating in this activity was not collected to
preserve the anonymity of the study participants, and
an informed consent form was obtained from all the
students. The inclusion criteria for the study required
participants to have attended both the theoretical review
and practical presentation on the use of 3DP models in
veterinary clinical training, as well as previous clinical
training sessions at the veterinary faculty. The exclusion
criteria were participants who had not attended the
practical presentation on 3D printed models or who did
not provide consent to participate in the survey.
Statistical analysis

An analysis of variance was conducted to examine
statistical differences among the study groups. The

mean values and standard deviations of the students’
responses were calculated and are presented in Table
2. Statistical analyses were performed using the SPSS
software package (SPSS for Windows, Version 22.0).

Results

This study was conducted in 2024 with a sample of
57 students who were offered to answer questions
related to their general satisfaction with the use of
the 3DP models (questions 1-6), their comparison
with traditional teaching methods (questions 7-9),
interactivity and practical application (questions 10—
12), and technical characteristics (questions 13—17).

Regarding the category of general satisfaction, fourth-
year students reported the highest level of satisfaction
with the quality of the 3D printed anatomical models
(likert scale mean + SD = 5.0 + 0). The satisfaction
level was also statistically significantly higher
compared with the fifth-year students (3.00 + 1.15).
Comparison with traditional teaching methods did not
notably differ between groups of students. The attitudes
of the fourth and fifth-year students differed in relation
to the Interactivity and practical application category,
specifically, their opinions that the previous work on
the models would lead to better application of what was
learned while working on live animals (4.84 + 0.37,

Table 1. Survey on the level of student satisfaction with 3DP models.

General satisfaction

I am satisfied with the quality of the 3D-printed anatomical models.

I believe that previous work on the model would help improve the clinical application of what was learned when

working on a live animal model.

3. I think that the models help to gain initial confidence before working on a live animal.

4. I think the models help me feel less pressure when working with live animals.

5. I believe that using this model before working with a live animal reduces students’ stress levels.

6. 1 would have liked to have studied in a model before I started working with a live animal.
Comparison with traditional teaching methods

7. I believe that 3D printed anatomical models are superior to traditional learning methods (e.g., drawings, books,
video materials)
Using 3D models increased my motivation to learn clinical skills
The models enabled me to better understand clinical skills compared with traditional methods.
Interactivity and practical application

10. The interactive nature of 3D models compared to passive learning methods was beneficial to me.

11. The models enabled me to better understand the clinical procedures

12. The models will be useful in preparing for practical examinations and clinical practice.
Technical characteristics

13. Using different colors improved my understanding of anatomical structures

14. Different materials allow better representation of different tissues and structures

15. The models were clear and precise in displaying the anatomical structures.

16. The models were sufficiently detailed for my learning requirements

17. The models were easy to use and manipulate
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Table 2. Student responses reflecting attitudes toward the use of 3DP models.

3 year 4 year 5 year
Questions  Categories p Value
Mean + SD Mean + SD Mean + SD
1. General satisfaction 4.80 + 0.40 5.00+£0 3.00+£1.15 0.000
2. 4.7440.51 4.8440.37 4.42+0.53 0.153
3. 470+ 0.58 4.89+031 400+ 1 0.003
4, 4384091 4944022 3.71+0.75 0.001
s. 4.48+0.85 4.9440.22 428+0.75 0.037
6. - 433+0.57 4.71£0.75 0.231
7. Comparison with 4.78 +0.49 4.84 +0.37 4.85+0.33 0.940
8. traditional methods 4.61+0.66 4.68+0.74 4.71+048 0.903
9. 4.87+0.34 5.00£0 471+ 0.48 0.091
10. Interactivity and 4774042 4944022 471 +0.48 0.219
11. practical application 47+0.52 473045 4.57+0.53 0.755
12. 48+047 478041 4.14+037 0.002
13. Technical 4774042 4894031 5.00 £ 0 0.258
14. characteristic 4.64+0.55 4.89+0.31 4.57+0.53 0.152
15. 474 % 0.4 478 +0.41 4.14+0.89 0.014
16. 4.67+0.54 4.68+0.67 3.42+0.97 0.000
17. 474+0.51 4.81 +0.50 4.14+0.89 0.022

4.42 + 0.53, respectively) and that the models would
help to gain preliminary confidence before working on
a live animal (4.89 £ 0.31, 4.0 &+ 1.0, fourth- and fifth-
year students, respectively).

The most common student feedback was that innovative
teaching methods enhanced their interest in clinical
work.

“I believe that this method of learning is much more
efficient, primarily because of gaining experience in
working with models. Also, it is much more interesting
and easier to remember this type of lessons”.

“I think it is an excellent idea. 3D models will help
students and make me more interested in practical
clinical works”.

The use of the 3DP model could reduce stress in
subsequent work with live animals (4.94 + 0.22, fourth
year), allowing the animals to feel less pressure during
real clinical work. However, significant differences
were observed in the pressure and stress levels
experienced by students before working with live
animals, with fifth-year students reporting mean values
of 3.71 and 4.28, respectively).

The fifth-year students emphasized that they would like
to practice using models before starting to work on live
animals (4.71 £ 0.75).

“3D models should be included in the preclinical
subjects, for better understanding of the study content
and preparation for work in clinical subjects”.
Participants with scarce clinical experiences, the
third-year students, also agreed about the quality of

the created 3D printed anatomical models (4.80 +
0.40), but they showed more agreement than the fifth-
year students in connection with the statement about
preliminary confidence before working on a live animal
(4.70 £ 0.58).

All groups preferred using 3D models over traditional
learning methods, and students gave more preference to
the applicability of 3D models in contrast to drawings,
books, videos, and other traditional learning methods
(mean range = 4.78-4.85), whereby fifth-year students
mostly agreed that the use of 3D models increased their
motivation to learn clinical skills (4.71 & 0.48). In this
section, this question got the most uniformly dispersed;
students of all included years strongly agreed that the
models gave them a better understanding of clinical
skills compared to traditional ones.

The highest degree of opinion was found in questions
that assessed students’ attitudes toward interactivity
and the practical application of the 3DP models. All
surveyed students highly agreed that the interactive
application of the models benefits them (third year:
4.77 + 0.42, fourth year: 4,94 + 0.22, fifth year: 4,71 +
0.48) as well as that the models enable them to better
understand clinical procedures (third year: 4.70 = 0.52,
fourth year: 4.73 + 0.45, fifth year: 4.57 £ 0.53).

Most students expressed satisfaction with the models
and offered suggestions for future improvements.

“In addition to the currently offered cannulation
models, I would supplement with a model of the hind
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leg. A model for practicing blocks used in equine
models would also be very useful”.

Reflecting on the technical characteristics of the models,
third- and fourth-year students overwhelmingly agreed
thatthe use of different colors on the models significantly
enhanced their understanding of anatomical structures
(4.77 £ 0.42 and 4.89 + 0.31, respectively). Notably,
fifth-year students demonstrated complete uniformity
in their responses, rating the effectiveness of colored
models at 5.0 £ 0.

Discussion

3D printing technology has been used in veterinary
medicine to produce precise anatomical models
of bones and organs, serving as valuable tools for
education, training, and research. Previous studies
have investigated and compared the usability and
effectiveness of 3D-printed models for learning
anatomy. Superior results were recorded when
comparing 3D printed cardiac, gastrocolic, and brain
models to 2D images, traditional cardiac models,
and formalin-fixed brain specimens (Wang et al.,
2017; Chen et al., 2020; Hadziomerovi¢ et al., 2023).
The 3D-printed models of the ovine stomach were
extremely useful for enhancing spatial understanding
and illustrating the topographical relationships with
neighboring anatomical structures (Mendaza-De Cal
and Royo, 2021).

In a veterinary curriculum, acquiring clinical skills is
one of the most important components, but it is also
quite challenging due to ethical concerns associated
with practicing on live animals. The use of simulation
technology can provide artificial representations for
training, enhancing student experience while preserving
patient safety (Issenberg et al., 2005). The incorporation
of simulators into veterinary education is a relatively
recent and innovative area of study. These tools
provide a safe, controlled, and repeatable environment
for students to practice clinical procedures while
ensuring ethical considerations. Although simulators
cannot completely replace the use of live animals
for instruction, they offer a valuable opportunity
for students to hone their skills before working with
live patients. These teaching simulators enable the
development of practical skills without the need for a
live patient, leading to more confident graduates with
enhanced proficiency in practical skills. Simulation-
based medical education enriches the learning
environment and provides substantial educational
benefits by supporting the development of technical
skills and clinical competencies among veterinary
students. In addition, it serves as a valuable solution
to address the challenges posed by limited faculty and
staff resources in training programs (Casimir et al.,
2022). A very important aspect of simulators is that
they contribute to animal welfare by reducing reliance
on live animals in educational settings (Scalese et al.,
2005; Baillie 2007). An important aspect of simulation

training is reducing the stress that students experience
when performing surgery on live animals (Altwal
et al., 2022). Research conducted by Edinburgh
University demonstrated that repeated exposure to
low-fidelity surgical training models increased final-
year students’ surgical confidence and competence and
reduced procedural stress related to three key surgical
entrustable professional activities (EPAs) (Thompson
et al., 2023). The use of low-fidelity models, such
as table-top simulators, offers valuable alternatives
because of their low cost, ease of construction, and
ability to effectively meet teaching objectives. A
key advantage of these models is that they provide
multiple opportunities for learners to practice and
repeat technical skills as often as necessary to achieve
competency (Perez-Rivero et al., 2022). A review
article (Braid, 2022) researching four databases (CAB
Abstracts, Scopus, ScienceDirect, and Wiley Online
Library) on the use of simulators for teaching practical
clinical skills to veterinary students concluded that
practicing on models produced learning outcomes that
match or surpass those achieved through cadaver or
live animal sessions. Using simulators during training
can increase students’ confidence in task performance
and in recognizing anatomical structures or landmarks,
even if their ability to perform the actual task does not
improve. In addition, simulators help alleviate student
anxiety before conducting procedures on live animals.
Therefore, the results of our research are consistent
with the findings of similar studies and indicate that
veterinary students at the University of Sarajevo greatly
benefit from the use of simulators in clinical practice
classes when it comes to acquiring clinical skills and
lowering the stress and pressure when performing the
learned skills on the live animal. The most experienced
fifth-year students had the opportunity to compare
work on 3D models and live patients, and they
confirmed that they would prefer working on models
prior to working on live animals. However, in certain
aspects, such as the quality and details of the models
and the reduction of pressure levels, fifth-year students
reported lower values. This is understandable given
their level of knowledge and prior experience working
with live animals.

Studies (Erickson, 2019; Pohl et al., 2022; Marsch
et al., 2024; Neubauer et al., 2024) have shown that
veterinary medicine is a stressful field and one of the
most stressful occupations. That’s why lowering the
stress in the teaching environment and having more
confident graduates are important for the mental health
of future veterinarians.

The 3D printed models are commonly used to teach
anatomy to first-year students and as simulation models
for internal medicine and surgery. A study by Diaz-
Reganon ef al. (2024) evaluated the perceptions of first-
year and fifth-year students regarding their learning
experience with an upper endoscopy model based on
3D printing technology. The prepared model, featuring
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realistic size, texture, color, and appearance, along with
detailed inner surfaces including gastric folds and a
pyloric sphincter, was highly regarded by the students.
Both student groups perceived the 3DP as an effective
learning tool. For anatomy students, it served as a
valuable supplement without completely replacing real
specimens. In contrast, fifth-year students were more
enthusiastic and regarded the model as an essential tool
for clinical training.

A variety of veterinary simulation models for small
animals are available on the market from various
companies. The most common types are leg vascular
access models, intubation models, canine neuter
simulations, and suture pads. These models are often
made using flexible and replaceable materials, and their
prices typically range from $500 to $1000 USD. The
frequent use of these models incurs additional costs for
replacement parts. Producing printed plastic models
requires an initial investment in a 3D printer, with
prices varying depending on the model, ranging from
$500 to $3,000 USD. The material cost for each of our
models does not exceed $10 USD, with an extra charge
for painting services. In addition, multiple copies can
be easily and rapidly printed from a single prepared
model. The overall cost of preparing 3D printed models
is significantly lower than that of using cadavers or
purchased simulation models. Previous studies have
regarded PLA as the most available, cheap, easy-to-use,
and durable material for the 3D printing of educational
models (Cojocaru et al., 2022; Ekim et al., 2024).

This study examined the use of 3D-printed models in
veterinary clinical training and their impact on students’
confidence and motivation using a simulation-based
approach. However, several limitations of this study
should be acknowledged. First, the sample size was
relatively small, comprising 57 students, and the
analysis was limited to immediate feedback following
the use of the 3DP models, without examining their
long-term impact on students’ clinical skills, knowledge
retention, or confidence in real-world scenarios. A
comprehensive understanding could be achieved by
evaluating students’ performance and comparing their
outcomes with those obtained through traditional
teaching methods.

Future research should include a more controlled
experimental design to directly compare the
effectiveness of 3DP models with conventional teaching
approaches, focusing on various dimensions such as
knowledge retention, skill acquisition, and practical
application in clinical environments. Additionally,
incorporating feedback from educators and clinicians
who have implemented the 3DP models in their
teaching practices would provide valuable insights
into the feasibility, effectiveness, and challenges of
using these models in real-world educational contexts.
Expanding the scope of the study to include a broader
range of simulation models and analyzing their relative
effectiveness across different teaching methodologies

would also contribute to a deeper understanding of
their pedagogical value.

Conclusion

The research findings propose the utilization of
3D-printed anatomical and simulation models as an
alternative to cadavers, presenting a valuable option for
initial clinical practice preceding engagement with live
animals. Some of the advantages of 3D printed models
include increased durability, low production costs, and
a reduction in the number of cadavers used in teaching.
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