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Abstract: The necessity to develop skills in medical training, from simple procedures such
as sutures, venipunctures, and peripheral venous cannulations to complex surgeries, has
driven innovation in the fabrication of medical simulators throughout history. These simu-
lators are crafted using materials that mimic the physical and mechanical characteristics of
human body parts, providing realistic training experiences. However, the costs associated
with developing these simulators pose a significant challenge, especially for low-income
areas. This work explores practical options for creating cost-effective and useful simulators
by fabricating pieces that represent the forearm, a common site for venipunctures and
peripheral venous cannulations. The fabrication process involved combining three types of
materials: polydimethylsiloxane (PDMS), food-grade silicone, and Artesil Shore 20 silicone,
along with a Foley catheter to simulate the arm veins. The compatibility of these materials
was thoroughly evaluated to produce valid prototypes, ensuring that the stress ratios
closely matched the properties of human tissue. Preliminary evaluations showed a good
acceptability rating from users. Medical students who tested the simulators found them
effective for explaining the behavior of fluids in the body during venoclysis simulations
and recommended elaborating on the replication of more complex structures.
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1. Introduction
The development of medical simulators has given rise to many innovations in the field

of healthcare education, providing an interactive approach to training future professionals,
as well as maintaining competencies over the years. These tools replicate real-life scenarios,
mimicking human body systems and parts, creating a safe and controlled environment
to improve skills. The area of application covers basic procedures to complex surgeries
where simulators offer a hands-on learning experience to link the theoretical knowledge to
practical procedures [1]. The precision and realism of medical simulators have improved,
making them indispensable in current medical training programs by reducing the risk of
errors in real patients. Regarding clinical training, there is an increasing necessity to limit
traditional instruction methods such as patients’ direct physical contact, animal laboratories,
and cadaveric dissection to avoid the ethical aspects of these procedures, prevent possible
complications, and contain costs [2].

The common materials used to fabricate medical simulators are selected for their
similarity to the human body’s look, feel, and function. Silicon-rubber-based materials
offer an acceptable balance of durability, flexibility, and realism; moreover, these materials
allow ease of fabrication [3,4]. The simulators are considered low- and high-fidelity devices,
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depending of the functions that each simulator develops; low-fidelity simulators cover basic
procedures, such as venous cannulation, venipuncture, etc. [5–7]. High-fidelity simulators
involve technological developments such as medical software, touch screens that show an
anatomical 3D description of the human body, and mannequins that simulate a hospital
environment [8–10]. These mannequins are capable of exhibiting symptoms of illnesses,
such as sweating, convulsions, and bleeding, which can be treated with medical tools. The
importance of this medical equipment has a great impact on the medical community, with
new developments in the field of simulators emerging every year [11].

Low-cost simulators represent a development trend, where systems are simplified
with portable characteristics and designed for single-use applications. Homemade reusable
devices were proposed to be used in medical teaching through simulations of clamshell
thoracotomy with 89.47% acceptability as a substitute tool for teaching [12], a laparoscopy
training box with which it has been possible to improve the confidence of students when
faced with surgery [13]. Many possibilities arise from using fruits for teaching procedures
such as suturing, cannulation, and injection, as the structure of fruits imitates the soft
characteristics of skin [14]. However, human skin is composed of tissue layers, which gives
it a unique characteristic that is difficult to replicate directly with fruits or mannequins.
For instance, bananas can simulate the feel of human skin for suturing practice [15,16],
while oranges can replicate the structure of a breast for practicing fine-needle aspiration
biopsies [17]. Grapes can simulate small tumors or cysts for practicing palpation and fine-
needle aspiration techniques due to their size and consistency [18]. Apples can be used to
simulate the human eye for practicing incision and drainage procedures, as well as suturing
delicate tissues [19]. Tomatoes can simulate soft tissue masses for practicing excision and
biopsy techniques due to their firm skin and soft interior [19,20]. Watermelons can be used
to simulate the abdominal cavity and organs for practicing laparoscopic techniques, as
their thick rind and soft interior offer realistic resistance and texture, also helping to model
a caesarean section [21,22].

The characteristics of human tissue can also be approximated using raw chicken breast
to practice suturing and incision techniques, as its texture closely resembles that of human
muscle and skin [23,24]. Hot dogs can be used for practicing endotracheal intubation, as
they mimic the resistance and feel of inserting a tube into the trachea [25]. Pork ribs can
be used to simulate the human rib cage for practicing thoracic procedures such as chest
tube insertion and clamshell thoracotomy [26]. The effectiveness of models used depends
on the material characteristics, but most of the cited models are used for a unique or few
essays due to the damage by material fatigue or degradation. Silicone-based materials are
attractive to fabricate simulators due to flexibility and resistance to tearing by repetitive
injection, and they are favorable for suturing in training scenarios.

Motivated to provide a practical solution for medical simulator training, this study
aims to fabricate a peripheral venous cannulation simulator with low-cost materials and
medical supplies used on a daily basis, aiming enhance confidence performing such proce-
dures with patients. In this work, we detail all the steps to obtain the simulator piece, from
assembly to covering and drying of the piece. As the main material of the piece, we used
different types of silicone to verify the compatibility of the materials for the piece’s covering
with those in the frame. The reason for this was that, in some cases, material incompatibility
(inhibition) could occur. The final simulator piece was assessed by medicine students, and
we measured their opinions about the usage, characteristics, and appearance of the piece
by conducting a survey.
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2. Materials and Methods
For the fabrication of a peripheral venous cannulation simulator of the arm, we

searched for materials that matched the original in shape, size, and function, considering
body anatomy. We fabricated an inexpensive piece for peripheral venous cannulation based
on an original forearm simulator. We tested the compatibility of various materials used for
the frame and the covering. Figure 1 shows a flowchart describing the entire process for
elaborating the peripheral venous simulator piece.
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Figure 1. Flowchart to fabricate and evaluate the piece of a peripheral venous cannulation simulator.

2.1. Materials and Compatibility

We used low-cost materials, combining Do-It-Yourself (DIY) materials, medical sup-
plies, and elastomers, most of which were utilized on a daily basis. For each material
employed in the procedure, it was necessary to consider its chemical properties and char-
acteristics. The coating of the piece needed to resemble real skin, being flexible, soft, and
allowing easy needle penetration. Based on these requirements, three materials (poly-
dimethylsiloxane (PDMS), alimentary silicone, and Artesyl 20 silicone) were used, each
with distinct properties. Additionally, forearm veins were represented by Foley catheters of
various sizes (12, 14, 16, and 18), as their diameters (2 mm to 4 mm) closely matched real
veins [27,28].

To evaluate the compatibility, we tested the casting of polymers on the Foley catheter
surfaces, choosing the ones that completed the cast correctly. Table 1 shows the combination
of materials used to test the compatibility.

Table 1. Material combinations.

Identifier Combinations

A (PDMS + Foley catheter)
B (Alimentary silicone + Foley catheter)
C (Artesyl 20 silicone + Foley catheter)

2.2. Fabrication of the Simulator Piece

To carry out the fabrication of the simulator piece, the elements were cleaned with
95% ethanol and dried using nitrogen. The Foley catheter was securely fixed to a uniform
flat base to prevent movement when the polymers were poured over it. Following Table 1,
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the combined materials were prepared and poured into three different setups, as shown in
Figure 2a.
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Figure 2. (a) Arm mold for the peripheral simulator fabrication and (b) curing failures produced due
to the incompatibility of materials in all three cases compared.

PDMS was prepared using a standard recipe with a 10:1 ratio of PDMS to crosslinker.
After removing bubbles, the mixture was cured in an oven at 80 ◦C for 2 h.

Alimentary silicone was prepared by weighing 80 g of component A and 80 g of com-
ponent B. Both components were poured into a vessel and mixed thoroughly. The mixture
was cured at room temperature (~18 ◦C) for 8 h. To achieve a skin-like coloration, pigments
were added: 2 g of rose pigment, 8 g of brown pigment, and 10 g of white pigment.

Artesyl 20 silicone was prepared by weighing 200 g of the silicone and pouring it into
a vessel. Then, 3 g of brown pigment for silicone and 80 drops of catalyst were added. The
mixture was stirred until uniform and left at room temperature for 4 h to complete curing.

2.3. Testing the Simulator Piece

To test the prototype, we used an arm mold and an intravenous infusion set. We
performed standard tests that included injection, cannulation, drug delivery, and flow
control. We also analyzed the similarity of the material’s texture and tested the hardness of
the materials, comparing it with the values of human skin, especially regarding the force
used to inject and manipulate the intravenous set. Additionally, we analyzed the material’s
damage due to repetitive use.

2.4. Evaluating the Use of the Peripheral Simulator

To assess the acceptability of the simulator, we conducted a survey with a population
of 116 students and 5 professors from the medical field, as they frequently use this type of
simulator in their daily practice. The goal was to gather feedback on their understanding
of the puncture and peripheral venous cannulation process, particularly in identifying the
anatomy, shape, and characteristics of the components that make up the system, as well as
the steps involved in performing the procedure. The survey aimed to collect responses and
recommendations that could help refine and improve the simulator model.

3. Results and Discussion
3.1. Compatibility of Materials with Silicone

After comparing the different simulator pieces, we observed incompatibilities between
the Foley catheter and the PDMS (Combination A) and alimentary silicone (Combination B)
coverings. In Combination A, the surface remained sticky and humid, resulting in incom-
plete coverage and hard, inflexible areas. This made PDMS unsuitable for venipuncture
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simulators. Combination B, despite being considered ideal for simulating skin, also failed
to dry properly, with bubbles on the surface and sticky areas near the veins. The presence of
inhibition was evident in both combinations, caused by the materials in the Foley catheter.
However, Combination C, using Artesyl 20 silicone, demonstrated excellent drying, com-
plete coverage, and compatibility with all simulator components. This combination proved
to be the most effective for creating a functional venipuncture simulator. Figure 2b shows
the various pieces, each with unique characteristics such as bubbles and cracks. Incompati-
bility between materials, such as in the case of amines, chemical substances, and materials
that contain sulfur, all of which are considered strong inhibitors, produces curing failures.

3.2. Testing the Simulator

With the simulator from Combination C (Artesil 20 silicone piece), we conducted
tests to ensure its proper functionality for practical procedures. The simulator clearly
distinguishes the flexible, soft covering (epidermis) from the Foley catheter representing
veins. The covering withstands punctures from surgical needles, and catheters ranging from
18 G to 24 G effectively pierced both the silicone and Foley catheter. A key consideration
was ensuring the catheter needle entered the silicone easily, enabling realistic medical
practice. The texture of the simulator piece was approximately similar to human skin when
injecting with a green needle due to the similar Young’s modulus. The simulator exhibited
small liquid dripping after 120 tests/punctures, demonstrating reasonable resistance of the
silicone to repetitive use.

3.3. Measuring Opinions About the Simulator

We fabricated five prototypes and evaluated them through a survey completed by
medical students during their regular training. The survey revealed that all students were
familiar with simulators, with 50% using them monthly. Figure 3 illustrates the frequency
of simulator use in medical practices. Most students agreed that simulators provide an
excellent way to develop medical skills, reflecting their positive experiences and perceived
benefits in training. This feedback highlights the importance of simulators in enhancing
practical abilities and ensuring effective preparation for medical procedures.
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Figure 3. Testing opinions about simulations with the simulator piece. (a) Percentage of constitu-
tion and venipuncture procedure with the simulator piece. (b) Difficulties in needle insertion and
vein palpation.

The vein palpation was considered moderately complex due to the level of difficulty
in identifying the vein in the simulator. The medical teacher viewed this characteristic as
essential for helping students train to identify the features of veins through palpation.
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3.4. Low-Cost Materials and Quality

The quality of the raw materials is crucial when fabricating the simulator, as durability
and aesthetic appearance are key characteristics. These devices should have a long lifespan
without quickly deteriorating. The term “low-cost” should not be confused with “bad
quality”. In this study, the pieces are considered low-cost because they were produced in a
basic laboratory with wholesale materials, making the costs affordable. The materials used
are versatile and commonly used in daily applications, not limited to medical simulators.
However, PDMS, a more expensive material, was found to be incompatible with catheter
materials and silicones.

3.5. Helpfulness of the Simulator Piece at Medical Practices

Medical practice for the training of medical professionals. Therefore, using medical
simulators is vital for building students’ confidence in performing peripheral venous
cannulation and other complex procedures. These simulators also help students understand
internal body processes. The simulator we created has had a positive impact on students
and medical professionals, as most survey respondents considered it an effective training
tool. However, students noted that the simulator could be more flexible to ease needle
insertion, although it is already flexible. Alimentary silicone, with a Young’s modulus of
4.2 MPa, is more elastic than Artesyl silicone, which has a modulus of 3.724 MPa. However,
latex covering the Foley catheter hose does not accept alimentary silicone, but it does
accommodate Artesyl silicone. This suggests the importance of selecting materials with
a Young’s modulus similar to that of human skin (4.6 MPa) for better flexibility. The
choice of peripheral venous catheter depends on vein size, procedure type (e.g., IV isotonic
therapies, surgeries, transfusions), and flow volume. Most students used a 22 G catheter,
the most common size for fluid therapy and IV medication. The simulator is designed to
accommodate various catheter sizes for comprehensive training.

4. Conclusions
This study was focused on creating a peripheral venous simulator using easily accessi-

ble materials like silicone and other elastomers. It demonstrated that material compatibility
is key for producing effective medical training tools. Artesyl 20 silicone combined with
a drying catalyst was an ideal choice due to its ability to blend well with latex and cork
without causing inhibition. The simulator successfully supported venous practices like ven-
oclysis and cannulation. The survey results suggest that materials with a similar Young’s
modulus to skin could improve flexibility. This cost-effective method offers a viable solution
for medical training, and future research could explore using silicone paste and alginates.
The simulator facilitates training for various procedures, including sutures, incisions, and
needle insertion.
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