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Gelatin model for training ultrasound-guided puncture

Treinamento de punção ecoguiada em modelo de gelatina
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Abstract
Background: It is indispensable that members of the medical profession receive the technical training needed to 
enable them to rapidly obtain effective vascular access. Training procedures should be used judiciously to familiarize 
students with the technique. However, existing models are expensive or ineffective, and models need to be developed 
that are similar to what will be encountered in real patients. Objectives: To demonstrate creation and application of 
a gelatin model for training ultrasound-guided puncture. Methos: The model was made using a mixture of colorless 
gelatin and water in a transparent plastic receptacle with two pairs of orifices of different diameters, through which 
two plastic tubes were inserted, to simulate blood vessels. Results: The model was a close approximation to the 
real medical procedure in several aspects, since gelatin has a similar consistency to human tissues, providing a more 
faithful reproduction of the tactile sensation at the moment when the needle reaches the interior of a vessel and its 
contents are aspirated. Conclusions: The method proposed here can be used to easily construct a low-cost model 
using everyday materials that is suitable for large-scale training of ultrasound-guided puncture.
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Resumo
Contexto: É imprescindível a capacitação técnica da classe médica para a obtenção de um acesso vascular rápido 
e eficiente, sendo que os procedimentos de treinamento devem ser usados sabiamente como forma de familiarizar 
o aluno à técnica. Os modelos comerciais existentes são de alto custo ou não são eficientes, devendo ser criados 
novos modelos semelhantes ao que será visto num paciente. Objetivos: Demonstrar a criação e a utilização de um 
modelo de gelatina para o treinamento da punção ecoguiada por ultrassom. Métodos: Modelo criado através da 
mistura de água com gelatina incolor num recipiente plástico transparente com dois orifícios de diferentes diâmetros, 
nos quais foram colocados dois canos plásticos simulando os vasos sanguíneos. Resultados: O modelo proposto se 
aproxima da realidade do procedimento médico em vários aspectos, pois a consistência da gelatina é próxima aos 
tecidos humanos, promovendo a preservação da sensação tátil ao atingir o interior do vaso e durante a aspiração do 
conteúdo. Conclusões: O método proposto permite criar um modelo de baixo custo e fácil confecção utilizando-se 
materiais de uso cotidiano para treino de punção ecoguiada em larga escala.
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INTRODUCTION

Vascular access is used for administration of fluids 
and drugs as part of advanced life support, but it can be 
difficult to achieve in critically ill patients and so it is 
indispensable that members of the medical profession 
receive the technical training needed to enable them 
to rapidly obtain effective vascular access.1

In the United States, around 5 million central 
venous punctures are performed annually, with a 
complication rate of about 15%. The high incidence of 
adoption of this procedure means that it is extremely 
important to prevent its possible complications, which 
account for around 750,000 adverse events per year, 
according to American data. Possible complications 
that can involve serious risk to patients include 
pneumothorax, arterial puncture; hematoma; and 
injuries to the phrenic nerve and stellate ganglion.2-4

One of the most important factors influencing 
the success of this procedure is the experience of 
the professionals involved. Traditionally anatomic 
landmarks are used when performing central venous 
punctures, meaning that anatomic variations can 
make the procedure more difficult. Since 2001, the 
Agency for Healthcare Research and Quality has 
recommended 11 practices to improve the safety of 
care provided to patients undergoing surgery and/or 
admitted to hospital, one of which is using ultrasound 
to guide central venous punctures, increasing safety 
and minimizing risks.2-6

Training procedures should be used wisely to 
familiarize students with the technique, but existing 
models are expensive or ineffective, since an ideal 
training model should be similar to what will be 
encountered in real patients. The objective of this study 
was to develop an inexpensive and realistic model 
that is capable of simulating a routine procedure, 
which is a real challenge.7,8

MATERIALS AND METHODS

The materials needed for the proposed model are 
as follows (Table 1): 300g of colorless and flavorless 
gelatin; 1200ml of hot water; one 1.8 liter plastic 
receptacle; one perforated plastic receptacle; a drill; 
2 hole cutters of different sizes; 2 plastic tubes with 
diameters similar to the hole cutters; a mixer; hot 
glue; a spoon; a refrigerator.

Preparation of the model involves the following 
steps: Two orifices of different sizes are made in 
each side of one plastic receptacle (four orifices 
in total) with the hole cutters (Figure 1A) and two 
plastic tubes are introduced into these orifices so that 
they traverse the receptacle completely (Figure 1B). 

These orifices are sealed around the tubes with hot 
glue to avoid leakage. The water is heated and gently 
mixed with the gelatin; the dissolving process can 
be expedited using a mixer (Figure  1C). A spoon 
is used to remove all air bubbles before the gelatin 
hardens. The gelatin is poured into the receptacle and 
placed in the refrigerator until it hardens (Figure 1D). 
A spoon is used to remove any remaining air bubbles 
as the gelatin hardens. Once the gelatin has set, the 
tubes are carefully removed and then the gelatin is 
removed from the receptacle, placed into the other 
receptacle with no holes, which is filled with water. 
The orifices in the gelatin fill with water, simulating 
blood inside the vessels (Figure 2)9.

RESULTS

The model exhibited an acceptable consistency 
for realistic representation of human tissues during 
ultrasound-guided puncture training. The combination 
of the shape chosen for the model and its consistency 
resulted in ultrasound images similar to a simplified 
normal anatomy, and the adjacent tissues, the vessel 
lumen and its liquid contents and the refractive 
vessel wall were all clearly identifiable. Furthermore, 
the material’s partial transparency also offered an 
external view of the puncture procedure, further 
aiding in understanding of the Seldinger technique 
(Figures 2, 3 and 4).

DISCUSSION

Central venous access is an extremely important 
procedure in medical practice, it demands skill 
and anatomic knowledge and is a potential cause 
of serious complications. Using ultrasound for 
central venous access makes it possible to assess the 
location and diameter of vessels, facilitating insertion 
and/or choice of puncture site since it provides direct 
view of the progress of the needle and guidewire. 
The addition of imaging reduces the number of 
puncture attempts, improves insertion success rates, 

Table 1. List of materials employed.
Materials

• 300g of colorless and flavorless gelatin;
• 1200ml of hot water;
• one 1.8 liter plastic receptacle;
• one perforated plastic receptacle;
• a drill;
• 2 hole cutters of different sizes;
• 2 plastic tubes with diameters similar to the hole cutters;
• a mixer;
• hot glue;
• a spoon;
• a refrigerator.
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minimizes catheter‑related complications and reduces 
insertion time, particularly in patients with difficult 
vascular access.10

Many models have been developed with the aim 
of simulating medical procedures, but the majority 
of them bear very little similarity to what is found 
in real patients.11,12 With the aim of improving the 
range of models available, by achieving a closer 

approximation to reality, this study consisted of 
creation of a model made from gelatin that could 
be used to train ultrasound-guided punctures, both 
transversally and longitudinally.

It was found that the model was indeed a close 
approximation to the real medical procedure 
(Figures 3 and 4), since gelatin has a similar consistency 
to human tissues, in addition to providing a more 
faithful reproduction of the moment at which a real 
needle enters the interior of a vessel and its contents are 
aspirated. The ultrasound image showed the primary 
structures, such as lumen and adjacent tissues, both 
in transverse and in longitudinal mode. The model 
can be used to teach some of the most important 
points of the ultrasound-guided puncture technique 
that must be taught with care, such as puncture with 
a transverse scan, puncture with a longitudinal scan, 
identifying the needle on Doppler ultrasonography, 
observation of the structural change and transmission 
of vibration as the needle progresses. However, 
this model cannot be used to teach the anatomic 
landmarks, to show how to observe blood flow, or 
to demonstrate venous collapse or arterial pulsation. 

Figure 1. Construction of model: A) receptacle with pairs of orifices on opposite sides: in the example above four orifices were 
made to fit two tubes; B) two tubes passing through the orifices in the receptacle; C) mixing the ingredients; D) prepared gelatin 
is put into the receptacle.

Figure 2. Final result: Gelatin model of blood vessels.
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Figure 4. Model in use: Mode B ultrasonographic images: A) transverse image showing the needle in the center of the vessel; 
B) longitudinal image showing the path taken by the needle to reach the vessel interior.

Figure 3. Ultrasound of resulting model: transverse image. A) without compression; B) with compression similar to that of arteries.
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Additionally, although the echogenicity of gelatin is 
similar to human tissues, there is no differentiation 
of structures adjacent to the vessel, such as arteries, 
nerves and muscles (Figures 3 and 4).

CONCLUSIONS

The method proposed here allows production of a 
low-cost (approximately R$55.00 or US$17.00) and 
easy to construct model for large-scale basic training in 
ultrasound-guided puncture from everyday materials, 
making it possible to simulate a procedure that is part 
of daily routine, but is also of extreme importance, 
in medical practice.
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