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Gelatin Model for Ultrasound-Guided Puncture

Pulido-Contreras et al.
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A Low-Cost Gelatin-Based Model for Ultrasound-
Guided Percutaneous Renal Access

ABSTRACT

Objective: The aim of this study was to develop and validate a low-cost and reproduc-
ible training model using gelatin that can be useful for acquiring the necessary skills for 
successful ultrasound-guided access in percutaneous nephrolithotomy without expos-
ing patients to clinical risks.

Methods: A prospective and analytical study involving 12 urology residents was con-
ducted to validate the model using content and construct validation systems. The 
study consisted of 2 parts: content validation through expert opinion surveys and 
construct validation through resident skill assessments before and after training on 
the model. This model imitates the calyx to puncture and was developed using pitted 
olives in dense gelatin. The model was constructed for a total cost of $29.7 per unit with 
an easy and reproducible construction. Each model can be used to perform approxi-
mately 40 punctures before the image quality deteriorates.

Results: Globally, this training model increased skills. Puncture time decreased from 
106 to 40.5 seconds after training (P = .002). The study found that the model was 
accepted by 71.4% of urologists as a safe training alternative and provided a risk-free 
environment for practicing the 2 skills required for a successful puncture: adjusting the 
ultrasound machine for an adequate image of the target and surrounding tissues and 
needle-probe alignment.

Conclusion: This model is easy to build, reproducible, and cost-effective. It enhances 
the residents’ skills to increase success and safety when performing ultrasound-guided 
percutaneous access.

Keywords: Gelatin-based model, percutaneous nephrolithotomy, ultrasound-guided 
percutaneous renal access

Introduction

Percutaneous nephrolithotomy (PCNL) is the treatment of choice for stones larger than 2 
cm.1,2 Puncture for percutaneous renal access (PRA) is the most critical step in PCNL; however, 
to achieve adequate ultrasound-guided puncture, the literature recommends a minimum 
learning curve of 15-20 cases.3-5 Therefore, it is essential to implement strategies that pro-
mote technical development without exposing patients to clinical risk.

In the last decade, biological and non-biological models have been developed to facilitate 
this learning curve.6 This method is a safe and effective way to acquire new skills, with prom-
ising results.2 Trained students perform better than untrained students in clinical exams and 
invasive procedures using ultrasound phantom models.7

Models constructed from animal organs and plaster to simulate stones have been devel-
oped to promote skill development and proper techniques for inexperienced urologists.2,8,9 
In addition, the use of ultrasound for PRA has been extensively shown to reduce surgical 
complications.10
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This study aimed to develop and validate a low-cost, non-biologic, 
gelatin-based model for training in ultrasound-guided puncture 
for PCNL.

Material and Methods

A prospective and analytical study including 12 urology residents 
was conducted to validate the model using content and construct 
validation systems. To achieve this goal, the study was divided into 
2 parts. In the first part, the validation method described by Shepard 
was followed.11 The model was tested by 7 urologists who performed 
PCNL with ultrasound-guided punctures. Their experience and opin-
ions after using the model were collected through an 8-question 
Likert-type survey in which the urologists described the strength and 
intensity of their experiences Table 1. This process involves expert 
opinions and is crucial in ensuring the accuracy and reliability of the 
model.12 The model was then used by residents to assess their per-
formance before and after performing the procedure on the model 
for the first time, and their results were then compared with those 
obtained by the urologist. This procedure provided construct valida-
tion of the model and formed the second part of the study.

The training model used olives to create an anechoic zone repre-
senting 4 mm targets, simulating puncturing the calyx, this choice is 
based on their ability to generate an easily visible anechoic zone with 
smooth margins for puncture. The other required materials are listed 
in Table 2, and the model building is described in Figure 1.

At the end of the study, the aspects outlined in Table 1 had an accep-
tance rate of over 88%, forming the basis for the content validation of 
the model while ensuring participant anonymity.

Two measurements were taken for each inexperienced subject 
before and after using the model. The first measurement was taken 
when the model was used for the first time, and the second measure-
ment was taken 24 hours after the model training was completed. 
The training period consisted of a 20-minute practice session with 
the model each day for 5 consecutive days.

Each practice session comprises the following:

1. Turn on the ultrasound machine.
2. Adjustment of parameters.

a. Frequency: 3.5MHz.
b. Focus: On the work site.
c. Depth: Adjust Zoom.
d. Dynamic range: Between 60 and 80 dB.
e. Gains and TGC: To achieve a good image.

f. Ultrasound scanning.
g. Ultrasound-guided puncture.

The urology residents received instructions from a urologist on con-
figuring, scanning, and practicing free-hand puncture.

Finally, the initial measurements of the inexperienced group were 
compared with their final measurements. Similarly, these final mea-
surements were compared with those obtained by the urologist 
group and the time for successful puncture between each group.

Results

According to the observations, 71.4% of the urologists agreed 
that the model provides a safe training alternative, whereas 57.1% 
believed that it bridges the gap between classroom training and real-
life medical cases, and 85.7% agreed that the model offers a platform 
for users to perform different approaches and techniques in a risk-
free environment. Figure 2.

Simultaneously, various skills were evaluated in the model from a 
group of urology residents (n = 12). The 4 assessed skills were as fol-
lows: Turning on the ultrasound machine, where 8.3% and 100% of 
participants successfully completed the task before and after train-
ing, respectively. The second skill was parameter adjustment in the 
ultrasound machine to obtain an adequate image; there were no 
statistical differences in the ability to adjust parameters before and 
after training, as approximately 50% of participants partially fulfilled 
the task. The third skill was ultrasound scanning; before training, 
75% of participants did not have prior experience with ultrasound 
or only partially performed ultrasound scanning; however, at the end 
of the training, 100% of the participants successfully completed this 
task. The fourth skill was performing a successful ultrasound-guided 

Table 1.  Statements from the Expert Survey for the Validation of the Training Model for Ultrasound-Guided Percutaneous Nephrolithotomy

Statement 1 The model provides a safe training alternative for real-life cases.
Statement 2 The model serves as a bridge between theoretical training conducted in classrooms and practical medical cases 

encountered in real-life situations.
Statement 3 Model simulation allows the evaluation of student performance.
Statement 4 The model provides a platform for surgeon certification.
Statement 5 The model offers a platform for users to perform different approaches and techniques in a risk-free environment.
Statement 6 The texture of the interaction is sufficiently realistic.
Statement 7 The model provides clinically relevant objective measurements that can be used to evaluate user performance.
Statement 8 The model allows variation in different anatomies or pathologies through interchangeable parts.

Table 2.  Materials Needed for Model Construction

Material Price
Pitted olives $1.3, 70 gr bag
Extra-firm gelatin 
(>300 blooms)

$14, 1 kg bag

Psylium plantago $7, 500 gr bag
Silicone or liquid latex $0.6, 30 ml bottle
Plastic mesh $0.9 per piece
Thread $1.1 per piece
Container $4,8 with a 3 lt capacity.
Total $29.7 at the local currency exchange rate in 

December 2023
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puncture; before training, no one could complete this task; after 
training, 50% of participants partially completed the task, and the 
other 50% completed the task.

The time taken to perform the puncture was measured. The mean 
estimated puncture time before training was 106 seconds, whereas 
after training, the mean decreased to 40.5 seconds (P = .002) Table 3.

Skills were assessed on the model between a group of urologists 
(n = 7) and residents (n = 12) after training. All participants (100%) 
successfully completed the ultrasound-guided puncture, and the 
puncture time was significantly shorter, with a mean of 19.1 s com-
pared with 40.5 s for inexperienced participants. Table 4.

Discussion

To improve expertise in ultrasound-guided PCNL, a non-biological 
and cost-effective model was developed and validated. This model 
enables stress-free training and familiarizes users with imaging and 

ultrasound equipment. Simulated practice is increasingly used in 
health education to acquire and maintain skills.13 The development 
of expertise requires deliberate and sustained practice, making this 
learning strategy crucial.14 However, it is currently considered ethi-
cally unacceptable for inexperienced learners to practice with real 
patients to develop their skills. In addition, technological advances 
have significantly transformed procedures in the surgical field, as the 
advent of minimally invasive surgery and ultrasound-guided proce-
dures demands adaptation by professionals and trainee residents to 
these technologies.13,14 The lack of experience in certain areas often 
leads to high-risk situations and complications.13,15 Ali developed a 
3D-printed model using polylactic acid filament based on the renal 
and pyelocaliceal anatomy from contrast-enhanced tomography of 
a patient with nephrolithiasis.2 They used this model with a group 
of novices and compared their results with those obtained by a sec-
ond group using the URO MentorTM surgical simulator. The group 
using the non-biological model demonstrated better outcomes and 

Figure 1.  Model building. (A) Plastic mesh suited for the area of the inner base of the container. (B) Adjust the size of the plastic mesh to fit 
the container base. (C) Pitted olives. (D) Thread the olive’s interior with a piece of string and knot it to the plastic mesh to prevent floating 
when gelatin is poured; each olive represents a target. (E) For dense gelatin concentration, use 160g gelatin (300 bloom) per liter of water. 
Boil, stir, and add 1 tablespoon Psyllium-Plantago. Pour into a container and cover olives at the base until 8 cm thick. When the mixture is 
firm, apply a thin layer of liquid latex to the surface. (f) Ultrasound image of the model to puncture.
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superior results for PRA. Bozzini, employing a similar construction 
model that included the anatomy of the posterior abdominal wall, 
demonstrated similar results with a larger sample of approximately 
110 novices.16 Karagozlu conducted a study that was similar in struc-
ture to ours. Their study presented a model comprising 3D-printed 
collecting system prototypes inside a rubber and foam box to urolo-
gists and novice groups. After continuous use, they confirmed that 
the participants had acquired the necessary skills to perform PRA 
with fluoroscopic guidance.9 However, a literature search found no 
evidence regarding using non-biological gelatin-based models for 
skill acquisition in PRA. This model achieved similar results (P < .001) 
to those obtained with 3D-printed models because the quality of the 
image observed with ultrasound guidance is crucial for a successful 
puncture.2,9

Our study found that the residents could acquire new skills 
effectively using the model. The residents demonstrated their 
expertise in ultrasound scanning by accurately performing the 
puncture and reducing the time required for a successful punc-
ture. These 3 parameters are critical in a professional setting, 
such as the operating room. This accomplishment is like the skill 
acquisition demonstrated by the evaluated groups in the studies 
mentioned.2,8,9,16

Now that this model is comparable to existing models with the same 
purpose,2,8,9 one of its strengths is its affordable cost due to the sim-
plicity of the materials needed for its construction. This aspect is 
significant because it can provide coverage to a large trainee pop-
ulation in hospitals that cannot afford expensive models. Several 

Figure 2.  Bar chart: the frequency of responses obtained from experts for validating the training model for ultrasound-guided percutaneous 
renal access.
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studies with tasks and skills like those used to validate this model 
have been conducted recently. These studies used more advanced 
non-biological models and obtained the same significant P-values 
for tasks such as ultrasound scanning of the calyx to be punctured 
and the time required to perform the puncture.2,9 Similarly, in stud-
ies with a study design like ours, the sample of urologists was sub-
jected to an evaluation questionnaire after using the model that 
provided approving ratings for statements, as presented in Table 1. 
However, these studies achieved much better scores for the anatom-
ical variation of the model and the approach to different patholo-
gies.2,11,9 Because ultrasound-guided puncture remains one of the 
primary objectives of this model, it has emerged as a safe, valid, and 
affordable alternative for practice in this approach. The urologists 
should perform their percutaneous access. A study by Watterson 
found lower complications (5 vs. 15; P = .02) and a higher stone-free 
rate (86% vs. 61%; P = .01) when PRA was performed by a urologist 
instead of a radiologist.17

Finally, the current model is subject to certain limitations. Although 
the tissue sensation was satisfactory in the study’s first phase, it 
falls short compared to real-life scenarios. The container and gela-
tin used in the construction did not resemble human renal anatomy 
or a collecting system. Therefore, this model cannot simulate renal 

mobilization and complications. The number of study participants 
was limited. The aim was to increase the sample size in future studies.

This model for practicing percutaneous renal puncture is easy to 
build, reproducible, and cost-effective, significantly enhancing the 
skills of the resident to increase success and safety when performing 
ultrasound-guided percutaneous access in patients.
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Table 3.  Comparison of Skills Before and After the Use of the Model by 
a Group of Novices; Initial Measurements vs. Final Measurements, n = 12

Skill Before After P
Placing or turning on the 
modela

​
4 (33.3)
7 (58.3)
1 (8.3)

​ <.001

  Not completed 0
  Partially completed 0
  Completed 12 (100)
Parameters adjustmentb ​

4 (33.3)
6 (50)

2 (16.7)

​ .054
  Not completed 1 (8.3)
  Partially completed 5 (41.7)
  Completed 6 (50)
Ultrasound scan c ​

3 (25)
6 (50)
3 (25)

​ .001
  Not completed 0
  Partially completed 0
  Completed 12 (100)
Ultrasound-guided 
punctured

6
(50)

6 (50)
0

​ .001

  Not completed 0
  Partially completed 6 (50)
  Completed 6 (50)
Puncture time (seconds) e 106.5 ± 

69.2
40.5 (22.2-121.7) .002

Values presented in frequency and percentage, P-value obtained by the chi-square 
test for linear trend.
aIt is considered partially completed when the participant was able to turn on the 
machine but cannot use the probe, completed when they can use the ultrasound probe.
bIt is considered completed when the participant was able to adjust all the param-
eters and partially completed when only adjusted 2 to 4.
cIt is considered completed when the participant was able to scan all the targets 
and partially completed when only scanned some targets.
dIt is considered a completed or successful puncture when the needle was inside 
the target and allowed for the mobilization of the olive, partially completed when 
the puncture was in the olive but not in the center.
eValues presented as mean ± SD; median (percentile 25-75); P-value obtained by 
Mann–Whitney U test.

Table 4.  Validation of the Model Through the Differences in Skills 
Between the Inexperienced Group and Expert Doctors

Skills

Inexperienced 
Group After 
Use of the 

Model, n = 12

Group of 
Urologists 

n = 7 P
Placing or turning on the 
model

​
0
0

12 (100)

​ –

  Not completed 0
  Partially completed 0
  Completed 7 (100)
Parameters adjustment ​

1 (8.3)
5 (41.7)
6 (50)

​ .306 b

  Not completed 0
  Partially completed 2 (28.6)
  Completed 5 (71.4)
Ultrasound scan ​

0
0

12 (100)

​ –
  Not completed 0
  Partially completed 0
  Completed 7 (100)
Ultrasound-guided puncture d ​

0
6 (50)
6 (50)

​
0
0

7 (100)

.044 a

  Not completed
  Partially completed
  Completed
Puncture time (seconds) c 40.5 (22.2 – 

121.7)
19.1 ± 6.9 .018

Values presented in frequency and percentage.
aP-value obtained using Fisher’s exact test.
bP-value obtained by the chi-square test for linear trend.
cValues presented with median (percentile 25-75); mean ± SD; P-value obtained by 
Mann–Whitney U test.
dIt is considered a completed or successful puncture when the needle was inside 
the target and allowed for the mobilization of the olive.
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