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Abstract

Purpose This study would like to develop a novel model similar to human prostate in terms of its texture profile, sensation
upon resection, and anatomical hallmarks for resident transurethral resection of the prostate (TUR-P) training.

Methods Ten phantom designs were proposed, using broadly available ingredients and a homemade protocol. Three steps of
evaluation and development were done: objective measurement measuring texture profile (e.g. hardness, elasticity, cohesive-
ness/consistency, and adhesiveness/stickiness) using TA-XT2i Texture Analyzer (Llyod Instruments, Ametek Inc) to compare
the designs with human prostate, finding the most similar design to prostate; expert consensus by a panel of urologist/senior
residents comparing the simulation of TUR-P on the selected design with pre-existing control phantom; and anatomical
design development using 3D printing for molding.

Results Texture profile analysis for mean hardness, elasticity, cohesiveness/consistency, and adhesiveness/stickiness of human
prostate was 3753.4+673.4, 85+ 1.9, 0.7+0.03, and 0, respectively, and design IX was the most similar to human prostate
(3660.7+465.6, 87.0+2.5, 0.6 +0.05, 0). Furthermore, expert consensus showed superiority of design IX compared with
pre-existing control phantom (16.95 +1.36 vs 8.86+3.10; P <0.001). Most of the respondents agreed that the texture, con-
sistency, and phantom ability to mimic human prostate upon resection were similar with human prostate, though hallmarks
of the prostate e.g. veromontanum, and lobes were lacking. We used these feedbacks to develop a mold, designed to produce
these important anatomical hallmarks.

Conclusion This study developed a cost-effective prostate model from a food-based design that is similar to human prostate
in terms of its texture and sensation upon TUR-P resection provided with important anatomical hallmarks.
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Introduction to the high burden BPH in the country, the management

of BPH, specifically TUR-P procedure, is essential for all

Benign prostatic hyperplasia (BPH) is a common pathologi-
cal condition among adult men who have reached their six-
ties. Based on the data taken from Cipto Mangunkusumo
National Referral Hospital (RSCM) in 1994-2013, a num-
ber of 3804 cases of BPH were reported with mean age of
66.61 years [1]. Many surgical techniques are available to
treat BPH, but transurethral resection of the prostate (TUR-
P) act as the gold-standard treatment for the disease [1]. Due
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urologists.

In the course of their training, it is important that urol-
ogy residents develop surgical and technical skills for
every procedure, reassuring the mature skills prior to
operation on real patients [2]. This step needs consistent
practice and supporting facility such as dry lab for surgi-
cal simulation [2]. Dry Lab became an integral part of
surgical education, especially in urology, by offering an
opportunity to practice on instrumental phantoms, prevent-
ing misconduct during the surgery, and achieving patient
safety. Dry lab also enables supervisors to evaluate psy-
chomotor skills of the residents before allowing them to
proceed, performing the procedure on real patients [3].
Surgical residents may gain experience and expertise in
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utilizing the tools within the dry lab environment, which
has lesser stressors compared with the operating room [4].
With all things considered, the application dry lab in surgi-
cal education may increase learning curve, thus benefiting
the future practice relating to the specific procedure being
simulated.

For TUR-P procedure, it is important for urologist to
understand the basic anatomy and features available in
human urinary system, especially the prostate [2, 5]. Fur-
thermore, providing a similar simulation mimicking resec-
tion of the human prostate is the ultimate goal for dry lab
training of TUR-P procedure [5]. Prostate phantom becomes
an essential key instrument in TURP training, and its dimen-
sion and consistency should be able to emulate human pros-
tate [5]. Limbs and Things Ltd. from Bristol, United King-
dom, has created a TURP trainer, which enables the trainees
to perform resection on the phantom; however, the phantom
in this simulator is still limited in providing similar consist-
ency and motoric sensation during prostate resection due to
its hygroscopic form, which makes it easily deformed [2,
5]. The phantom also costs around 117 euro which is not
applicable to use in developing countries. Other approach is
using virtual reality (VR) and haptic system, but it does not
give the same feel as resecting the real human tissue [6-8].

In local setting, RSCM has started TUR-P training since
2010 by using a formalin-soaked tofu (bean curd) phantom.
The prostate phantom is formed by soaking the tofu in 10%
formalin solution for 24 h, unfortunately this prostate phan-
tom did not produce the same sensations in the resection of
human prostate, since it is considered too fragile.

To achieve better simulation experience, the objective of
this study was to develop a model, most similar to prostate
model composition, which will achieve the same consistency
to the human prostate; inexpensive; and easy to produce;
therefore, providing benefits for future urologists to train
themselves while emulating the same feel as the human
prostate.

Methods

A cost-efficient single-use homemade model was designed
to mimic the texture and sensation of a human prostate. Ten
designs/compositions were selected for further evaluation
(Table 1). Evaluation for the proposed design was done in
two stages, objective measurement and expert consensus.
Objective measurement was done by directly comparing
the texture profile parameters of the ten design models with
human prostate. Expert consensus was done by a panel of
expert consisting of urologists and senior residents, review-
ing the selected design (the most similar to human prostate)
with pre-existing control phantom for TUR-P simulation.
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Table 1 Designs of proposed prostate model

No Ingredients

Ground beef (g) Tapioca Egg Mackerel (g) Starch
flour (g) whites flour

(tbsp) (€

I 100 20 1 - -

11 100 20 2 - -

111 100 - 2 - 30

v 100 - 3 - 30

A% 150 - 4 - 30

VI 50 - 1 - 50

VI 50 - 1 - 40

VII - - - 200 50

X - - - 150 50

X - - - 175 50

Objective measurement

Ten prostate designs were prepared and cooked using a
uniformly made protocol. All the ingredients were mixed
in a form of dough, beaten, and evenly prepared in an
aluminium tray sized 7 X7 X5 cm. The dough was then
covered with cloth and steamed for two and a half hours, in
100 °C heat. A lumen presenting the urethra was made at
the center of the product using a bobba straw with approxi-
mate diameter of 2 cm. Reference texture parameter was
taken from human prostate through by-products of TUR-P,
and was prepared for texture analysis. All prostate samples
with less than 2 cm of thickness were glued using transglu-
taminase (meat glue) and was rested overnight in — 20 °C.
The product was made into small cubes for compression
by the texture profile analyzer. Texture parameters were
measured using Lloyd Texture Profile Analyzer, TA-XT2i
(TA plus, Llyod Instruments, Ametek Inc.) using Texture
expert software (Szczesniak, 1990) in the food science
department of Institut Pertanian Bogor (IPB) (Fig. 1).
Four outcome parameters obtained from the texture pro-
file analysis curve were included, namely hardness, elas-
ticity, cohesiveness/consistency, and adhesiveness/sticki-
ness. Hardness is defined as the force needed to compress
samples, elasticity is defined as the rapidity and degree of
recovery from a deforming force, cohesiveness/consist-
ency is defined as the degree to which the material can
be deformed before it breaks, and adhesiveness/stickiness
is defined as the work/force necessary to overcome the
attractive forces between the surface of the product and the
surface of the probe that came in contact. All parameters
are internationally recognized in food science field. Each
designs and prostate samples underwent two successive
compression cycles performed at a constant displacement
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Fig. 1 Texture profile analysis
(left) TA-XT2i Lloyd Texture
Profile Analyzer; (right) graphic
of texture analysis of the models

rate of 1 mm/s, using 205 g force. The material was com-
pressed 50% of the original height, and the return height
at the secondary compression was 5 mm above original
height. Statistical analysis using independent 7 test were
then done to compare all the parameters of each of the
designs with the prostate as a reference.

Expert consensus

Expert consensus was done by a panel urologists’ and senior
residents experience in doing TUR-P procedure on the pro-
posed prostate model design with a control model (Fig. 2).
The panel consisting of all consultant urologists and senior
residents of Cipto Mangunkusumo National Referral Hos-
pital with minimum 50 experiences of TUR-P procedure
before the time of consensus. We compared the most simi-
lar design to human prostate (design IX) from the previ-
ous evaluation with a control model that is widely used for
TUR-P training with similar cost to our design. The con-
trol model for this study was large potatoes that were hol-
lowed for urethral lumen, as it is one of the commonly used
affordable model worldwide. The consensus consists of four
criteria, involving the similarity of texture and appearance,
similarity of cohesiveness/consistency, similarity of experi-
ence on simulation, and likelihood for recommending the
design model. Each of the criteria were initialy statistically

Fig.2 The designed prostate
model and simulator
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evaluated using Cohen’s kappa measure for inter-rater reli-
ability (n=10) with a result of 0.783 (P value 0.011), 0.615
(P value 0.035), 0.615 (P value 0.035), and 1 (P value
0.002), indicating substantial to perfect agreements. Data
were reported using a Likert scale, scoring each opinion/
answer from the questionnaire as numbers, 1 for strongly
disagree, 2 for disagree, 3 for neutral, 4 for agree, and 5 for
strongly agree. An overall score was then computed, rang-
ing from 0 to maximum score of 20. Comparison between
the chosen design (design IX) model and control model was
done using a statistical study of independent T test.

Results
Objective measurement

We evaluated the texture parameters of ten prostate models
and human prostate. Each of the designs and human pros-
tate was measured on a minimum of seven samples using
Lloyd Texture Profile Analyzer (TA-XT2i, Llyod Instru-
ments, Ametek Inc.) using the pre-adjusted settings. Mean
hardness, elasticity, cohesiveness/consistency, and adhe-
siveness/stickiness of human prostate were 3753.4 +673.4,
85+1.9,0.7+0.03, and 0, respectively. All ten designs were
also measured accordingly, and results were presented on
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Table 2 Texture parameters of prostate model

No Hardness P value* Elasticity P value* Cohesiveness/ P value* Adhesiveness/ P value*
consistency stickiness

Prostate 3753.4+673.4 ref 85+19 ref 0.7+0.03 ref 0 ref

I 802.1+£54.3 <0.001 742+8.4 0.005 0.6+£0.01 0.002 12.3+£2.0 <0.001

II 823.8+40.7 <0.001 753+£2.7 0.005 0.6+£0.01 0.002 127£1.7 <0.001

111 780.2+£180.3 <0.001 72.1£100.1 0.001 0.6+0.01 0.001 125+1.8 <0.001

v 778.9+£170.1 <0.001 70.9+4.0 0.001 0.6+£0.01 <0.001 13.0+£4.6 <0.001

\% 1334.1+£76.1 <0.001 76.1+£2.2 0.002 0.7+0.04 0.153 10.7+£3.7 <0.001

VI 1395.1+ 146 <0.001 77.0+£2.3 0.009 0.7+£0.02 0.219 24749 <0.001

VII 1372.2+150.3 <0.001 743138 0.002 0.7+0.01 0.541 232436 <0.001

VIII 4314.9+651.1 0.137 82.6+1.9 0.368 0.6£0.05 0.016 0 1

IX 3660.7 £465.6 0.899 87.0+2.5 0.751 0.6£0.05 0.197 0 1

X 2973.9+378.6 0.055 80.8+3 0.147 0.6+0.04 <0.001 0 1

*Statistical analysis was done using independent 7 test on each of the design compared with the human prostate. P value >0.05 is not signifi-

cantly different

Table 2. Statistical comparison was also done to compare
each of the designs with the prostate as a reference value.
Among the ten designs, design number IX was objectively
more similar to the human prostate samples in terms of its
mean hardness, elasticity, cohesiveness/consistency, and
adhesiveness/stickiness (P value 0.899, 0.751, 0.197, and
1, respectively).

Expert consensus

Following the objective measurement, the most similar
design (number IX) was continued for the evaluation for
expert consensus. We compared the prostate model with
a commonly used affordable phantom in international set-
ting, large potatoes, as a control. Comparison was done on
the simulation of the TUR-P resection between the selected
model compared with the control using the same simulator
kit present in Department of Urology, Cipto Mangunku-
sumo National Referral Hospital (Fig. 2) and Olympus
(Olympus Medical, Tokyo, Japan). 26 Fr resectoscope and
0.9% normal saline (NS) were used as an irrigant. From
a panel consisting of 22 urologists and senior residents,
our study reported a mean overall score of 16.95+1.36
for the selected design model compared with 8.86+3.10
for the control phantom. The score for our selected design
model was significantly higher with P <0.001 in compari-
son with the control (Fig. 3). Amongst the questions within
the questionnaire, most of the respondents agreed that the
texture, consistency, and phantom ability to mimic human
prostate upon resection were similar to the human prostate
(5 strongly agree, and 16 agree) while only one answered
neutral. About 9 respondents strongly agreed to recommend
the model for future use, while 13 others agreed. None of the
respondents answered neutral, disagree, or strongly disagree.
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Fig.3 Overall review scores of TUR-P models by urologists and sen-
ior residents. *Statistical analysis was done using Mann—Whitney test

The complete comparison between the respondents’ answers
on the selected design and control is presented in Fig. 4.
Upon the feedback given, most of the feedback were to
improve the anatomical hallmark of the prostate phantom,
eight respondents recommend the inclusion of veromonta-
num, while ten respondents requested for inclusion of visible
enlarged lobes.

Development of anatomically similar to human
phantom design

Using the feedback from the consensus, we developed a 3D
mold design to create anatomical hallmarks of prostate phan-
tom to imitate the human prostate (Fig. 5). The dimension
of prostate was designed with a volume of 50 30X 50 mm,
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Fig.4 Urologists’ and senior
residents’ answers upon review
questionnaire comparing
designed model with control
model
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urethral length of 30 mm, and diameter of 13 mm. Distin-
guishable veromontanum and lateral lobes were designed for
the mold to better illustrate the human prostate.

Discussion

The role of dry lab training in residency module has become
influential in increasing the learning curves of residents
while still maintaining the safety of the patients [2]. A good
model may provide sufficient opportunity to develop surgical
and technical skills for every procedure, through replicating
the basic anatomy and characteristics of the involved organs
[2]. The development of a model that may emulate real
organs, will benefit the residents to get more familiarized
with the procedure; therefore, increasing the experience and
mastery. Given the chance to get familiarized with the tech-
nique in dry lab where less stressors/pressures are present
in comparison with the operating table will help develop a
good learning curve and minimize unwanted complications,
as suggested by previous studies. For transurethral resec-
tion of prostate specifically, it is important for residents to
become familiarized with the consistency of the prostate,
the feel and the products of TUR-P from the prostate, the
manoeuvrability within the surgical field within the prostate,
and the important hallmarks that may affect the technique of
surgical procedure [5].

Current available simulators and phantoms for TUR-P
training are limited to either being too simple and cheap
[9-12] or too sophisticated and costly [7-13]. Simpler
models, are present as varying forms, from using poultry,
beef, and pork sausages [9], vegetables e.g. large potatoes

Review of Designed Model

Recommending model

M Disagree ™ Neutral Agree Strongly Agree

Review of Control

Recommending control

Disagree Neutral Agree Strongly Agree

[10], and cadaveric prostate from human [11]. These sim-
pler models are affordable and may provide true resection,
resulting in TUR-P products, albeit may not resembling
real TUR-P products of the human prostate. Some known
simple models are being used in current practice, such as
apples, potatoes, sausages, and cadaveric prostate. How-
ever, these models are still unable to provide similar tex-
ture of the human prostate, as models like sausages and
cadaveric prostate are too soft [9, 11], while apples and
potatoes are often too hard to resect and provide luminal
space which is difficult to maneuver in Ref. [8]. Further-
more, the major drawbacks of these simpler models are
their inability to emulate the urinary system (specifically
the prostate), in regards to the anatomical hallmarks and
functional mechanisms of the urinary system [7]. On the
other hand, recent development of the more sophisticated
virtual reality (VR)-based simulator has enabled real time
simulation of TUR-P by providing a visual imitation of
the prostate anatomy and functional traits of the system
such as bleeding and vital signs changes throughout the
procedure [7, 8]. The advantages of these models have
given residents opportunities to get familiarized with pros-
tate anatomical hallmarks, to attempt control of fluid flow
and bleeding, and to observe the effects of their handling
towards vital signs of the patients [8, 13]. However, one
main limitation of the VR system is its lack of material to
resect on [8, 13]. The VR system consists of a void com-
partment with kinetic sensors connecting to the system
which will convert any movements into visual output on
the monitor [14]. The system does not provide any sub-
stance to be truly resected on, meaning no motoric sensa-
tion of resecting the prostate is provided [14]. It became a
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Fig.5 Molded design of the
prostate model. a 3D mold
design of the prostate model
printed by a 3D printer, b the
molded product of the prostate
model, ¢ resected prostate
phantom

great loss, as the motoric sensation in prostate resection is
one of the main factors that may help residents to develop
skills and control in doing TUR-P procedure.

We decided to choose a food-based design for our pro-
posed model to develop an easily made model costing less
than other available factory-made models, that could be eas-
ily reproduced by all centers. Another main reason of using a
food-based model consisting of animal meat in its composi-
tion is to achieve a prostate model that would simulate the
resection on the human prostate, as similarly as possible.
One known available commonly used model is sausages,
which is said to be an affordable and effective option for
TUR-P simulation [9]. The drawback of using sausage is
its low availability in certain regions/country and its het-
erogeneous composition. We decided to create an alterna-
tive model with ingredients that are generally available in
all area. We included all types of flours for our proposed
designs to harden and avoid dispersion of the model upon

@ Springer

resection, with a certain amount of elasticity and consist-
ency. We also tried to adjust the amount of the flour included
to reduce the stickiness, so the composition would simulate
the resection on the prostate better. In our selected model,
we found out that a recipe consisting of mackerel (fish) and
starch flour with specific amount would result in a texture
profile similar to those of prostate.

This study has successfully developed a prostate phantom
design that is objectively and subjectively similar to human
prostate upon TUR-P. The aim of this study is to develop a
cost-efficient design which focuses on the kinetic aspect of
the simulation, therefore, emulating the motoric sensation of
resecting a real human prostate. As the first study to meas-
ure the texture of human prostate, our study has achieved
most similar hardness, elasticity, cohesiveness/consistency,
and adhesiveness/stickiness of a prostate phantom design
to human prostate. The selected prostate phantom design
was further tested for resection, while being reviewed with
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experienced operators, consisting of urologists and residents.
This consensus resulted in an outstanding review preferring
the newly developed design model. Furthermore, this phan-
tom is ahead in its economic value, as each single use of this
phantom only costs about 4 USD per unit [13].

The biggest advantages of our phantom are its ability to
demonstrate the feeling and sensation of resection and to
provide results of a resection as similar to TUR-P on human
prostate. The review from the urologists upon resection on
the phantom was all positive, mostly praising its consist-
ency/cohesiveness and its non-stickiness on the bipolar
cautery. This finding is also in accordance to our objective
finding on the texture profiles of our phantom that closely
resembles the prostate. The result of the resection on the
phantom produced resected areas and prostatic chips that are
very similar to the TUR-P in human prostate. As the resected
areas imitates real prostate, the resident should be able to
learn the targeted result of a TUR-P procedure, knowing
when to stop and when to continue the resection. The burnt/
resected chips are also easily mobilized, making it easier for
the operator to manipulate the surgical field.

Although the main focus of our study is to develop a
phantom that enables resident to experience the motoric
sensation in resecting the prostate, our study also tried to
bring the important anatomical hallmarks of human pros-
tate to the phantom. Three important domains were covered,
which are the lumen size and diameter, length, and struc-
tures of lateral lobes and veromontanum. It may not provide
the exact resemblance of the human anatomy as given by
the VR-based simulator; however, we concluded that the
anatomical hallmarks are beneficial in accommodating the
residents to be familiarized in doing the procedure using
operational standards. The limitation of the study includes
its short longevity and its inability of providing the physi-
ological dynamics throughout the procedure as provided by
VR system. The short longevity of the phantom is due to the
composition of the phantom which is food based, specifi-
cally using mackerel as its main ingredient. It may not be as
optimal if being used more than 3-5 days after production,
as food-based materials are often spoiled which will affect
heavily on its texture and consistency. Furthermore, provid-
ing the physiological dynamics of the simulation e.g. vital
signs and bleeding requires complex programming and a
robust number of funding.

There are limitations of the methodological aspects of
our research. Our study was not yet able to assess the result
of our design model for resident learning curve in the long
run. Our study currently focused on the development of the
model, and in future, it should be continued to evaluate its
effect on residents learning curve on affecting the clinical
outcomes to the patients. The 3D model described in the
study was also still in the initial phase, and should be devel-
oped further to achieve an anatomically similar model to

the human prostate. We plan to construct a mold from a 3D
reconstruction of normal human prostate MRI in our next
project. Because we only evaluate the prostate product of
TURP for texture analysis, we currently can only provide
general texture of the prostate, and could not asses or evalu-
ate if the texture of different part of prostate would also be
different. There may also be small difference of texture pro-
file due to the resection.

As our study is an early phase of a continuing simulator
system development, the current study is the first stepping
stone to achieve the ideal simulator for TUR-P dry lab train-
ing. Future study in developing a simulator covering all the
organs of the urinary tract, that is modeled to imitate the
real human urinary tract anatomy in terms of its measure-
ments and hallmarks. The next step is to develop the human
mimicking prostate model to achieve high longevity and pos-
sibility for mass production by developing a model made
from silicon composition that provides similar texture to
this study. Long-term plan of the study is to incorporate an
augmented reality system, with the current prostate phantom
as a single use reloadable phantom and the urinary tract
simulator.

Conclusion

This study has developed a cost-effective homemade pros-
tate model that is objectively and subjectively similar to
human prostate in terms of its texture and sensation upon
TUR-P resection provided with important anatomical hall-
marks. Future development is planned for the whole urinary
system than may help emulate the procedure similarly to
in real human, possibly integrating the augmented reality
system in the simulation.
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