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Abstract
Background: Percutaneous nephrolithotomy (PCNL) is a complex surgery and has a flat learning curve. Due to this
and the ethical issues, trainees do not get enough hands on exposure. Virtual simulator is very expensive and bulky.
Animal model requires legal clearance. This inexpensive portable homemade PERC Mentor (IPHOM) teaches all the
major aspects of PCNL surgery. This article has shown the way to make this model and its validation study.
Methods: IPHOM can be made at home with carton box, ball bearings, LED torch and some hospital wastes. After a
short demonstration of IPHOM, 14 residents and 4 urologists were given 8 tasks to perform on it followed by 15-min
supervised practice exercise on day 0 and day 1. Their performance was reassessed on day 2 and 3. Response to 17
feedback points was recorded on a seven-point Likert scale.
Results: There was significant difference between the performance of expert and novice on day 0. Expert completed
all the tasks in less time and no. of attempts. The time for tract dilatation and duration of radiation exposure were
significantly less in the expert group. The performance of both expert and novice improved on day 2 and 3, but the
improvement was significantly more in novice. Response to the feedback points showed no difference between
expert and novice (p > .05).
Conclusions: We have found that training on IPHOM has improved the concept and skills of PCNL in residents. The
simplicity and low cost of the model make it constructible at home.
Keywords: C-arm, PCNL, PERC Mentor , Training, Simulator
1 Background
Urolithiasis is one of the most common presentations in
urology OPD. One of the methods of treating renal stones
is PCNL. It is a complex surgery with flat learning curve
[1]. There are ethical issues in giving this complex surgery
to a trainee to perform on a patient. The surgery involves
not only the surgical aspects of handling the tissue, but
also the radiological aspect of visualizing the kidney in
C-arm in an imaginary 3D structure from the 2D image.
Apart from tissue injury and contrast extravasation by a
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wrong puncture, multiple firing of C-arm by an untrained
trainee leads to increased radiation exposure to OT staff
and the patient [2]. The tense OT atmosphere and pressure of completing the case in time do not allow the
resident to learn this complex surgery with a free mind.
Animal models require logistics of the animal laboratory,
processing of animal, availability of OT and C-arm and
legal clearance which is difficult in the present scenario
[3, 4]. There is also a risk of infection from animal tissues.
Virtual PERC simulators are very costly [5]. Though these
mentors also teach about lower tract endoscopic procedures, our residents are already doing these across various centers. Our new innovation IPHOM is an extremely
low-cost, homemade and lightweight mentor with an
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internal C-arm, which teaches all the major aspects of
PCNL till the dilatation of tract

2 Methods
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mediolateral direction. LED torch bulb connected with
push-button switch simulates C-arm foot pedal (Fig. 3b
and c).

2.1 Construction of IPHOM

PERC Mentor Box: Carton box of dimensions of
45 × 45x35cm (LxHxW).
Rib and vertebrae are made of cardboard placed in the
box (Fig. 1), laminated white paper to simulate skin surface which captures the calyceal shadow (Fig. 2).
Kidney replica and C-arm: Calyces are made by used
needle cap or used laboratory pipettes or straw. Straw
is glued to use PCN sheath. Needle cap and pipettes are
glued to the dropper which is easily available from used
pediatric syrup which is then mounted onto the chest
tube trocar. The advantage of using the dropper is that it
is cheap and easily available. Due to hollow lumen, it can
be easily mounted on the trocar and is changeable, so on
the same trocar, a dropper with variable calyceal anatomy
can be mounted and practiced (Fig. 3a). C-arm is made
of cardboard sheets that are cut and joined to make a
U-shape (horizontal) and L-shape (vertical) arm (Fig. 3c).
Two ball bearings are attached at the end of the horizontal arm, move the C-arm in the craniocaudal direction, and the one attached at the center moves it in the

Fig. 1 IPHOM box

2.2 Validation of the model

The protocol was approved by the institutional ethics
committee (No-114/2020). Nine urology residents and
five general surgery residents were grouped as novice,
and four urologists as experts participated in this study.
Urology residents had varying degrees of experience of
PCNL, from observing (three Ist year trainees), assisting
(three 2nd year trainees) to assisting and performing at
least 2 surgery under supervision (three final-year residents). General surgery residents had never seen PCNL
before. Experts had performed at least 150 PCNL surgeries. After a short introduction of IPHOM and PCNL,
they were asked to perform 8 tasks from identification of
posterior calyx to dilatation of tract on day 0 (Table 1).
Their initial performances along with the duration of
exposure to LED light (equivalent to the radiation exposure in a real scenario) while placing the guidewire and
tract dilatation were recorded separately. After the supervised practice for 30 min on day 0 and day 1, their performances were reassessed on days 2 and 3. A seven-point
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Fig. 2 a Replica of Calyx and Spine and b Calyx image captured on laminated white paper

Fig. 3 a Calyceal replica b Making C-arm foot switch and light arm assembly source using LED torch c C-arm assembly
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Table 1 Comparison of mean number of attempts and time taken for various tasks performed by expert and novice on day 0, 2 and 3
Task given

No of attempts

Identify posterior calyx

Identify needle position with respect
to calyx
Puncture the calyx

Place the guidewire

Perform bulls Eye

Perform gradual descent

Time taken(sec)

Triangulation technique

Tract Dilatation

Duration of Radiation exposure

Expert (n = 4)

Novice (n = 14)

P value

Mean

Std dev

Mean

Std dev

Day 0

1

0

2.21

0.57

0.000

Day 2

1

0

1.21

0.42

0.339

Day3

1

0

1

0

Day 0

1

0

2.64

0.74

0.000

Day 2

1

0

1.28

0.46

0.250

Day3

1

0

1.07

0.26

0.608

Day 0

1.25

0.5

3.35

0.49

0

Day 2

1

0

1.64

0.49

0.022

Day3

1

0

1.5

0.51

0.077

Day 0

1.25

0.5

3

0.87

0.001

Day 2

1

0

1.71

0.46

0.008

Day3

1

0

1.57

0.51

0.044

Day 0

1.5

0.57

2.85

0.36

0

Day 2

1

0

1.64

0.49

0.022

Day3

1.25

0.5

1.35

0.49

0.709

Day 0

1.75

0.5

3

0

0

Day 2

1.25

0.5

2

0.55

0.027

Day3

1

0

1.35

0.63

0.286

Day 0

57.5

5

136

35.33

0.001

Day 2

50

4.08

89.64

39.39

0.066

Day 3

45.25

4.27

56.78

19.57

0.268

Day 0

117.5

34.03

217.72

66.98

0.007

Day 2

85

5.7

140.71

66.99

0.061

Day 3

67.5

9.57

98.64

31.83

0.076

Day 0

87.5

22.17

200

68.15

0.007

Day 2

68.75

2.5

127.14

88.78

0.216

Day 3

53.75

11.08

66.07

20.67

0.275

Likert response to 17 feedback questions was obtained
from each participant.
2.3 Statistical analysis

Paired T test was used to assess the performance of novice and experts on different days. The Student’s T test was
used to compare both the groups on different days and
to analyze the difference in response of face and content
questionnaire [6]. Pearson’s correlation coefficient was
used to determine associations between the experience of
participants with the number of attempts and time taken.

3 Results
Novice took more time and attempts to perform all 8
tasks than experts. Independent T test showed a significant difference in their performance. The difference was
more on day 0 (p < 0.05) in comparison with days 2 and
3 (p > 0.05), indicating that the novice had learned the
skills and performed close to the experts. The mean of
attempts in identifying the posterior calyx and needle

position on day 0 was E = 1;N = 2.2 and E = 1;N = 2.64,
which improved to E = 1;N = 1 and E = 1;N = 1.07
(p < 0.05) on day 3. Similarly for other tasks, Novice
performed close to experts on days 2 and 3 (Table 1).
Within the group, paired T test showed significant
improvement in their performance on days 2 and 3 in
comparison with day 0 (p < 0.05); however, this was
more marked in novice. Guidewire displacement during tract dilatation by novice was 3.5 times on day 0 and
0.9 times on day 3 (p < 0.05). Similarly, mean time taken
for triangulation technique, tract dilatation, and duration of radiation exposure reduced significantly from
day 0 to day 3 (p < 0.05) (Fig. 4). Within the group, there
was no significant difference in performance between
day 2 and day 3. Pearson correlation coefficient was
calculated between the level of experience of operators and all parameters on day 0. A moderate negative
linear relationship ranging from -0.5 in no. of attempts
taken to place guidewire to −0.7 in attempts taken to
cannulate bull’s eye was noted. However, after training
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Fig. 4 Time taken by expert and novice on days 0, 2 and 3 for
triangulation technique and tract dilatation and duration of radiation
exposure during tract dilatation

when correlation coefficient was calculated between
the level of experience and attempts taken to cannulate
bull’s eye, no correlation was noted (r = 0.05). There
was no significant difference in the opinion of novices
and experts in response to the 17 feedback questions
(Fig. 5) with the mean of response in seven-point Likert scale for novice being 6.1 (range 4–7) and for expert
being 5.9 (range 3.5–7)(p > 0.05).

Fig. 5 Response in 7 point Likert scale to 17 feedback questionnaire
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4 Discussion
Halstedian model of teaching one at a time is an ideal
way of teaching, but it is not possible in the current scenario, especially for surgeries like PCNL [7]. It is a complex procedure that involves puncturing the desired
calyx by analyzing the calyceal images and their movements with respect to C-arm movement [8]. This is the
most important step; after this, the stone fragmentation
is done under direct vision which is not difficult and
can be supervised easily. A wrong puncture can lead to
bleeding or contrast extravasation. With practice, one
can learn to puncture the desired calyx accurately. With
the increasing number of residents, adequate handson training is not possible. When residents do the case,
there are more complications and radiation exposure.2
Moreover, there are increasing litigation issues from the
patient side and pressure from OT to finish the case in
time [9]. Alternate training models like virtual simulators (PERC Mentor, Simbionix) are extremely costly
[10]. They are software based, so problems related to
image overlapping and hand to image delay are frequently encountered [11, 12]. It does not have C-shaped
real arms but has the software-based unrealistic C-arm
seen on the monitor where manual movement is lacking, whereas residents have to physically move the C-arm
in different planes in a real scenario. Also, the guidewire is inserted not through the puncture needle but
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from a different slot which is unrealistic. Animal models have issues of license and infrastructure [4, 13]. It is
not available at smaller centers. It requires the processing of tissues; hence, there is a risk of contamination of
OT instruments. OT and C-arm remain occupied during
animal-based training, so the risk of radiation exposure
and damage to the C-arm machine is still there. Karagozlu Akgulet et al. described a nonbiological model for
PCNL training using rubber foam and play dough [14].
But it requires C-arm; hence, risk of radiation exposure
is there. Secondly, there is no provision of placing guidewire and tract dilatation. Zang et al. described another
non-biological model constructed of silicone [15]. Apart
from cost and risk of radiation, the main disadvantage
of this model is that residents have one design to practice, so she/he tends to memorize the anatomy. Turney
et al. made the training model using 3D printing technology using images extracted from computer tomography pictures with a special software [5]. Apart from cost
and need for technology, the long preparation period of
2–3 days and requirement of fluoroscopy are the drawbacks of this tool. If the contrast leaks out, the model is
required to be changed. Similarly, other models based on
3D printing technology are available, but these have similar drawbacks. Sinha M and Krishnamoorthy V described
a low-fidelity training model [16]. They used bottle guard
as kidney replica and C-arm. The main drawback was less
maneuverability of the needle inside the bottle guard.
Apart from this, there was no provision for guidewire
placement and tract dilatation. The model was unrealistic
in appearance and was not radiation-free. Radiation-free
C-arm trainer (SimPORTAL, Minneapolis, USA) consists
of two video cameras mounted on a mini C-arm [17]. The
images produced are processed by computer software to
create an X-ray image of an anatomically accurate silicon
flank model for needle insertion. The drawbacks of this
model were the following: it required a computer with
the software and could not teach guidewire placement
and tract dilatation. Moreover, a couple of sessions on
these high-cost models or real patients do not improve
the PCNL skills significantly as the learning curve of this
complex surgery is up to 60 cases, even more than RARP
[18]. It requires skill to imagine the 2D image of C-arm
into a virtual 3D image and hand–eye coordination
which comes with repeated practice [8]. To solve these
problems, this PERC Mentor has been built using simple things which are easily available at home and hospital
waste products. Unlike a virtual simulator, it is extremely
cheap, homemade, and portable. It has an internal C-arm
that moves in an isocentric manner in mediolateral and
craniocaudal planes. Since the image is captured onto
the laminated white paper, which is also the area of skin
puncture, it does not require the bulky C-arm monitor or
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any electrical connection, which makes it compact and
portable. There is no risk of radiation exposure, limitation of OT time, or risk of injury to the patient. So, the
residents can practice in a stress-free environment. In
IPHOM, guidewire is placed through the PCN puncture needle like it is done in the patient. This feature is
lacking in virtual simulator which has a separate slot for
putting the guidewire which is unrealistic [11, 12]. After
a wrong puncture, one would like to know the position
of the needle with respect to the calyx to have an idea of
the direction of needle tract so that he can correlate it
with the movement of its image in the C-arm This is not
possible in real patient and other training models as one
cannot directly look inside. Our model has a flip-open
mirror system that can be used after the wrong puncture,
and then it can be closed back. On inserting the PCN
needle, two puncture sensations are felt, first at the skin
and second at renal capsule or calyx. The PERC Mentors
available give a haptic feeling of only skin puncture [11].
IPHOM gives the feeling of puncture at the skin (laminated paper) and kidney (calyx tip covered by thin transparent tape). The only consumable required in this model
is the laminated paper; after multiple punctures, it has to
be changed. This can be made at home with transparent
tape and white paper. We have made different calyceal
replicas from simple nonoverlapping distantly placed calyces for beginners to difficult closely placed overlapping
and crossing calyces for more experience and to avoid
memorizing the anatomy of the calyx.
In the validation study, we have found that experts
were significantly better than novice in their initial performance (p < 0.05). Although the experts improved in
subsequent days, novice showed significantly better
improvement, and the difference in the performance
between expert and novice reduced on day 2 and day
3 (p > 0.05). This supports the construct nature of the
mentor, as various techniques, which are used in real
patients and virtual simulators, can also be performed
on this mentor. Paired T test independently showed
significant improvement in the performance of novice from day 0 to day 2 which was reproducible on day
3. In the OT, triangulation technique is generally not
well learned by residents as it requires frequent biplanar movements of heavy C-arm from mediolateral to
oblique [8]. This is cumbersome, so surgeon resorts to
simpler technique like bulls’ eye technique which has
a shorter learning curve [19]. This mentor has easy
C-arm movements due to its light weight; hence, the
residents can attempt multiple punctures and learn the
concept of triangulation technique. Pearson correlation
coefficient showed a moderate negative linear relationship (−0.5 to −0.7). The more experienced operators
took less attempt and time to finish the task. After
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Table 2 Comparison of various PCNL training models with IPHOM
Virtual uromentor

Other low cost mentors [20]

IPHOM

Cost

Extremely costly (> Rs 45,00,000.00) RS 1,50,000.00

Rs 250.00

Manufacturing

Factory (Imported)

Homemade

Factory

Size and portability

Bulky and heavy

Bulky and heavy

Lightweight and portable

External electric connection
required

Yes

Yes

No

Haptic feeling of skin and calyceal
puncture

Only skin puncture is felt

Only skin puncture is felt

Yes [skin(laminated paper) and calyx
(transparent tape covering the ends
of pipette)]

Guide wire placement

Unrealistic way, small guidewire,
placed from side slot and not
through PCN needle

Not provided

Guide wire placement through PCN
needle

C-arm

Virtual C-arm (Software based) No
realistic feeling of manual movement

C-arm (External). Makes it heavy
and bulky

C-arm (Internal) Movable in isocentric
manner. Makes it light and portable

Dilatation over guidewire

No

No

Yes

Real time checking the position of
needle with respect to calyx

No

No

Yes (Flip open mirror to check final
position after the attempt)

Availability of variable calyceal
anatomy for training

Yes

No

Yes

training on IPHOM, this correlation was not seen.
When the correlation coefficient was calculated for the
bull’s eye technique on day 3, no correlation was noted.
(r = 0.05) This suggests that training had obviated the
correlation between the level of experience and cannulation attempts.
In the feedback to the 17 questions, there was no significant difference found in the opinion of expert and
novice. All agreed that the mentor was easy to make
at home, able to teach them the essential concept of
C-arm movement, calyceal positioning, puncturing
techniques and it could be utilized for training purpose.
We have compared the common training models with
IPHOM in Table 2.
There are limitations of this mentor in comparison to
the virtual simulator. There are no respiratory movements. In real patients, contrast is required to visualize calx [8]. In this model, calyces are already visible,
as they form shadow on the laminated paper. After
puncturing the calyx, urine efflux through the puncture needle is not seen, but this feature is also lacking
in high-fidelity simulators [10, 12]. The guidewire cannot be placed in the ureter or in the pelvis as there is
no ureter, so there are high chances of its displacement
during tract dilatation. However, this is rather good
for training, as the resident will get used to the careful handling of the guidewire. Virtual simulators also
teach about ureteroscopy, cystoscopy, and optical internal urethrotomy which this mentor does not [12]. But
most of the residents are already doing the lower tract
endourological procedures and ureteroscopy at various

centers. So, wasting money on software for these procedures is not justified.

5 Conclusions
Teaching PCNL to residents on real patients is not preferred due to safety and ethical issues. Alternatives like
virtual simulators are extremely costly. This article shows
the method to construct IPHOM, a low-cost PERC Mentor, at home. The validation study has shown that the
trainees have learned the concept of image movement in
C-arm, basic renal puncture techniques, and tract dilatation over the guidewire on this mentor. In face and content validation, all participants agree that this training
model is easy to make, low cost and teaches basic PCNL
puncture techniques in a tension-free and radiation-free
environment.
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