
1
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593922308112

International 
Journal of
Health 
Science

v. 3, n. 92, 2023

All content in this magazine is 
licensed under a Creative Com-
mons Attribution License. Attri-
bution-Non-Commercial-Non-
Derivatives 4.0 International (CC 
BY-NC-ND 4.0).

NEW ROBOTIC 
PLATFORM 
FOR FLEXIBLE 
URETEROSCOPY: 
DEVELOPMENT AND 
SIMULATION BASED 
TRAINING

Enrico Ferreira Martins de Andrade
Urology Institute, Santa Virgínia Hospital, 
São Paulo, Brazil
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil

Soraia Quaranta Damião
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil

Caio Pedroso de Andrade
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil

Júlia Oliveira de Alarcon Pinto
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil

Giovanna Yamachita Seabra
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil

Gustavo Alarcon Pinto
Urology Institute, Santa Virgínia Hospital, 
São Paulo, Brazil
Universidade Municipal de São Caetano 
do Sul - Graduate School of Medical, São 
Caetano do Sul, SP, Brazil



 2
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1593922308112

Abstract: Introduction: Indications for the 
treatment of kidney stones using flexible 
ureteroscopy have increased significantly in 
recent years, associated with the increase in 
the number of urologists trained to perform 
this procedure. However, this surgery is long 
and tiring for the surgeon, especially in more 
complex cases of renal lithiasis, leading to a 
loss in the surgeon’s ergonomics.
Objectives: Therefore, a technological 
innovation was devised with the development 
of a prototype robotic system platform, to 
adapt to most commercially available flexible 
ureteroscopes and simulate the movements 
of human hands when manipulating flexible 
ureteroscopes, with greater ergonomics and 
comfort for the urologist and favoring the 
training of residents in urology.
Materials and Methods: The prototype consists 
of two elements: the flexible ureteroscope 
fixation platform and the surgeon’s console. The 
robotic platform has mechanisms controlled 
by motors that perform the movements of the 
flexible ureteroscope: flexion and deflection, 
rotation and advancement in the renal pelvis. 
The console is portable and has a video 
monitor, controlling the movements of the 
ureteroscope using the joystick. The robotic 
platform was developed at a cost of less than 
$10,000.
For surgical training with this new robotic 
platform, a synthetic human model will be 
used for simulation and training of residents 
on our team.
The robotic simulation procedures will use a 
synthetic human model, where six residents 
underwent training in five simulated 
surgeries, with three 5 mm fragments of 
calcium carbonate, simulating kidney stones, 
being positioned in the upper, middle and 
lower calyces of the kidney.
Results: The simulated surgical procedure 
using the robotic platform was successful, 
being tested individually by six residents and 

after the third resident training session, a 
significant improvement was demonstrated in 
the simulation stages of the surgical procedure, 
with fragmentation of all calculations and 
reduction of procedure time.
Conclusions: The universal robotic platform 
for flexible ureteroscopic surgery was initially 
developed for training in kidney stone 
treatment. This mechanism is low cost when 
compared to similar robotic mechanisms 
already in use and can be used for the training 
of residents and urologists who are improving 
their skills in robotic flexible ureteroscopy 
surgeries, also providing good ergonomics for 
the surgeon.
Keywords: Flexible Ureteroscopy, Simulation, 
Robotic, Kidney Stones, Ureteroscopy.

INTRODUCTION
Indications for the treatment of kidney 

stones, using a flexible ureteroscopy surgical 
procedure, have increased significantly 
in recent years, mainly due to the greater 
precision and durability of flexible endoscopic 
equipment. Also, there has been an increase in 
the number of urologists trained to perform 
this procedure. However, this surgery is long 
and tiring for the surgeon, especially in more 
complex cases of renal lithiasis, leading to a 
loss in the surgeon’s ergonomics [1].

Robot-assisted surgical procedures, in 
minimally invasive surgeries, have developed 
in recent years and are based on the 
introduction of console-based manipulators 
that simulate hand movements, improving 
ergonomics and the surgeon’s technical 
quality.

The robotic laparoscopic surgery system 
was initially developed with “Da Vinci Surgical 
Systems” (Intuitive Surgical, Sunnyvale, CA, 
USA) [2]. Desai and colleagues used the Hansen 
device, (Hansen Medical, Mountain View, 
CA, USA) [3-5] designed for cardiovascular 
interventions, to perform robot-assisted 
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flexible ureteroscopy [4,5], however, this 
design was discontinued. Since 2012, ELMED 
(Ankara, Turkey) has successfully developed a 
robot designed specifically for robot-assisted 
flexible ureteroscopy [6], “Avicenna Roboflex”, 
which facilitates endoscopic surgery via the 
uretera for the treatment of kidney stones 
[7–12].

Therefore, a technological innovation was 
devised with the development of a prototype 
robotic system platform, to adapt to most 
commercially available flexible ureteroscopes 
and simulate the movements of human hands 
when manipulating flexible ureteroscopes, 
with greater ergonomics and comfort for the 
urologist. being portable, easy to assemble 
in the operating room, taking up little space 
in the operating room and also favoring the 
training of residents in urology.

MATERIAL AND METHODS
The prototype consists of two elements: the 

flexible ureteroscope fixation platform and 
the surgeon’s console.

The development of the universal robotic 
platform for fixing ureteroscopes (fig.1) has 
manipulation mechanisms using remotely 
controlled motors that perform movements: 
flexion and deflection, rotation and 
advancement in the renal pelvis of the flexible 
ureteroscope.

The platform has a mobile base, with an 
adjustable fixing mechanism, which allows the 
endoscope to be kept in sterilized conditions 
during the surgical procedure.

The console is portable, weighing less 
than three pounds and has two mechanisms 
for controlling the platform. The first allows 
the flexion and deflection of the tip of the 
ureteroscope and the second mechanism 
allows the rotation, advancement and retreat 
of the flexible ureteroscope within the renal 
pelvis. The console also has a portable five-
inch video monitor, which allows endoscopic 

visualization of the procedure in real time. 
Thus, the surgeon’s manipulation console can 
be positioned comfortably at a distance from 
the patient, controlling the movements of 
the ureteroscope using the console’s joystick 
(figs.2,3,4).

The robotic platform was developed 
together with a team of urologists and 
engineers specialized in robotics and the costs 
did not exceed 10,000 dollars.

For surgical training with this new robotic 
platform for flexible ureteroscopy, a synthetic 
human model will be used for simulation and 
training of residents on our team, so that they 
can qualify in the robotic flexible ureteroscopy 
procedure.

The robotic simulation procedures will be 
performed individually by six residents, in 
five simulated surgeries for each resident, with 
three 5 mm fragments of calcium carbonate, 
simulating kidney stones, being positioned 
in the upper, middle and lower calyces of the 
kidney.

Therefore, the risks of scientific research 
are minimal, since it involves the development 
of robotic equipment accessory to the already 
established flexible ureteroscopy surgery 
procedure for the treatment of renal lithiasis, 
which will be tested on a synthetic model.

RESULTS
The simulated surgical procedure was 

successful, with the surgeons performing 
delicate and precise movements with the 
ureteroscope inside the renal pelvis, achieving 
fragmentation of the urinary stones in the 
artificial model of the kidney, using the 
robotic platform.

The procedures were tested individually by 
six residents and after the third resident training 
section, there was a significant improvement 
in the stages of surgical procedure simulation 
(figs.5,6,7), with fragmentation of all 
calculations and reduction in operating time. 
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procedure.

DISCUSSION
In video surgeries, the learning curve 

is higher when compared to conventional 
surgery techniques, and the skills developed 
improve with training using simulators [13,14]. 
Structured and continuous training in surgical 
simulators is most important for developing 
the technique [15]. Surgical simulators can 
be divided into two large groups, those that 
use synthetic models, animals and humans, 
and those that use virtual reality devices and 
electronic models [16].

Their use is proven to help significantly 
improve the knowledge of surgical skills [17], 
thus, training and continuous repetition of 
the surgical technique leads to important 
improvement for the surgeon [18,13, 19].

However, there is still a low application 
rate of simulation in urological training, as 
the costs involved in developing simulators in 
urological robotic surgery are high and there 
is still difficulty in choosing the best models 
for the different training stages. [20]

Thus, the prototype robotic system 
platform for flexible ureteroscopes was 
designed with simple, low-cost, portable and 
accessible material at any time and training 
environment, and can be used as an important 

tool for training residents and urologists in 
this technique.

The prototype was budgeted at US$10,000, 
a value below conventional virtual reality 
models, which are currently used for training 
in centers specializing in flexible ureteroscopy. 
In addition, it provides training in an artificial 
model of renal lithiasis via ureteroscopy, with 
the possibility of an evolution of training for 
an animal model, using female pigs.

CONCLUSION
The universal robotic platform for flexible 

ureteroscopic surgery was initially developed 
for training in kidney stone treatment. This 
mechanism is low-cost when compared to 
similar robotic mechanisms already in use 
and can be used for the training of residents 
and urologists who are improving their skills 
in robotic flexible ureteroscopy surgeries, also 
providing good ergonomics for the surgeon.

This Brazilian technological innovation 
must be improved and encouraged, mainly so 
that the country can develop new technology 
hubs in the area of urology and robotic 
surgery.

Therefore, due to the positive results, 
the development of experiments with this 
prototype must continue to improve this 
robotic platform.
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figs. 1: universal platform

figs. 2: joystick

fig. 3: ureteroscope coupling in the universal platform
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fig. 4: ureteroscope, endoscope camera and light cable coupling in the universal platform

fig. 5: joystickin use

fig. 6: joystickin use

fig. 7: joystick monitorview


