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Abstract
BACKGROUND 
Minimally invasive techniques for treatment of urinary stones requires expertise, 
experience and endoscopic skills. Simulators provide a low-stress and low-risk 
environment while providing a realistic set-up and training opportunities.

AIM 
To report the publication trend of ‘simulation in urolithiasis’ over the last 26 
years.

METHODS 
Research of all published papers on “Simulation in Urolithiasis” was performed 
through PubMed database over the last 26 years, from January 1997 to December 
2022. Papers were labelled and divided in three subgroups: (1) Training papers; 
(2) Clinical simulation application or surgical procedures; and (3) Diagnostic 
radiology simulation. Each subgroup was then divided into two 13-year time 
periods to compare and identify the contrast of different decades: period-1 (1997-
2009) and period-2 (2010-2022).

RESULTS 
A total of 168 articles published on the application of simulation in urolithiasis 
over the last 26 years (training: n = 94, surgical procedures: n = 66, and radiology: 
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n = 8). The overall number of papers published in simulation in urolithiasis was 35 in Period-1 and 129 in Period-2, 
an increase of +269% (P = 0.0002). Each subgroup shows a growing trend of publications from Period-1 to Period-2: 
training papers +279% (P = 0.001), surgical simulations +264% (P = 0.0180) and radiological simulations +200% (P = 
0.2105).

CONCLUSION 
In the last decades there has been a step up of papers regarding training protocols with the aid of various 
simulation devices, with simulators now a part of training programs. With the development of 3D-printed and 
high-fidelity models, simulation for surgical procedure planning and patients counseling is also a growing field 
and this trend will continue to rise in the next few years.

Key Words: Kidney calculi; Urolithiasis; Simulation; Ureteroscopy; Percutaneous nephrolithotomy; Artificial intelligence

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The role of simulation training in the management of kidney stones has evolved. There has been a step up of papers 
regarding training protocols with the aid of various simulation devices, with simulators now a part of training programs. 
With the development of three-dimensional printed and high-fidelity models, simulation for kidney stone procedure planning 
and patients counseling is also a growing field and this trend will continue to rise in the next few years.

Citation: Nedbal C, Jahrreiss V, Cerrato C, Pietropaolo A, Galosi A, Veneziano D, Kallidonis P, Somani BK. Role of simulation in 
kidney stone disease: A systematic review of literature trends in the 26 years. World J Nephrol 2023; 12(4): 104-111
URL: https://www.wjgnet.com/2220-6124/full/v12/i4/104.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i4.104

INTRODUCTION
Minimally invasive techniques for treatment of urinary stones requiresexpertise, experience and endoscopic skills[1]. The 
learning curve to gain precision and accuracy in endoscopic procedures such as ureteroscopy (URS) and percutaneous 
nephrolithotomy (PCNL), and shockwave lithotripsy (SWL), has proven to be steep, leading to the need for training in 
non-operating settings[2]. Simulators provide a low-stress and low-risk environment while providing a realistic set-up 
and training opportunities and example of endoscopic procedures[3].

Different types of simulators can be found in the literature, with various degrees of fidelity or realism, and varying in 
costs[4]. Benchtop simulators are inanimate models that come cheap and are widely available, reusable and portable. 
Being useful for mastering the use of endoscopic instruments, these models are yet not as realistic and seem to be more 
appropriate for novice surgeons[5]. Realistic ex-vivo models, for example animals or human cadavers would in fact be 
more appropriate for advanced training, who need to master more intricate steps and advanced procedures[6].

Animal and cadaver simulators have greater costs than inanimate devices, can only be used once, and can have ethical 
issues[7]. The most recently developed type of simulators is based on virtual reality (VR), a computer-based simulation 
model that can mimic basic procedures as well as advanced interventions, being realistic and able to instantly give 
feedback to the trainees[8]. VR is a reusable simulator with amazing applicability but has high purchase costs and 
unreliable haptics.

Numerous studies have been performed on application of simulators in training of residents and expert surgeons, with 
focus on costs, performance, learning curve and standardized protocols[9]. As gathered from data, simulators are 
increasingly relied on for urology resident training worldwide[10].

Nonetheless, VR simulators, benchtop and three-dimensional (3D) printed models are now being used as tools to 
improve performance of endoscopic procedure in a patient-specific settings[11], for example developing a case-specific 
surgical planning before entering the operation theatre or simulating outcomes of different approaches. In particular, 
several studies reported the application for preoperative simulated puncture in complex PCNL, on different simulator 
models[12]. Moreover, simulators can be used to study performance and comparison of different instruments as laser 
fibers and their settings, endoscopic baskets or flexible scopes, without risking endangering patients in an in-vivo surgical 
procedure[13].

As a tool for enhancing patient-surgeon relationship and counseling, simulators have even been used to improve 
patient understanding of the disease and surgical procedure, resulting in higher levels of postoperative satisfaction[14].

The increasing trend of application of artificial intelligence and its subsets in the management of urolithiasis has 
already been investigated, with promising results[15]. It appears that the application of simulators is spreading in the 
urologic scientific community, from training to research and surgical planning. In this comprehensive review, we aim to 
report the publication trend of ‘simulation in urolithiasis’ over the last 26 years.

https://www.wjgnet.com/2220-6124/full/v12/i4/104.htm
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MATERIALS AND METHODS
Research of all published papers on “Simulation in Urolithiasis” was performed through PubMed database over the last 
26 years, from January 1997 to Dec 2022, using MeSH terms, title words, and key words (Figure 1).

Search strategy and study selection
Cochrane methodology and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines were followed to shape the study design[16]. All papers with relevant abstracts were identified through search 
on online database PubMed from 1997 to 2022.

Keywords used for searching included: “Urolithiasis”, “Kidney calculi” and “Stones”. MESH terms used in this 
screening process were: “Simulation”, “Virtual Reality”, “Augmented Reality” “Mixed Reality”, “URS Simulation”, 
“PCNL Simulation”, “SWL Simulation”, “3D printing”, “Training”, “Training box”, “Bench Training”, “Phantom” and 
“Bench model”. All English and non-English abstracts were screened as there was no language restriction in the study. 
Systematic and non-systematic reviews were included in the study. Studies without a published abstract were excluded, 
as well as animal studies, human cadaveric studies and case reports.

After screening and extraction, papers were label according to subject: Training papers, studies on clinical applications 
or surgical procedures (surgical: URS, PCNL, SWL; instruments performance: Ureteral stent, scope, lithotripter, laser), 
studies of diagnostic (radiology) simulation on phantoms.

To better analyze the trend variation, papers were divided according to time of publication into two time periods: 
Period-1 (1997-2009) and Period-2 (2010-2022).

Evidence acquisition: criteria for including studies for this review
Inclusion criteria: All English language studies with a published abstract; All non-English studies with abstracts 
published in the English language; Studies reporting on simulation in urolithiasis: Training simulations with box 
simulators, phantoms for both diagnostic and therapeutic procedures; Simulations device for surgical planning (URS, 
PCNL, SWL) and patient-specific simulation; Studies of surgical performance using simulators (scopes, ureteral stents, 
laser fibers, lithotripters).

Exclusion criteria: Studies without a published abstract; Studies for non-urolithiasis conditions; Studies on human 
cadavers or animals; Case reports and meeting abstracts.

Two authors (C.N., V.J.) independently performed a literature search to identify studies and discrepancies were 
resolved after input and discussion with the senior author (B.K.S). Extracted articles on simulation were then divided in 
three subgroups according to field of interest: (1) Training; (2) Clinical application; and (3) Radiology simulation 
(Figure 2). Each subgroup was then divided into two 13-year time periods to compare and identify the contrast of 
different decades: Period-1 (1997-2009) and Period-2 (2010-2022).

Data were collected using Microsoft Excel (version 2007), analyzed through the independent t test. A statistically 
significant threshold level was stated at P < 0.05 to rule out possible difference in the data collected form Period-1 vs 
Period-2.

RESULTS
Overall number of papers
A total of 168 articles published on the application of simulation in urolithiasis over the last 26 years (training: n = 94, 
surgical procedures: n = 66, and radiology: n = 8). 164 papers were published in English; only 4 articles had an English 
language abstract and a non-English full paper: 1 in Chinese, 1 in French, and 2 in Russian.

For training procedures, articles included URS training (n = 53), PCNL training (n = 22) or simulation training for both 
these procedures (n = 19). Clinical application of simulation in surgical procedures included articles on URS (n = 29), 
PCNL (n = 26), SWL (n = 5) and ureteral stenting (n = 6). Regarding radiological simulations with phantoms, articles were 
found with application on diagnostic procedures (n = 5) and intraoperative imaging features (n = 3).

The overall number of papers published in simulation in urolithiasis was 35 in Period-1 and 129 in Period-2, with a 
significant increase of +269% (P = 0.0002). Each subgroup shows a growing trend of publications from Period-1 to Period-
2: training papers +279% (P = 0.001), surgical simulations +264% (P = 0.0180) and radiological simulations +200% (P = 
0.2105).

Training simulation papers
Of the 94 papers on simulation for training in endourology, 72 were published in Period-2, accounting for more than 76% 
of current publications.

Analysis of application of simulators for URS (n = 51) shows a significant rise by +225% (P = 0.0016) in Period-2. 
Similarly, simulation papers on PCNL training (n = 21) had a steep increase of +850% (P = 0.0023) in Period-2. Looking at 
simulations with a mixed setting with both URS and PCNL procedures, the rise by +180% was not statistically significant 
(P = 0.1275). In this research, 11 reviews were found, with great interest in residents’ training with simulators, assessing 
learning curves and developing standardized protocols of training. In the last 5 years, from 2018 to 2022, the numbers of 
papers on training with simulation for URS, PCNL and mixed endourological training were 17, 11 and 10 papers 
respectively.
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Figure 1  PRISMA flowchart of the included studies.

Figure 2  Trend of publications on ‘Simulation in Urolithiasis’ (trend line), with different subgroup as Training, Surgical and Radiological 
simulation.

Surgical simulation papers
Publication trend on surgical application of simulators in endourology has increased significantly (P = 0.0180) from 
Period-1 to period-2 (+264%), with 14 and 51 papers respectively.

Analysis of those papers found varied topics from application of patient-specific simulators (benchtop, 3D printed 
models, VR simulators) for surgical planning both in URS and PCNL, simulators of SWL (phantoms, VR) for predicting 
performance of lithotripsy, analysis of stent features in 3D models, evaluation of procedural instrumentation such as 
scopes, lasers, lithotripters and endoscopic baskets during surgical procedures (URS and PCNL).

Papers on simulations in URS (n = 28) rose significantly in Period-2 (+360%, P = 0.0039), PCNL simulations (n = 26) 
increased too (+1100%, P = 0.0181). SWL simulation and ureteral stent simulation on the other had reduced in period-2 (-
33%, P = 0.6983 and -50%, P = 0.5912 respectively).

Radiological simulation papers
Application of simulators in radiology differed in our results from a diagnostic setting (preoperative), with phantoms 
used as tools to test efficiency of examinations, to a surgical setting (intraoperative), assessing quality of imaging and 
reconstructions. These increased from period-1 (n = 2) to period-2 (n = 6), a rise by +200% (P = 0.2105).
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DISCUSSION
The role of simulation devices has been widely analyzed in the last decades, with particular attention to its application for 
training and assessment. Different studies have been proposed to rule out the efficacy in teaching residents’ surgical skills 
in a non-operative setting, mostly with the aim to improve patient safety and reduce harm, while allowing a safe pre-
surgical exposure to trainees[17]. The possibility to experiment difficult steps of endoscopic procedure, surgery that 
requires high level of training and experience, has been in fact a blessing in disguise[18]. The role of simulation in easing 
the learning curve of trainees has been positively reported, as well as its impact in leading the residents through difficult 
procedures in a low-stress setting[19].

Protocolshave then been developed to standardize resident training in a more efficient way[20], proposing different 
steps of expertise and accuracy, sometimes even with the aid of different simulators based on their grade of fidelity and 
accuracy[21].

What emerges from literature is that simulation can play a game-changing role in training. Its applications are almost 
infinite, ranging from easier procedure such as cystoscopic examination[22] and ureteral stent insertion, through to gain 
accuracy with complex procedures such as flexible URS and PCNL. Some models have even been developed to simulate 
unexpected scenarios like ureteral strictures, kinking and complications[23]. This allows trainees to get experience in 
more advanced scenarios without putting patients at risk.

Not every aspect of simulator training is perfect and even the more modern and technological simulators (VR for 
example) often lack enough realistic sensibility to train the haptics, and the absence of stress in a simulated environment 
can be misleading in the training process and may not allow trainees to deal with unexpected events[24].

There is an increasing trend of the use of simulators and simulation training over the last decade, and it is difficult to 
ignore the leading role simulators are playing in surgical improvement[10]. Our research found numerous papers on the 
application of simulation devices, especially phantoms and 3D printed models, for testing new technological devices.

In the studies regarding URS, laser fibers were tested to understand the effect different settings had on the stones or 
soft tissue, comparing different baskets and smaller scopes[25]. In PCNL simulation, the main focus emerged in the 
planning of renal puncture with accuracy and without perforation of neighboring structures[26]. To this aim, several 
studied have been performed in a patient-specific setting with realistic 3D-printed models[27]. As this review found out, 
the role of SWL in stone treatment has become progressively confined with only few papers found on application of 
simulation for SWL, for example analyzing gel propertiesor stone disruption, and none of them has been published in the 
last 10 years[28].

Development of 3D-printed models and VR has also been used in literature as an aid to counsel patients. Anatomically 
accurate models can influence the understanding of a patient’s own disease, along with the surgical procedure, the 
possible complications and outcomes[29]. Recent studies have in fact pointed out the positive correlation that lies 
between the use of simulators in patient counseling and their overall satisfaction, with a positive role on surgeon-patient 
relationship and for avoiding misunderstandings[30]. This relatively new application of simulation could gain an 
important role in daily clinical practice.

Simulation based curriculum is now endorsed by the European Association of Urology (EAU) and European School of 
Urology (ESU)[31]. Other educational articles will help reinforce the training perspective to trainees[32]. There also seems 
to be an increasing role of artificial intelligence for training and education[33].

Strengths and weakness of bibliometric trend analysis
In this review, the first to our knowledge to evaluate the trend of publication of simulation in urolithiasis over the last 26 
years, we aimed to report a comprehensive scenario of current literature. Both English and non-English language studies 
have been included in this review. On the other hand, the authors are aware that limiting our research to PubMed 
database, some articles published in non-index journals might have been missed. We consider though this to be a minor 
limitation, as bibliographic accuracy should still be obtained from this database alone[34]. This review is intended to 
analyze publication trends on simulation in the management of urolithiasis, and it does not just include training or 
clinical papers[35,36], but all studies performed with the application of simulators in endourology.

CONCLUSION
This review found an increasing bibliometric publication trend on the application of simulators in endourological 
practice. In the last decades there has been a step up of papers regarding training protocols with the aid of various 
simulation devices, with simulators now a part of training programs. With the development of 3D-printed and high-
fidelity models, simulation for surgical procedure planning and patients counseling is also a growing field and this trend 
will continue to rise in the next few years.

ARTICLE HIGHLIGHTS
Research background
Minimally invasive techniques for treatment of urinary stones requires expertise, experience and endoscopic skills. 
Simulators provide a low-stress and low-risk environment while providing a realistic set-up and training opportunities.
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Research motivation
To report the publication trend of ‘simulation in urolithiasis’ over the last 26 years.

Research objectives
To analyze the simulation trends over the last 26 years.

Research methods
Research of all published papers on “Simulation in Urolithiasis” over the last 26 years: (1) Training papers; (2) Clinical 
simulation application or surgical procedures; and (3) Diagnostic radiology simulation. Data was further analyzed in two 
13-year time periods to compare and identify the contrast of different decades: Period-1 (1997-2009) and period-2 (2010-
2022).

Research results
A total of 168 articles published on the application of simulation in urolithiasis over the last 26 years (training: n = 94, 
surgical procedures: n = 66, and radiology: n = 8). The overall number of papers published in simulation in urolithiasis 
increased over time for all three areas with more simulation based studies in the last decade.

Research conclusions
In the last decades there has been a step up of papers regarding training protocols with the aid of various simulation 
devices, with simulators now a part of training programs.

Research perspectives
Simulation trends could guide future researchers on training and safe surgical practice patterns.
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