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Abstract  
 
Introduction: Suprapubic catheterization (SPC) is a fundamental skill required of urology 
trainees. A lack of affordable simulation models and unpredictability of bedside SPCs limit 
experiential learning opportunities. Our objective was to develop and initially validate a re-
usable, low-cost, ultrasound (US)-compatible SPC simulator for acquiring skills that transfer to 
the bedside. 
Methods: The model was constructed using six components. Staff urologists and interventional 
radiologists (IRs) conducted a SPC and rated the model on three domains with multiple 
subcategories on a five-point Likert scale: anatomic realism; usefulness as a training tool; and 
global/overall reaction. Participants in our first-year urology “boot camp” received SPC training, 
practiced, and were evaluated via an objective structured clinical examination (OSCE). Staff 
ratings and OSCE scores determined the model’s initial face and content validity.   
Results: Twelve staff physicians participated in the study. The mean scores for urologists and 
IRs, respectively, were: anatomical realism: 4.10 and 3.70; usefulness as a training tool: 4.23 and 
4.24; and overall reaction: 4.40 and 4.44. Staff strongly agreed that the model should be 
incorporated into the residency curriculum. Over the past four years, 25 boot camp participants 
scored a mean of 99.7% (±1.8) on the OSCE, with high technical performance and entrustment 
scores (4.8 and 4.7, respectively). The model cost $55 CAD. 
Conclusions: This novel, multiple-use, low-cost, easily reproducible US-compatible SPC 
simulator demonstrated initial face and content validity via high staff urologist and IR ratings 
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and OSCE scores of first-year urology residents. Additional research is required for construct 
validation.  
 
 
 
Introduction 
Acute urinary retention (AUR) is one of the most common urologic emergencies, and a cause of 
significant patient discomfort. Some AUR prevalence estimates suggest that approximately 10% 
of men in their eighth decade of life and 33% of men in their ninth decade will experience at 
least one episode of AUR, which is leading to increased hospitalization rates in elderly patients.1-

3 AUR is considered a urologic emergency, as the inability to empty the bladder requires 
immediate intervention, most often managed via urinary diversion. Although diversion is usually 
performed with urethral catheterization, in instances where access to the bladder per urethra 
cannot be accomplished (even with cystoscopic guidance), percutaneous suprapubic 
catheterization (SPC) is warranted. SPCs are conducted frequently enough that it is a 
fundamental skill for urologists to know and for urology trainees to learn during residency.4 
Approximately 25-37% of SPC insertions are performed in the emergency setting,5,6 and safe and 
successful catheterization is often required of junior residents.7,8 In addition to providing 
immediate relief from AUR and its associated complications for the patient, making the decision 
to opt for SPC at the appropriate point in management can be an important factor for long-term 
patient outcomes. Although it has been well-documented that improper urethral catheterization 
serves as a major risk factor for urethral stricture disease,7-11 SPC may also result in 
complications leading to significant morbidity, including sepsis, intra-abdominal visceral injury, 
and bladder neck injury, sometimes with long-term sequelae to the patient.12,13 As such, 
competent implementation of SPC may spare patients undue iatrogenic harm.  

Unfortunately, SPC training is often limited for residents, with a major contributing 
factor being the lack of accessible, inexpensive, and easily reproducible and reusable simulation 
models. While several SPC simulators have been previously described in the literature, to our 
knowledge only two reports of cost-effective ultrasound (US)-compatible SPC simulators have 
been described.4,14,15 With increasing availability of bedside US, especially in the emergency 
room, the Canadian Association of Radiologists and the British Association of Urological 
Surgeons have advocated for the utilization of US in conjunction with SPC by operators familiar 
with, and trained in, its use.16,17 This is in large part to help mitigate the risk of inadvertent 
iatrogenic bowel injury as a result of SPC, which is estimated to occur in approximately 0.7%-
2.7% of procedures and can confer significant morbidity, with an associated mortality rate of 
1.8%.5,13,14 The use of US is associated with a lower injury rate when compared to blind SPC 
insertions.14 
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The objective of this study was to develop and validate a bedside SPC simulation model 
that is cost-effective, reproducible, and reusable, while providing realistic visual and tactile 
feedback and the ability to use US guidance throughout the procedure. A validated SPC model 
would allow trainees to practice the task in a simulated environment with adequate time to safely 
develop the skills required for SPC with US guidance, which in turn would facilitate procedural 
competency that can be transferred to the bedside. 

Methods 

Construction of the SPC model 
The SPC simulator was developed using six primary components (Figure 1). A plastic shoebox-
size container with a snap-on lid served as the housing for the components. At one end of the lid, 
a 12cm x 12cm hole was cut to allow for an access point. The distended bladder was simulated 
using a 3L normal saline or sterile water irrigation bag wrapped with a rubber tourniquet to place 
it under pressure. The rectum was simulated using a 100mL bag of normal saline injected with 
red food colouring and placed directly beneath the simulated bladder. A 10cm x 10cm x 1.5cm 
block of agar prepared from a mold was placed on top of the bladder to represent the 
subcutaneous layer. A purchased silicone skin model without layers (Limbs and Things, Bristol, 
UK) cut to 14cm x 14cm was placed on top of the agar and the lid was closed with the hole on 
top of the skin model, holding the components tightly in place (Figure 2A). 

To simulate use during a clinical scenario, a sterile drape is placed over the model with a 
hole exposing the field (Figure 2B). The supplies required for the simulated SPC include a SPC 
introducer kit, a subcutaneous needle with a pre-filled syringe (or use of a vial) to simulate 
administration of local anesthetic, a syringe (10mL with sterile water) for inflating the catheter 
balloon, and ultrasound gel (Figure 1). The sterile drape and sterile gloves (reusable for this 
purpose) are used during simulation of the entire procedure. For bedside simulation, a 3.5MHz – 
6.5MHz MHz curvilinear US probe with settings optimized for superficial abdominal scanning is 
used. All primary components of the model are reusable for simulation purposes, with use of 
waterproof tape to seal the puncture hole between attempts. This model and the components cost 
a total of $55 CAD. Each item and its associated costs are listed in Table 1. 

SPC model validation  
To assess the face and content validity of the SPC model, staff urologists and interventional 
radiologists (IRs) tested the simulator using US guidance. This study was conducted at multiple 
sites of a tertiary care health network, where urologists tested the model in the clinic setting with 
a portable US machine and the IRs tested the model in the radiology lab (Figure 3). The regional 
research ethics board approved this study.  

Following a simulated SPC under US guidance, each participant evaluated the model on 
three domains: anatomic realism, usefulness as a training tool, and overall/global reaction to the 
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model. Each domain included multiple questions which were ranked on a 5-point Likert scale. 
Additional demographic data were collected, including age, sex, specialty, years in practice, and 
approximate number of SPCs conducted. The questionnaire is available in Appendix A.  
The model was also used for simulation training and evaluation for first-year urology trainees 
during a newly developed multi-institutional urology-specific boot camp.18 A core practical 
component of the boot camp curriculum focuses on the management of AUR, including 
performing SPC. The first four years of the boot camp (2017-2020) included the use of the SPC 
model for training and evaluation using US guidance. The objective of this training was to 
introduce the indications and technique for conducting SPC and prepare trainees to 
independently perform the procedure during simulation and in an emergency clinical setting. 
Following a didactic and simulation teaching session, participants were provided time to practice 
SPC on the model with feedback from senior residents and staff urologists (Figure 4), after 
which an objective structured clinical examination (OSCE) was employed to evaluate trainee 
competency in the fundamentals of SPC. Trainees were provided the opportunity to perform 
multiple untimed attempts at SPC with US (minimum of two per trainee) during the 2-hour 
practical session, followed by one attempt during a timed, 10-minute OSCE. Multiple models 
were made available for practice during the simulation-based sessions. The materials used for the 
model were identical for practice and the OSCE and were consistent across the four years. 
Domains assessed during the OSCE included knowledge of the procedural steps, technical 
performance, visuospatial skills, efficiency and flow, entrustment, and overall performance. The 
OSCE station assessment form is available in Appendix B. Descriptive statistics for all analyses 
were performed using IBM SPSS Statistics® v27 (Armonk, NY).  

Results  

Outcome and assessment measures 
Seven urologists and 5 IRs participated in the initial validation of the SPC model using US 
guidance. Urologist and IR participant characteristics are shown in Table 2. All participants were 
male and had a mean age of 43.4 (±7.6). On average, participants were in practice for 10.6 (±7.4) 
years (range 2-23 years), and the median number of SPCs performed was 50 (range 5-200 for 
urology; 5-1000 for IR).  
 

Participants responded to 16 questions about the model’s anatomic realism and its utility 
for teaching purposes. On the 5-point Likert scale, higher scores indicated stronger agreement 
with the statement. The questionnaire was divided into three domains: anatomic realism (6 
questions), usefulness as a training tool (5 questions), and overall/global reaction (5 questions). 
The detailed results from each domain are described in Table 3, including mean scores and 
standard deviations (SDs) for urologists, IRs, and in aggregate. With respect to all rated items, 
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for urologists the mean scores ranged from 4.0-4.6, for IRs they ranged from 3.0-4.8, and in 
aggregate the range was 3.7-4.6. The overall domain scores were similar between groups. 
‘Anatomic realism’ was scored the lowest among the domains, with urologists’, IRs’, and 
aggregate scores of 4.1(±.95), 3.7 (±.84), and 3.9 (±.94), respectively. The domain ‘usefulness as 
a training tool’ received the second-highest scores, with urologists’, IRs’, and aggregate scores of 
4.2 (±.89), 4.2 (±.85), and 4.2 (±.89), respectively. ‘Overall/global reaction’ was rated the highest 
aspect of the model, with almost identical response scores from urologists, IRs, and in aggregate 
of 4.4 (±.86), 4.4 (±.80), and 4.4 (±.84), respectively.  

A total of 25 first-year urology residents (average 6 residents per cohort) participated in 
the multi-institutional urology boot camp (held annually in the first month of residency from 
2017-2020) and were evaluated on the SPC model with US via an OSCE scored by senior 
residents and staff urologists.18 The OSCE station form can be found in Appendix B. Table 4 
shows the detailed results by year of 5-point Likert scale ratings (mean and SD) for the following 
categories: knowledge of procedural steps; technical performance; visuospatial skills; efficiency 
and flow; entrustment; and overall performance. The mean scores ranged from 4.52-4.85 for 
these items across all years. The mean percentage total score (and SD) per year is noted in Table 
4, which also takes into account the task ratings of the use of sterile technique, identifying the 
appropriate landmark, use of local anesthetic, needle aspiration of urine to confirm bladder 
placement, and insufflation of the catheter balloon. The total OSCE scores across all years 
remained above 96%, with an aggregate score for all years of 99.7% (±1.8).  

Discussion 
Proficiency in performing SPC reduces the chances of complications such as bowel injury, 
bladder injury, and sepsis, which can lead to poor patient outcomes.13 The urgency and 
unpredictability of these cases means that teaching and learning SPC is often done sporadically, 
which can hinder the learning process. Simulation provides an excellent opportunity for trainees 
to practice in a risk-free environment with feedback from instructors; however, commercial SPC 
simulators can be prohibitively expensive for some training programs, reaching into the 
thousands of dollars.19,20 The lack of US compatibility in most available models substantially 
limits the training experience, as SPC under US guidance improves its success and has become 
established in clinical practice guidelines.16,17 To address the need for an accessible and valid 
model, our team successfully developed, evaluated, and initially validated an inexpensive, 
reproducible, and reusable US-compatible SPC trainer.  

Our SPC trainer (Figure 1) was composed of six primary components that combined to 
cost $48 CAD (Table 1). This cost could be reduced if the contents do not need to be purchased 
from a medical supply company (e.g., rubber tourniquet, irrigation bags, SPC introducer kit, US 
conductive gel). A small amount of red food colouring for the simulated rectum and waterproof 
tape for resealing the punctures were not included in the overall cost (approximately $7 CAD). 
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To our knowledge, no SPC simulators with the ability be used consecutively more than once 
have been described in the literature.4 Our model can be used up to seven times, after which the 
3L irrigation bag needs to be replaced. An ideal training model is one that can be used to allow 
rapid cycling of simulations during teaching workshops,8 and we were able to demonstrate this 
ability during boot camp.  
 The results of the urologist and IR evaluations suggest that the SPC model has face and 
content validity for the domains of anatomic realism, usefulness as a training tool, and 
overall/global reaction. While the IRs ranked some of the categories slightly lower than the 
urologists, all ratings were a 3 or higher on the 5-point scale of agreement, with the aggregate 
mean scores rated at 3.7 or higher (Table 3). The 12 evaluators had significant experience in 
performing SPC with a median of 50 cases for urologists and 100 cases for IRs (Table 2), which 
is past the learning curve.21,22 This clinical experience increases the likelihood that their 
subjective assessments of the model are valid.23 

Evaluating the use of the SPC model in trainees over four consecutive years of the boot 
camp for incoming residents was valuable to the initial validation process. Following a didactic 
component, participants had ample time to practice SPC on the model with feedback prior to 
formal assessment. The OSCE scores of 96% or higher each year (Table 4), suggests that this 
training approach would be a useful component of the formal urology curriculum. This is 
supported by the urologists and IRs in their evaluation, as all responses were 4.3 or higher for 
this item (Table 3). The didactic and practical training (including portable US) components were 
identical across the four years.  

Using US during SPC is associated with a lower risk of visceral injury than blind 
SPC.14,16,17,23,24 Of the six SPC models previously described in the literature, only two were 
reported to be US-compatible.4,7,14,15 Including both urologists and IRs was vital to the evaluation 
of our model. For the survey item “the ultrasonography looks realistic”, urologists rated it a 
mean score of 4.0 and the IRs a 4.2, indicating its face validity as an US-compatible model. 
Figure 3 shows the portable and IR US monitors with the introducer entering the simulated 
bladder. To our knowledge, this is the first SPC model to include a simulated rectum, which can 
also be visualized via US. Using US to follow the introducer into the bladder and recognizing 
where to stop before puncturing the rectum was a valuable teaching component. Red food 
colouring was used to depict whether the rectum was punctured, allowing learners to have visual 
and tactile feedback. Tactile feedback is important for this training, as an US machine may not 
always be readily available when a SPC is required. The evaluators rated the model “Useful for 
teaching SPC insertion without US” a mean of 4.0, while the item “Entry to “bladder” feels 
realistic” received a mean score of 3.7, suggesting that the model successfully simulates the 
physical elements of SPC. A realistic sense of touch and tactile, or haptic, feedback improves 
surgical simulation learning,25 increasing the model’s fidelity and the successful transfer of skills 
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to the clinical setting.26 The model received high ratings in the anatomic realism domain, 
including touch and feel of the model by hand and via the use of instruments during the 
subcutaneous lidocaine injection, incision, and entry of the catheter (Table 3).  

This study does have some limitations. The sample size for the evaluators was small, with 
7 staff urologists and 5 IRs; however, both groups had significant experience conducting SPCs. 
Additionally, the evaluations were conducted on different US machinery, as the IRs performed 
the task in the radiology suite, while the urologists used portable US machines. To assess the 
validity of the model, it was necessary for the evaluators to perform the simulation under their 
normal conditions. While we did not record the time to task completion, it will be essential to 
record completion times and error rates in future research for construct validity. Additionally, 
under the “anatomic realism” domain of the assessment tool, entry to the “bladder” was 
evaluated without a separate assessment of the simulated rectum. As we continue to optimize and 
further evaluate the model for validity, the realism of the simulated rectum will be assessed as a 
separate structure. 

During the four boot camp sessions, we were limited to assessment using OSCE 
methodology, as SPC comprised one of the stations on the final day. We minimized rater bias by 
ensuring all assessors underwent identical training for the SPC OSCE. Additionally, the didactic 
training and assessment metrics (Appendix B) were identical across all years, and the boot camp 
participants were provided ample time during the practical sessions to practice on the model 
while receiving feedback from senior residents and staff urologists. As this study was designed 
for initial face and content validation, it was beneficial to obtain OSCE-based evaluations to 
determine whether the model closely mimics the full procedure in trainees. These preliminary 
steps have laid the groundwork for further validation of the model. The Objective Structured 
Assessment of Technical Skills (OSATS)27 may provide additional data on skill acquisition with 
this model, which will be explored in future research. Importantly, both the OSCE and OSATS 
are validated objective measures of assessing performance. It is notable that, to our knowledge, 
we are the first group to objectively evaluate a SPC model.14 

We also plan to evaluate the model during our urology residency program’s annual point 
of care US (POCUS) course, which currently does not have a SPC evaluation component.30 This 
course is conducted during an academic half-day and all urology residents in our program attend, 
which allows for evaluation of residents at different levels of training. To explore options, during 
the most recent course, we used a thin pork chop with a bone (to simulate the pubic symphysis) 
to simulate the skin layer and subcutaneous tissue on the SPC model, which worked very well 
for US training,30 indicating a potential improvement to the model. This variation will need to be 
tested before any training for evaluation purposes occurs.  

The next steps in the validation of our SPC model include determining its construct 
validity. The SPC simulator must show that performance on the model does not discriminate 
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between naïve and experienced urologists and IRs and that, procedurally, the model closely 
represents SPC performed in the practice setting. This demonstrated ability to transfer skills from 
the model to the bedside will also confirm its predictive and concurrent validity.28,29 Once 
construct validity is demonstrated, the model may be used to assess trainee competence using 
OSATS,27,31 which would provide support for its inclusion in competency-based urology 
residency curricula. 

Conclusions 
Our team developed and initially validated a novel SPC model that is US-compatible, low in 
cost, and reusable. The simulator received high ratings from staff urologists and IRs across 
multiple domains, including anatomic realism, its use as a training tool, and recommendation for 
inclusion in urology residency curricula. Additionally, the model was successfully used across 
four years of a multicenter annual urology boot camp for incoming residents. Trainees across all 
years scored a mean of 99.7% (±1.8) on a standardized SPC OSCE. While the model shows 
initial face and content validity, additional research is warranted to determine its construct 
validity and transferability from a simulated to a clinical setting. With the recent paradigm shift 
to competency-based medical education, this model may eventually serve as a validated 
evaluation tool for SPC competency. This low-cost, accessible SPC simulator can be easily 
adopted by urology residency programs.  
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Figures and Tables 
 
Fig. 1. Suprapubic catheterization model components. 
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Fig. 2. Suprapubic catheterization model (A) and when draped (B). 

 
Fig. 3. Suprapubic catheterization model in use with ultrasound. 
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Fig. 4. Suprapubic catheterization practice during urology boot camp. 
 

 
 
 
 
 
Table 1. SPC model components and cost ($CAD) 
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Component Material Cost 
Bladder 3L normal saline or sterile water 

irrigation bag put under pressure by 
using a rubber tourniquet 
Waterproof tape to seal puncture holes 

$18 
 
 
$5 

Simulated rectum 100mL normal saline bag injected 
with red food colouring 
Red food coloring 

$5 
 
$2 

Skin layer Silicone skin model without layers, 
purchased from medical/surgical 
simulation company 

$10 

Subcutaneous tissue Ultrasound compatible agar gelatin in 
a 10cm x 10cm mold, 1.5 cm thick 

$1 

Housing Shoebox-sized plastic box with snap-
on plastic lid to provide stability. A 
square portion of the lid is cut out to 
serve as the simulated SPC site 

$2 

Suprapubic catheter 
introducer kit 

Obtained from medical supplier $5 

Ultrasound gel Obtained from medical supplier $6 
Drape and sterile 
gloves 

Sterile draping (reusable for this 
purpose) to cover the box – a hole is 
cut into the drape to expose the 
simulated SPC site 

$1 

Total cost 
(approximate) 

 $55 

SPC: suprapubic catheterization. 
 
 
 
 
 
 
 
Table 2. Staff urologist and IR characteristics 
 Mean value (± SD) 
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 Urologists 
(n=7) 

IRs 
(n=5) 

Aggregate 
(N=12) 

Age   43 (9.1) 44 (5.8) 43.4 (7.6) 
Number of years in 
practice 

10 (8.3) 11.4 (6.8) 10.6 (7.4) 

Number of years in 
practice: Median 
(range) 

12 (2–23) 12 (1–20) 12 (1–23) 

Approximate number 
of SPCs 

67.9 (65.4) 
 

251 (421) 144 (274) 

Approximate number 
of SPCs: Median 
(range) 

50 (5–200) 100 (5–1000) 50 (5–1000) 

IR: interventional radiologist; SD: standard deviation; SPC: suprapubic catheterization. 
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*Anatomic realism domain: 1 = “not realistic at all”; 5 = “very realistic”. Usefulness as a training 
tool domain: 1 = “not useful at all”; 5 = “very useful”. Overall/global reaction to the model: 1 = 
“strongly disagree”; 5 = strongly agree”. Please see Appendix A for questionnaire. IR: 
interventional radiologist; SPC: suprapubic catheterization. 

Table 3. Results of SPC model questionnaire (5-point Likert scale*) 
Questionnaire item Mean score/5 (± SD) 

 
Urologists 

(n=7) 
IRs 

(n=5) 
Aggregate 

(N=12) 

Anatomic realism 
Anatomic structures were 
realistic 

4.1 (0.7) 3.6 (0.5) 3.9 (0.7) 

Anatomic size is realistic 4.3 (0.8) 4.2 (0.8) 4.3 (0.8)
Tissue feels realistic (touch/feel) 4.0 (1.0) 3.6 (0.5) 3.8 (0.8)
Tissue feels realistic (incision, 
subcutaneous injection, catheter 
insertion) 

4.0 (1.0) 3.6 (0.9) 3.8 (0.9) 

Entry to “bladder” feels realistic 4.1 (0.7) 3.0 (0.7) 3.7 (0.9)
Ultrasonography looks realistic 4.0 (1.2) 4.2 (0.8) 4.1 (1.0)
Usefulness as a training tool  
Useful for teaching anatomy 4.3 (0.8) 4.4 (0.9) 4.3 (0.8)
Useful for teaching SPC insertion 
without ultrasound 

4.3 (0.8) 3.6 (1.1) 4.0 (1.0) 

Useful for teaching SPC insertion 
with ultrasound 

4.1 (0.9) 4.0 (0.7) 4.1 (0.8) 

Useful for improving technique 4.1 (0.7) 4.8 (0.4) 4.4 (0.7)
Overall usefulness as a simulated 
tool for SPC insertion 

4.3 (0.8) 4.4 (0.5) 4.3 (0.7) 

Overall/global reaction 
“I would recommend the SPC 
model for training purposes” 

4.3 (0.8) 4.6 (0.5) 4.4 (0.7) 

“Working with this model would 
help trainees feel more 
confident” 

4.6 (0.5) 4.6 (0.5) 4.6 (0.5) 

“This model should be 
incorporated into the urology 
curriculum” 

4.3 (0.8) 4.4 (0.9) 4.3 (0.8) 

“Skills learned using this model 
are transferable to an in vivo 
setting” 

4.3 (0.8) 4.4 (0.5) 4.3 (0.7) 

“Working with this model would 
be as useful as working with an 
animal model” 

4.6 (0.8) 4.2 (0.8) 4.4 (0.8) 

Table 4. SPC OSCE scores from urology boot camp years 2017–2020 
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Please see Appendix B for OSCE survey. OSCE: objective structured clinical examination; SD: 
standard deviation; SPC: suprapubic catheterization. 
 
 
 
 
 
 
 
 
 
 
 
 
 

OSCE item 
Mean 
score/5  
(± SD) 

2017 
n=6 

2018 
n=6 

2019 
n=7 

2020 
n=6 

Mean (± SD) 
all years 

N=25 

      
Knowledge 
of procedural 
steps 

4.83 (.41) 4.00 (.89) 4.43 (.79) 4.83 (.41) 4.52 (.79) 

Technical 
performance 

5.00 4.67 (.82) 4.29 (.49) 4.83 (.41) 4.68 (.76) 

Visuospatial 
skills 

5.00 4.83 (.41) 4.57 (.54) 5.00 4.85 (.69) 

Efficiency 
and flow 

5.00 4.83 (.41) 4.43 (.54) 5.00 4.82 (.69) 

Entrustment 5.00 4.00 (.89) 3.86 (.38) 4.83 (.41) 4.42 (.75) 
Overall 
performance 

5.00 4.17 (.75) 4.14 (.38) 4.83 (.41) 4.54 (.72) 

      
Total score  
% (± SD) 

99.5 (1.2) 99.7 (1.3) 96.4 (7.2) 97.0 (3.8) 99.7 (1.8) 


