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Abstract
Background  The association between surgical performance ratings and clinical outcomes in robotic surgery is poorly under-
stood. Additionally, no studies have reported on the relationship between the surgeon’s initial case-skill evaluation and the 
learning curve in robot-assisted surgery. We evaluated whether an objective surgical technique evaluation score for initial 
robot-assisted radical prostatectomy (RARP) was associated with clinical outcomes and surgeons’ learning curves.
Methods  Six surgeons who were trained in and started to perform RARP at our institution were included. Anonymized, 
unedited videos of each surgeon’s 10th RARP case were evaluated by three reviewers, using modified Objective Structured 
Assessment of Technical Skill (OSATS) scores. We then divided the surgeons into two groups on the basis of these OSATS 
scores. We retrospectively compared the clinical outcomes and learning curves of the console time of the two groups for 
consecutive RARPs, performed from March 2018 to July 2023.
Results  We analyzed 258 RARPs (43 cases/surgeon), including 129 cases performed by high-OSATS score surgeons (18.2–
19.3 points) and 129 cases performed by low-OSATS score surgeons (11.9–16.0 points). Overall, the high-OSATS score 
group had significantly shorter operation and console times than the low-OSATS score group did (both P < 0.01) and their 
patients’ rate of continence recovery by 3 months post-RARP was significantly higher (P = 0.03). However, complications, 
blood loss, and positive margins did not differ between the groups (P = 0.08, P = 0.51, and P = 0.90, respectively). The high-
OSATS score group had a significantly shorter console time than the low-OSATS score group did after the 11–20 cases.
Conclusions  The OSATS score in early RARP cases can predict subsequent surgical outcomes and surgeons’ learning curves.

Keywords  Robotic surgery · Surgical skill · Video assessment

Various studies have assessed the quality of surgical per-
formance in different surgical departments [1, 2]. Among 
these, the Objective Structured Assessment of Technical 

Skills (OSATS) score is widely used. Although the OSATS 
score was originally designed to evaluate residency skills, 
it is now also used to evaluate laparoscopic surgery [3]. A 
correlation between OSATS scores and clinical outcomes 
has been reported in laparoscopic surgery [4], suggesting 
the importance of assessing surgical performance. However, 
the quality of robotic surgery has rarely been evaluated using 
the OSATS score, despite the shift from laparoscopic sur-
gery to robotic surgery [5]. Additionally, most reports on 
the OSATS scores have assessed the skills of experienced 
surgeons, with no reports on how the initial skills of novice 
surgeons affect their subsequent learning curve [4].

Robot-assisted surgery is widely used in urology. In par-
ticular, prostate cancer is a major health issue among men 
worldwide, and opportunities for robot-assisted radical pros-
tatectomy (RARP) are increasing [6]. However, it is unclear 
if the quality of robotic surgery impacts clinical outcomes.
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Therefore, this study aimed to evaluate the skills of sur-
geons, who had just started performing RARP, using the 
OSATS score and to examine whether an objective surgical 
technique evaluation score for initial RARP was associated 
with clinical outcomes and surgeons’ learning curves. We 
hypothesized that the OSATS assessment of a surgeon’s 
skill at the beginning of the robotic surgery experience 
might appropriately predict their subsequent operative 
performance.

Materials and methods

Study details

This retrospective study included patients who underwent 
RARP at Jichi Medical University and Haga Red Cross Hos-
pital, Japan, between March 2018 and July 2023. Patients 
undergoing surgery via a retroperitoneal approach were 
excluded.

The surgeons whose skills were evaluated were selected 
on the basis of the following criteria. Surgeons who had 
started performing RARP at our hospital and had performed 
over 40 RARP procedures were selected. Japan has a proc-
toring system that certifies surgeons who have performed 
more than 40 RARP procedures as instructors. Six surgeons 
were educated through a mentoring program [7].

Each surgeon’s 10th RARP case was assessed using the 
modified OSATS score, and an anonymous, unedited video 
of the surgery was reviewed by three urologists, as a previ-
ous report suggested that it takes approximately 10 cases to 
adapt open surgical skills to robotic surgery [8]. If the 10th 
case was not a typical case and was unsuitable for evalua-
tion, such as a case involving a large prostate or strong intes-
tinal adhesions, the 9th or 11th case was evaluated instead.

Ethics

The study was approved by the institutional review boards 
of the respective institutions (Jichi Medical University: 
23-114 and Haga Red Cross Hospital: 2023_25). Because 
this was a retrospective study, consent was obtained from 
patients and the surgeons, whose surgical skills were evalu-
ated, through the opt-out method. Additionally, informed 
consent was obtained from the reviewers who assigned the 
OSATS scores.

Surgery

From March 2018 to March 2022, RARPs were performed 
with the patient in the lithotripsy position, with the head 
down at a 25-degree angle using the da Vinci Si system 
(Intuitive Surgical, Sunnyvale, CA, USA). From April 2022 

to July 2023, RARPs were conducted with the patient in the 
supine position with the head down at a 25-degree angle 
using the da Vinci Xi system (Intuitive Surgical). Our RARP 
technique was essentially a modified Vattikuti Institute pros-
tatectomy technique [7, 9, 10].

The surgical procedures were divided into eight steps: (1) 
Dissection of the peritoneum; (2) Dissection of the superfi-
cial vein, removal of periprostatic fat, and exposure of the 
endopelvic fascia; (3) Anterior dissection of the bladder 
neck; (4) Dissection of the posterior bladder neck, vas def-
erens, seminal vesicle, and Denonvilliers’ fascia; (5) Resec-
tion of the lateral pedicle with cavernous nerve sparing; (6) 
Resection and suturing of the deep dorsal vein; (7) Rocco 
stitch; and (8) Urethro-vesico anastomosis. For manipula-
tion of the lateral neurovascular bundle, the nerves were 
preserved in lobes where prostate biopsy showed no cancer 
in the peripheral zone.

Surgical skill evaluation by the OSATS

Three urologists with experience of more than 60 RARP 
cases were selected as reviewers to rate unedited, 
anonymized RARP videos based on video-modified OSATS.

The video-modified OSATS includes five items: “gentle-
ness,” “tissue exposure,” “instrument handling,” “time and 
motion,” and “flow of operation”; each item is scored on a 
scale of 1–5 points (1 point: novice level, 3 point: interme-
diate level, and 5 point: expert level) [11]. The modified 
OSATS used in this study [11] excluded the use of assistants 
and knowledge of instruments and specific procedures from 
the original OSATS [3]. These items were excluded because 
the surgeons had sufficient knowledge of the instruments 
and surgical procedures prior to performing the robotic sur-
gery and did not require a bedside assistant for exposure and 
additional help.

Videos of RARP were divided into the eight above-men-
tioned surgical steps, and each part was scored using the 
video-modified OSATS score. The average of the scores for 
each part was taken as the total OSATS score for the entire 
surgery. The three reviewers independently performed scor-
ing, and the average of the three scores was used for further 
analyses. Surgeons were then divided into two groups: high-
OSATS score group (score ≥ median) and low-OSATS score 
group (score < median). In the present study, no measures 
were taken to instruct the raters or establish standardized 
rating practices.

Lymph node dissection

Lymph node dissection was performed on patients with ≥ 5% 
possibility of lymph node metastasis using the Japan prostate 
cancer nomogram [12]. In most cases, lymph node dissec-
tion was performed by a supervisor; therefore, the time spent 
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on lymph node dissection was excluded from the operation 
and console times. Similarly, lymph node dissection was 
excluded from the OSTAS scoring because it was performed 
by a supervisor.

Data collection

The surgeons’ information collected in the present study 
included their retropubic radical prostatectomy experience, 
age at the initiation of RARP, and experience with laparo-
scopic radical prostatectomy. Patient information included 
patients’ age, body mass index (BMI), initial prostate-spe-
cific antigen (PSA), Gleason score, prostate weight, and clin-
ical T stage. Information regarding surgical technique, such 
as means of nerve-sparing, was also obtained. Our dataset 
did not have missing data.

Endpoints

The primary endpoint was the surgeons achieving the learn-
ing curve of the console time. Further, the secondary end-
points were the console time for operating the robot, overall 
operation time, estimated blood loss, perioperative com-
plication rate, pathological stage, positive surgical margin 
(PSM) rate, and patients’ urinary incontinence at 3 months 
after surgery were evaluated.

Statistical analysis

The surgical outcomes analyzed were the total operation 
time, console time, estimated blood loss, prostate volume, 
complication rate, pathological stage, PSM rate, and urinary 
incontinence at 3 months post-surgery. Complications were 
evaluated using the Clavien–Dindo classification system 
[13]. Outcomes were compared between the high- and low-
OSATS score groups using univariate analysis.

To evaluate the learning curve of the console time of 
RARP, the median and mean console times in the high- and 
low-OSATS score groups were plotted according to four 
case series (group 1, 1st–10th cases; group 2, 11th–20th 
cases; group 3, 21st–30th cases; and group 4, 31st case and 
beyond), and the two groups were compared.

In addition, cumulative sum analysis (CUSUM) was used 
to define the learning curves for the respective RARP con-
sole times in the high- and low-OSATS groups. This tech-
nique plots data from consecutive procedures, transforming 
raw data into a cumulative sum of differences between the 
individual values and overall mean. Graphically, this is rep-
resented by a curve, with the breakpoint between the ascend-
ing and descending portions indicating the number of cases 
required for the transition from a learning to a proficiency 
phase [14]. Because the median console value for RARP at 

our institution was 129 min, we set the target value for the 
learning curve at 130 min [10].

Categorical variables were presented as frequency and 
percentage and continuous variables as median and inter-
quartile range or mean ± standard deviation. Continuous 
data were analyzed using the Mann–Whitney U test, and 
categorical data were analyzed using Pearson’s chi-square 
test and Fisher’s exact test. The factors influencing the con-
sole time for RARP and continence recovery after RARP 
were determined using multivariable linear and multivariate 
logistic regression analyses, respectively.

To assess the reliability of the reviewers’ ratings, intra-
class correlation coefficients (ICCs) were calculated. Spe-
cifically, the ICC of a single random rater and the average 
ICC for the raters were evaluated.

Statistical analyses were performed using JMP (ver-
sion 17.0; SAS Institute, Cary, NC, USA) and R software 
(ver. 4.1.4 R Foundation for Statistical Computing, Vienna, 
Austria). A P-value < 0.05 was considered statistically 
significant.

Results

The age of the six surgeons was 27–40  years (mean, 
32.3 years) at the start of robotic surgery. They performed 
0–40 retropubic radical prostatectomies (mean, 15). None of 
the surgeons had performed laparoscopic radical prostatec-
tomy prior to the study.

In total, 259 RARP procedures, performed by 6 surgeons, 
were identified. Among them, one patient who underwent 
surgery using a retroperitoneal approach was excluded from 
the analysis. Therefore, we included 43 consecutive RARP 
procedures for each of the surgeons.

The patient background characteristics of the 10th case 
of RARP for these surgeons were as follows: mean age, 
64.8 years, and mean BMI, 24 kg/m2. The mean initial PSA 
level was 20.5 ng/mL; Gleason score was 6 in one case, 7 in 
four cases, and 9 in one case. The clinical stage was cT2 in 
five cases and cT3 in one case; the nerve-sparing technique 
was used in four cases.

The average surgical time was 213 min, average console 
time was 152 min, and average blood loss was 240 mL. The 
pathological stage was pT2 in one case and pT3 in five cases. 
The average total OSATS score assigned by the three review-
ers was 16.6 (11.92–19.33) points.

The details of the OSATS scores for each surgeon are 
shown in Fig. 1. The ICC for a single random rater was 
moderate, at 0.45 (95% confidence interval [CI]: 0.36–0.53), 
whereas the average ICC for the raters showed substantial 
agreement, at 0.71 (95% CI: 0.63–0.77).

The ranking of the surgeons’ scores varied among the 
three reviewers; however, the members of the two groups 
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were the same. The scores of all the five components were 
significantly higher in the high-OSATS score group than 
in the low-OSATS group (gentleness score: mean 3.4 vs. 
2.6 points, tissue exposure score: mean 3.8 vs. 3.0 points, 
instrument handling score: mean 3.8 vs. 3.0 points, time and 
motion score: mean 3.9 vs. 2.8 points, and flow of operation 
score: mean 3.9 vs. 2.9 points; all P < 0.01).

On the basis of the OSATS score for each surgeon’s 10th 
RARP case, three surgeons were classified into the high-
OSATS score group (18.2–19.3 points) and the remain-
ing three were classified into the low-OSATS score group 
(11.9–16.0 points). The characteristics of the patients oper-
ated by the surgeons categorized into the high- and low-
OSATS score groups are presented in Table 1. The initial 
PSA level and Gleason score were significantly higher for 
the patients operated by the surgeons in the low-OSATS 
score group than for those operated by surgeons in the high-
OSATS score group (P = 0.01 and P = 0.02, respectively).

In the univariate analysis, postoperative clinical out-
comes showed that the operation and console times were 
significantly shorter in the high-OSATS score group 
than in the low-OSATS group (both P < 0.01). The conti-
nence recovery rate, defined as not wearing pads or using 
only one safety pad per day, was significantly higher at 
3 months for patients operated by the high-OSATS score 
group surgeons than for those operated by the low-OSATS 
group surgeons (P = 0.03) (Table 2). However, blood loss, 
complication rates, and positive margins did not differ sig-
nificantly between the patients operated by the two groups. 
Three patients operated by the high-OSATS score surgeons 
experienced Clavien–Dindo grade 2 complications, includ-
ing one case of transient fever caused by urinary tract 
infection and two cases of severe bleeding requiring trans-
fusion. Six patients operated by the low-OSATS score sur-
geons experienced Clavien–Dindo grade 2 complications, 

including four cases of transient fever caused by urinary 
tract infection and one case each of transient fever due to 
pneumonia and surgical site infection.

Regarding the console time, multivariable linear 
regression analyses revealed significant effect in the num-
ber of RARPs performed, OSATS score, and prostate 

Fig. 1   Average of the modified 
OSATS score of each surgeon 
based on three reviewers. 
OSATS Objective Structured 
Assessment of Technical Skills

Table 1   Background demographics of robot-assisted radical prosta-
tectomy cases classified by the surgeon’s skill level measured using 
the modified OSATS

IQR interquartile range, BMI body mass index, PSA prostate-specific 
antigen, OSATS Objective Structured Assessment of Technical Skills

Modified OSATS score, n (%), or 
median (IQR)

P-value

Low, 15.1 
(11.9–16.0) 
points
n = 129

High, 18.9 
(18.2–19.3) 
points
n = 129

Age, years 69 (65–72) 69 (64.5–73) 0.85
BMI, kg/m2 24.3 (22.2–26) 23.4 (22.4–26.1) 0.96
Initial PSA, ng/mL 8.33 (6.3–14.3) 7.0 (5.4–10.2) 0.01
Prostate volume, mL 29.1 (22–38.75) 28 (21.8–32.5) 0.12
Gleason score 0.02
 6 6 (5) 13 (10)
 7 62 (48) 76 (59)
 8 +  61 (47) 40 (31)

Clinical stage 0.18
 T1c 20 (16) 13 (10)
 T2 101 (78) 112 (87)
 T3 8 (6) 4 (3)

Nerve-sparing tech-
nique

1.00

 No 51 (40) 52 (40)
 Yes 78 (60) 77 (60)
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volume (regression coefficient [RC] −2.16, P < 0.01; RC 
16, P < 0.01; and RC, 0.38; P = 0.02, respectively) (Table 3).

For continence recovery by 3 months after RARP, multi-
variate regression analyses revealed significant effect in the 
OSATS score between the two groups (odds ratio [OR]: 0.90 
[0.81–1.00], P = 0.04) (Table 4).

In the learning curve, the console times for the low- and 
high-OSATS score groups are shown in Fig. 2. In group 1 
(cases 1–10), no difference in the console time was found 
between the high- and low-OSATS score groups (P = 0.69). 
In group 2 (cases 11–20), group 3 (cases 21–30), and group 
4 (cases 31–43), the console time was significantly shorter in 
the high-OSATS score group than in the low-OSATS score 
group (all P < 0.01).

Analysis of the learning curve on the CUSUM graph 
showed that the high-OSATS score group reached the break-
point at 19 cases, whereas the low-OSATS score group did 
not reach the breakpoint (Fig. 3).

Table 2   Comparison of surgical 
outcomes after robot-assisted 
radical prostatectomy between 
the low- and high-OSATS score 
groups

Continence status was defined as not wearing safety pads or using only one safety pad (20 g) per day
IQR interquartile range, OSATS Objective Structured Assessment of Technical Skills

Modified OSATS score, n (%), or median (IQR) P-value

Low, 15.1 (11.9–16.0) points
n = 129

High, 18.9 (18.2–19.3) 
points
n = 129

Surgical time, min 202 (175.5–243.5) 158 (138–198.5)  < 0.01
Console time, min 153 (129–190) 112 (98.5–153)  < 0.01
Estimated blood loss, mL 200 (100–400) 200 (100–330) 0.51
Complication total 13 (10.1) 5 (3.9) 0.08
 Clavien–Dindo grade I 7 (5.4) 2 (1.6) 0.17
 Clavien–Dindo grade II 6 (4.7) 3 (2.3) 0.50

Pathological stage 0.79
 pT2 90 (70) 87 (67)
 pT3 39 (30) 42 (33)

Positive surgical margin
 Total 45 (35) 43 (33) 0.90
 pT2 26 (28.9) 19 (21.8) 0.30
 pT3 19 (48.7) 24 (57.1) 0.51

Continence status (3 months 
postoperatively)

38 (29.5) 55 (42.6) 0.03

Table 3   Multivariable linear 
regression analyses of console 
time

CI confidence interval, BMI body mass index, RARP robot-assisted radical prostatectomy, OSATS Objec-
tive Structured Assessment of Technical Skills

Variable (n = 258) Regression coefficient (95% CI) P-value

BMI, kg/m2 1.22 (−0.43, 2.87) 0.15
Prostate volume, g 0.59 (0.19, 0.99)  < 0.01
Experience of RARP −2.14 (−2.53, −1.75)  < 0.01
Modified OSATS score (by one point) −4.51 (−6.39, −2.63)  < 0.01
Nerve sparing technique (non-continuous) −0.27 (−5.34, 4.80) 0.92

Table 4   Multivariate logistic regression analyses for continence 
recovery 3 months after RARP

RARP robot-assisted radical prostatectomy, CI confidence interval, 
OR odds ratio, BMI body mass index, OSATS Objective Structured 
Assessment of Technical Skills

Variable (n = 258) OR (95% CI) P-value

Age, years 1.03 (0.98, 1.08) 0.25
BMI, kg/m2 1.06 (0.97, 1.16) 0.20
Prostate volume, g 1.01 (0.99, 1.03) 0.29
Experience of RARP 1.00 (0.98, 1.03) 0.68
Modified OSATS score (by one point) 0.90 (0.81, 1.00) 0.04
Nerve sparing technique (non–continu-

ous)
1.00 (0.58, 1.70) 0.99
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Discussion

In this study, we examined the association between the 
modified OSATS and surgical outcomes of RARP. The 
group with higher modified OSATS scores for their 10th 
case of RARP had significantly shorter console and opera-
tion times and their patients exhibited earlier continence 
recovery, compared with the group with lower modified 
OSATS score. Console time and continence recovery 
3 months after surgery were both significantly associ-
ated with the modified OSATS score in the multivariate 

analysis. The high-OSATS score group also had a signifi-
cantly shorter console time for the 11th–20th cases than 
did the low-OSATS score group.

Several video-based surgical assessment methods have 
been reported [15, 16]. In particular, the Global Assessment 
Scale (GAS), which focuses on overarching qualities, and 
procedure-specific operative assessment tool, which sepa-
rately evaluates key steps and phases of an operation, are 
both relevant to clinical outcomes. The modified OSATS 
score used in this study was a type of GAS that has been 
reported to be associated with clinical outcomes [1, 4, 17]. 
A previous study evaluated surgeon performance using the 

Fig. 2   Comparison of the mean 
and median console times for 
the high- and low-OSATS score 
groups based on the number 
of experiences among the 
four groups (the mean scores 
for each group were plotted). 
OSATS Objective Structured 
Assessment of Technical Skills

Fig. 3   Cumulative sum analysis curve of the console time for robot-
assisted radical prostatectomy according to the number of cases. 
Right: The learning curve for the high-OSATS score group. The 
breakpoint was reached at 19 cases. Left: The learning curve for the 

low-OSATS score group. The breakpoint of the learning curve was 
not reached after a total of 43 cases. OSATS Objective Structured 
Assessment of Technical Skills
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modified OSATS scores for laparoscopic bariatric surgery 
[11]. They found differences in the complication rate (14.5% 
vs. 5.2%, P < 0.001), mortality (0.26% vs. 0.05%, P = 0.01), 
operation time (137 min vs. 98 min, P < 0.001), reoperation 
rates (3.4% vs. 1.6%, P = 0.01), and readmission rates (6.3% 
vs. 2.7%, P < 0.001) between the 25% of surgeons with the 
highest modified OSATS ratings and 25% of surgeons with 
the lowest ratings [11]. Associations between surgical per-
formance and clinical outcomes have been reported not only 
in laparoscopic surgery but also in robot-assisted surgery 
[18, 19]. Specifically, the evaluation of intraoperative videos 
using the OSATS scores for robotic pancreatoduodenectomy 
revealed a relationship with clinical outcomes. When 153 
cases of robotic pancreatoduodenectomy were evaluated 
using the OSATS scores, the incidence of postoperative pan-
creatic fistula decreased for patients operated by surgeons 
with higher OSATS scores (OR: 4.01, P = 0.004) [19].

In our study of six surgeons, those with higher OSATS 
scores had shorter console and operation times and their 
patients had better urinary continence by 3 months after sur-
gery, compared with the surgeons with lower OSATS scores. 
Our results are consistent with those of previous studies. 
Although previous studies have evaluated a video of a “typi-
cal” case for each surgeon, we evaluated the OSATS score 
for the surgeons’ 10th case of RARP [11, 20, 21].

A recent review indicated that reaching the learning curve 
of the console time requires 16–300 cases [22]. Our study, 
which evaluated the surgical technique of surgeons accus-
tomed to robotic surgery, revealed that the surgeon’s initial 
technique affected their learning curve and patients’ clinical 
outcomes. In addition, the high-OSATS score group reached 
the breakpoint after 19 cases, whereas the low-OSATS score 
group did not reach the breakpoint after 43 cases. The high-
OSATS group showed results similar to those of previous 
studies [23]. The group with a higher OSATS score for the 
10th case had a shorter console time for the 11th–20th cases 
and beyond, compared with the group with a lower OSATS 
score for the 10th case. Thus, subsequent learning curves can 
be predicted on the basis of earlier surgical skills.

In other studies, surgeons from multiple centers were 
selected, which may have employed different teaching meth-
ods and surgical procedure details [11]. In our study, we 
were able to evaluate the effect of the surgeon’s skill because 
we selected surgeons who had received the same education 
and used the same surgical procedures [7].

Evaluation of surgical skills is required to improve surgi-
cal education [24]. As each individual has a different learn-
ing curve, predicting a surgeon’s learning curve by eval-
uating their surgical skills may help to identify surgeons 
who require more surgical education and training [25, 26]. 
Various methods have been reported for education in RARP, 
including training programs, simulation training using wet 
lab models or phantoms, and virtual reality [27–31]. Clinical 

outcomes have also been reported to improve with training 
in RARP, and thus surgeons with low initial OSATS scores 
may need to use these training tools to improve their skills 
[27].

Moreover, the relationship between surgical performance 
and early continence recovery after RARP has been reported. 
When surgery was evaluated using the Global Evaluative 
Assessment of Robotic Skill (GEARS), a tool developed to 
evaluate robotic surgery skills, the GEARS scores for the 
bladder neck and vesicourethral anastomosis procedures 
were particularly related to early continence recovery at 
3 months postoperatively (OR 0.69, 95% CI 0.51–0.94, OR 
0.70, 95% CI 0.50–0.97, respectively) [32, 33]. Although 
their evaluation method differed from that used in our study, 
the results indicated that good surgical performance may be 
related to early continence recovery postoperatively, which 
is consistent with our results [33]. In contrast, we found 
no association of nerve preservation, prostate size, or the 
number of previous surgeries with urinary continence. It is 
possible that the breakpoint of the learning curve for nerve 
preservation had not been reached or that the number of 
cases was insufficient to achieve it.

The GEARS includes the items “depth perception,” 
“bimanual dexterity,” “efficiency,” “force sensitivity,” 
“autonomy,” and “robotic control” [32], whereas the modi-
fied OSATS comprises the items “gentleness,” “tissue expo-
sure,” “instrument handling,” and “time.” Although there is 
no report on the merits of either the GEARS or OSATS, we 
thought that the modified OSATS was more appropriate for 
evaluating the surgical skills of novice surgeons, based on 
its constituent items. Nevertheless, as the OSATS has been 
reported to be correlated to the GEARS, either tool could 
provide valid results [34].

This study has some limitations. First, the reviewers had 
not received prior training, which caused some variation in 
the ICC. Nevertheless, we believe the validity of the results 
was maintained because all three reviewers agreed on the 
composition of the high- and low-OSATS score groups. 
Second, no effect of the OSATS score of the surgeons on 
the blood loss, complications, and positive surgical margins 
in the patients were found in the present study. A recent 
review showed that it requires more experience to reach the 
breakpoint of the learning curve for bleeding, complications, 
and positive surgical margins, compared with operative time 
[22]. It is possible that the number of cases in this study was 
too low to observe statistical significance in this respect. 
Finally, owing to the small number of surgeons who met 
the criteria, only six surgeons could be evaluated. Further 
research with an increased number of surgeons and surgical 
cases is required.

In conclusion, based on the study results, the initial tech-
nical skills of surgeons may be used to predict their learning 
curve in RARP and the patients’ clinical outcomes.
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