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Introduction
Residency programs worldwide have conventionally followed 
a one-to-one apprenticeship model. This has changed over the 
past decades, particularly in orthopedics due to the restriction 
in resident working hours in some countries, more complex 
procedures, an increased risk of lawsuits, and increasing operating 
room (OR) cost.[1-6] To face these restrictions, the United States[7] 
recently incorporated simulation to the residency curricula for the 
postgraduate 1 year (PGY1) residents and the United Kingdom[8] 
is working on a curriculum for orthopedic education that evaluates, 
among other things, motor skill development known as the 
Orthopedic Competency Assessment Program.[8]

Simulation in medicine has been defined as any technology 
or process that recreates a contextual background and hence 
that the trainee can experience an error and receive feedback 
in a secure environment.[3] Arthroscopic surgery is one of 
the most common procedures in orthopedic surgery, with 
highly demanding technical aspects. It requires visuospatial 

coordination to manipulate instruments while interpreting 
three-dimensional (3D) images in 2D. This makes it prone 
to simulation training.[1] Simulation in arthroscopy has 
consistently shown improvement in trainees’ motor skills. 
However, there are currently no formal plans for compulsory 
simulation training, and it is not yet widely implemented into 
residency and fellowship training.[5,9-14]

Internal validation for simulators is the capability of the 
simulator to differentiate between a novice and an experienced 
surgeon, and this has been the most studied aspect of arthroscopic 
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simulators up until now. Most studies have assessed abilities 
in one moment in time, and only a few have attempted to test 
the transferability of motor skills acquired with the simulator 
to the OR. This is known as external validation.[9,15,16]

The main objective of this study was to compare resident’s 
and attending surgeons’ scores before and after completing 
a sequence of exercises on the knee arthroscopic virtual 
reality simulator ARTHRO Mentor™, from Simbioni × 3D 
Systems (Cleveland, Ohio) that included a knee diagnostic 
arthroscopy with and without a probe.

Materials and Methods
All residents who were enrolled in our hospital’s orthopedic 
residency program, including the ones who would be 
starting on March were invited to participate. Every 
orthopedic attending surgeon working at our hospital was 
also invited to participate. Eighteen residents accepted the 
invitation (all four new residents, four PGY1, four PGY2, 
four PGY3, and only two PGY4) and twenty attending 
surgeons (ten who were classified as arthroscopists and 
ten who were not classified as arthroscopists according to 
the Arthroscopy Association of North America’s criterion 
for arthroscopist). Demographic information for all 
participants were recorded, including hand dominance and 
videogame use.

For the simulation part, we used the ARTHRO Mentor™, 
located in our hospital’s simulation training center. It is a 
virtual reality simulator that provides haptic feedback when 
instruments come in contact with an anatomic structure inside 
the knee. This means that the user will feel resistance while 
handling the instruments during an arthroscopy. The model 
was a right knee and the instrument’s positions were fixed: 
the arthroscope was always handled with the left hand and 
the probe with the right hand, regardless of the participant’s 
handedness.

All the participants signed an informed consent to allow 
the use of data collected during the study. Every participant 
completed the same sequence of exercises on the ARTHRO 
Mentor™. It consisted of four basic tasks that form part of 
the Fundamentals of Arthroscopic Surgery Training (FAST), 
known as the FAST program, to learn how to navigate and 
triangulate with the simulator. They also completed a knee 
diagnostic arthroscopy with and without a probe with a random 
path and a knee diagnostic arthroscopy with and without a 
probe with a set path. In the knee arthroscopies, they had to 
locate- and touch, if they were using the probe-a series of 
blue spheres distributed throughout the knee. Every time the 
user repeats the excercise in the random path arthroscopies, 
the spheres appear in a different, non - predictable order. In 
the set path exercises, they appeared in a specific order every 
time the exercise was repeated. Each exercise was completed 
three times for a total of twelve repetitions. The positions of 
the spheres can be observed in Figures 1 and 2.

There was no time limit for completion and verbal 
coaching regarding the position of the spheres was 
available to all participants. A diagram with the location 
of the spheres and previous demonstration was given to 
the new residents who had never been in contact with 
knee arthroscopy.

The variables recorded were the ones measured by the 
ARTHRO Mentor™ for each exercise. These were: time to 
complete the exercise (which was converted from minutes 
to seconds), distance traveled by the arthroscope and the 
probe (measured in mm), arthroscope and probe roughness 
measured in N (which represents the number of collisions of 
an instrument with a structure within the knee), and a global 
score (ranging from zero to ten possible points).

The knee arthroscopies with and without a probe with a 
random path were considered the initial assessments, and 
knee arthroscopies with and without a probe with a set path 
were considered the final assessments. We gathered results for 
both the initial and final assessments for both residents and 
attending surgeons.

We first analyzed the difference between residents and attending 
surgeons in each assessment. Statistical analysis consisted 
of normality tests for continuous variables (Kolmogorov–
Smirnov and Shapiro–Wilk test). Parametric variables were 
described as medians (standard deviation) and nonparametric 
variables as means (interquartile range, minimum-maximum). 
Comparisons between parametric numeric variables were made 
with Student’s t test for the parametric and of Mann–Whitney 
U test for the nonparametric. Medians are reported with a 95% 
confidence interval. A two‑tailed P < 0.05 was considered 
statistically significant. Then, we calculated the differences 
between the final and initial assessment results for all the 
participants as a single group. Differences are reported as an 
absolute value from means or medians.

Figure 1: Sphere positions inside the right knee for the diagnostic knee 
arthroscopy without a probe. The blue spheres represent positions inside 
the knee that need to be found by the participant
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Results
Demographic information can be observed in Tables 1 and 2. 
Eighteen residents participated and twenty attending surgeons 
(ten arthroscopists and ten nonarthroscopists). The participants 
were on average 31 years of age, there were only eight 
women (six residents and two attending surgeons), 94.7% of 
participants were right-handed, and 81.6% of all participants 
played video games (94.44% or residents and 70% of attending 
surgeons). Of all participants, 34.2% had previous experience 
using the simulator (55.55% of the resident group and 15% 
of the attending surgeon group) P < 0.009. Residents were on 
average 28 years of age and attending surgeons were 38 years 
of age (P < 0.001), 90% of attending surgeons and 66.66% 
of residents were male. There were two left-handed residents 
and the rest were right-handed.

When comparing resident and attending surgeon scores for 
the initial assessment in arthroscopy without a probe, there 
were no statistically significant differences between them 
though attending surgeons tended to have better scores in 
time to complete the exercise (322 s vs. 341.67 s, P = 0.869) 
and roughness with the arthroscope (30 vs. 31.33, P = 0775). 
Meanwhile, residents had better results in the distance traveled 
with the arthroscope (19088.67 mm vs. 2323.50 mm, P = 0.517) 
and a better overall score (3.28 vs. 2.75, P = 0.619). For the final 
assessment in knee arthroscopy without a probe, there were also 
no statistically significant differences between residents and 
attending surgeons. Residents tended to have better results in time 
to complete the exercise (165 s vs. 219 s, P = 0.800), they traveled 
less distance with the arthroscope (952.33 mm vs. 1234.33 mm, 
P = 0.845), and scored slightly higher in the global score than 
attending surgeons (6.95 vs. 6.94, P = 0.798). Attending surgeons 
still had better scores in roughness (17.33 N vs. 19 N, P = 0.845) 
than residents. These results can be observed in Table 3.

For the initial assessment in knee arthroscopy with a probe, 
there were also no statistically significant differences in results. 

Residents had better scores in the distance traveled with the 
arthroscope (421 mm vs. 507.50 mm, P = 0.390) and the 
probe (1323 mm vs. 1381 mm, P = 0.775), roughness with 
the probe (8.67 N vs. 9.33 N, P = 0.845), and better overall 
score (7.04 vs. 6.93, P = 0.845) than attending surgeons. For 
the final assessment, attending surgeons had better results in 
time to complete the exercise, (137.66 s vs. 177 s, P = 0.460) 
roughness with the arthroscope (5.66 N vs. 6 N, P = 0.821), 
distance traveled with the probe (1034.67 mm–1559 mm, 
P = 0.177), and a higher overall score (7.57 vs. 6.86, 
P = 0.270). These results can be observed in Table 4.

We calculated the difference in results for all participants 
in the knee arthroscopy without a probe. We found a 
statistically significant improvement in the time to complete 
the exercise (initial assessment 333.33 s to 230.10 s, 
P < 0.001), roughness with the arthroscope (initial assessment 
30.16 N to 17.83 N, P < 0.001), and total global score 
(3.13–6.96, P < 0.001) [Table 5]. When we analyzed the 
same difference in score for the knee diagnostic arthroscopy 
with a probe, we found that there was some improvement 
in the time to complete the exercise (177.16 s to 155.66 s, 
P < 0.001), but participants traveled more distance with the 
arthroscope (447.83 mm to 553.16 mm, P < 0.001) and with 
the probe (1317.83–1364.50 mm, P < 0.004) and this was 
also statistically significant. For the final assessment, the use 

Figure 2: Sphere positions inside the right knee for the diagnostic knee 
arthroscopy with a probe. The blue spheres represent positions inside 
the knee that need to be found by the participant

Table 1: All participant's demographic characteristics

Characteristic Value
Age 31 (10, 25-70)
Female (%) 8 (21.1)
Male (%) 30 (78.9)
Right hand dominance (%) 36 (94.7)
Left hand dominance (%) 2 (5.3)
Attending surgeon (%) 20 (52.63)
Resident (%) 18 (47.36)
Experience with AM (%) 13 (34.2)
Videogame player (%) 31 (81.6)
Values presented as median (IQR, minimum - maximum) and absolute 
frequencies (%). AM: Arthro mentor, IQR: Interquartile range

Table 2: Demographic characteristics for participants by 
group

Characteristic Residents Attending 
surgeons

P*

Age 28 (2, 25-30) 38 (12, 
30-70)

<0.001

Female (%) 6 (33.33) 2 (10) 0.078**
Male (%) 12 (66.66) 18 (90)
Right hand dominance (%) 16 (88.88) 20 (100) 0.218**
Left hand dominance (%) 2 (11.11) 0 (0)
Experience with AM (%) 10 (55.55) 3 (15) 0.009**
Videogame player (%) 17 (94.44) 14 (70) 0.93**
Values presented as median (IQR, minimum - maximum) and absolute 
frequencies (%). *Mann-Whitney U-test, **Fisher’s exact test or χ2. 
AM: Arthro mentor, IQR: Interquartile range
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of both the arthroscope (5.33 N to 5.66 N, P = 0.880) and the 
probe (9.00–11.83 N, P = 0.153) was rougher than on the initial 
assessment, and the overall score was slightly higher, although 
these changes were not statistically significant. These results 
can be seen in Table 6.

Discussion
A systematic review conducted by Morgan et al. found that 
out of 76 studies involving simulation in orthopedics, 47 
were validation studies. The most studied kind of validation 

Table 3: Difference between initial and final assessment comparing resident and attending surgeons scores in knee 
arthroscopy without a probe

Variable Resident initial 
assessment

Attending surgeons 
initial assessment

P* Resident final 
assessment

Attending surgeons 
final assessment

P*

Time (s) 341.67 (193.67, 
934.67-115.67)

322 (186.33, 
969.67-165.33)

0.869 165 (124.17, 
119-415.33)

219 (155.42, 
103.67-498.33)

0.800

Arthroscope 
distance (mm)

1908.67 (1394.83, 
539.67-5076.67)

2323.50 (1931.42, 
729.33-5729.67)

0.517 952.33 (636.83, 
527.22-2326.33)

1234.33 (722.92, 
458.67-3474)

0.270

Arthroscope roughness (n) 31.33 (43.67, 10.33-106) 30 (37.42, 6.67-101.33) 0.775 19 (16.50, 4.33-88.33) 17.33 (19.58, 8.33-76.67) 0.845
Score 3.28 (2.32, 0.23-7.48) 2.75 (3.25, 0.09-7.22) 0.619 6.95 (1.38, 9.49-5.18) 6.94 (0.97, 3.40-8.47) 0.798
The results are presented as median (IQR, minimum - maximum). Differences in medians (IC95%) as an absolute value. *Mann-Whitney U-test, Student’s 
t-test. P<0.005 is considered significant. There was no statistical significant difference between residents and attending surgeons. IC95%: Confidence interval 
of 95%, IQR: Interquartile range

Table 4: Difference between initial and final assessment comparing residents and attending surgeons scores in a knee 
arthroscopy with probe

Variable Resident initial 
assessment

Attending surgeon 
initial assessment

P* Resident final 
assessment

Attending surgeon final 
assessment

P*

Time (s) 177.33 (159.67, 
58.67-455.33)

167 (185.01, 
594.67-82.67)

0.892 177 (131.17, 
78.33-417.67)

137.66 (123.17, 
94.67-424.67)

0.460

Arthroscope distance (mm) 421 (455.34, 
110-1034.67)

507.50 (562.66, 
252.33-2933.33)

0.390 535 (430, 
213.33-1001)

576.66 (427.17, 
296.33-1374)

0.940

Arthroscope roughness (n) 5.67 (7.51, 0.00-19.33) 5.33 (10, 0.00-69.33) 0.707 6 (17.17, 0.33-46.33) 5.66 (21.83, 0.67-42.67) 0.821
Probe distance (mm) 1323 (2067.67, 

243-3527.67)
1381.33 (1178.41, 
493.33-2489.33)

0.775 1559 (1097, 
449.67-2757.33)

1034.67 (889.50, 
666.67-3496)

0.177

Probe roughness (n) 8.67 (13.84, 47.67-3.33) 9.33 (11.75, 3-134) 0.892 17 (17.50, 3-60) 11.50 (15.17, 4.67-35.33) 0.270
Score 7.04 (2.10, 3.81-9.09) 6.93 (1.96, 3.44-8.67) 0.845 6.86 (1.62, 4.63-9.48) 7.57 (2.39, 4.55-9.07) 0.270
Differences in medians (IC95%) as an absolute value. *Mann-Whitney U-test, Student’s t-test. P<0.005 is considered significant. There was no statistical 
significant difference between residents and attending surgeons. IC95%: Confidence interval of 95%

Table 5: Changes in scores in knee diagnostic arthroscopy without probe

Variable Initial assessment Final assessment Difference P*
Time (s) 333.33 (191.83, 115.66-969.66) 230.10 (127.41, 103.66-498.33) -103.23 <0.001
Arthroscope distance (mm) 2055.66 (1789.91, 539.66-5729.66) 1067.00 (714.83, 458.66-3474.00) -988.66 0.041
Arthroscope roughness (n) 30.16 (41.91, 106.00-6.66) 17.83 (17.25, 88.33-4.33) -12.33 <0.001
Score 3.13 (2.81, 7.47-7.39) 6.96 (1.04, 9.49-3.39) -3.83 <0.001
Differences in medians (IC95%) as an absolute value. *Mann-Whitney U-test, Student’s t-test. P<0.005 is considered significant. There was a statistically 
significant chance in time to complete the exercise, roughness with the arthroscope and total score. IC95%: Confidence interval of 95%

Table 6: Overall changes in scores in knee diagnostic arthroscopy with a probe

Variable Initial assessment Final assessment Difference P*
Time (s) 177.16 (182.33, 58.66-594.66) 155.66 (124.50, 78.33-424.66) -21.5 <0.001
Arthroscope distance (mm) 447.83 (444.16, 110-2933.33) 553.16 (431.25, 217.33-1347.00) 105.33 <0.001
Arthroscope roughness (n) 5.33 (7.33, 69.33-0.00) 5.66 (15.41, 46.33-0.33) -0.33 0.880
Probe distance (mm) 1317.83 (1362.66, 3527.66-243.00) 1364.50 (958.83, 3496.00-449.66) 46.67 0.004
Probe roughness (n) 9.00 (12.41, 134-3) 11.83 (16.16, 60-3) -2.83 0.153
Score 7.08 (1.88, 9.08-3.44) 7.21 (2.02, 9.47-4.55) -0.13 0.007
Differences in medians (IC95%) as an absolute value. *Mann-Whitney U-test, Student’s t-test. P<0.005 is considered significant. There was an improvement 
in time to complete the exercise, participants traveled more with the arthroscope, by the final assessment, there was also an increase in distance traveled 
with the probe for all participants. IC95%: Confidence interval of 95%
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was construct (internal) validation. Construct validation is 
useful to differentiate between the levels of surgical ability. 
Sixty-two percentage of the construct validation studies were 
for arthroscopy, and most of these were knee arthroscopy 
studies.[15] Hetaimish et al. also found in a systematic review 
that the most commonly studied and reported type of validity 
was construct validity in 85% of studies. Fifty-four percent 
of the studies evaluated the internal validity of simulators. 
External validity (or surgical ability of transferability to the 
OR) was reported in 62% of studies. Twenty-three percentage 
of studies investigated the transferability of simulator abilities 
to the OR and 46% studied transferability of abilities between 
different simulators.[16]

Most studies with arthroscopy simulators have focused on the 
internal validation (or construct validation) of simulators and 
their capacity to improve resident’s arthroscopic abilities. It 
has been demonstrated that less experienced users tend to have 
worse scores than more experienced ones.[9,17-24]

We could wonder if internal validation studies in simulators 
have really validated pure motor skills or the overall ability of 
the surgeon to complete a knee arthroscopy. Since conditions 
regarding the knowledge of the simulator, how the exercise is 
structured and how to get to the spheres was homogenized with 
verbal coaching to the extent that we did not see a statistically 
significant difference in pure motor skills.

We did not find a statistically significant difference between 
both groups in the present study, which could mean we have 
not internally validated the ARTHRO Mentor™ at our hospital. 
However, since there have been many publications that prove 
internal validity, we assume its capacity to differentiate 
between ability levels.[6,22,23] This can be explained because 
this study design had certain differences to most published 
ones. These differences were that there was no time limit and 
the objective was that all participants completed the whole 
sequence. Verbal coaching was available to all participants to 
help locate the spheres. While the effect of coaching was not 
measured, subjectively, residents and nonarthroscopists could 
have taken longer to complete the exercise. Participants spent 
between 90 and 120 min working on the same task, while the 
order that the spheres appeared is changed, the exercises were 
practically the same.

In a systematic review by Tay et al. about simulators in 
arthroscopy, the most reported variable in all studies was 
the completion time for the exercise. The next most reported 
variable was movement economy (traveled distance with 
arthroscope and probe). The number of collisions with the 
cartilage reported as roughness was the less reported variable. 
They found only one study that demonstrated concurrent 
validity (to what extent do the results of the simulator correlate 
with the gold standard of the domain).[25] In most internal 
validation studies, it has been concluded that the movement 
analysis (especially traveled distance by the instruments and 
completion time) can discriminate between expert and novice 
surgeons.[16,19,24] We did not find important differences between 

our two groups, but we noticed an improvement in the time 
to complete the exercise, roughness with the arthroscope, and 
total score. Based on this, we could assume that our participants 
could go from novice to expert in a simulated knee arthroscopy 
after 90–120 min of continued practice. Although this does 
not mean that they became experts in knee arthroscopy after 
this time, motor training and constant practice can surely be 
beneficial.

Most studies report standard deviations and differences 
between groups, but almost no study reported the absolute 
values for any variable studied.[21,26,27] As far as we can tell, 
there are no reference values to determine who is considered 
an expert and who is considered novice based on the simulation 
values or set reference value to assure competency. The other 
only study we found where actual values are reported is the one 
published by Jacobsen et al.[19] They had a group of residents 
and experienced surgeons perform different exercises on the 
virtual reality simulator, two of them were knee diagnostic 
arthroscopy with and without a probe, similar to this study. The 
difference is that they only completed the exercise one time, 
while in this study, there was an initial assessment consisting 
on a sequence of three repetitions for each exercise, and a 
final assessment also consisting of three repetitions for each 
exercise. While they report medians and standard deviations 
and we report means and interquartile differences, we found 
certain differences in reported values.[19] There was an overall 
improvement in most variables in our study groups compared 
to Jacobsen’s groups after practicing for about 90–120 min 
in this study which also supports the idea that with enough 
practice not only residents can improve their motor skills. 
We believe simulation can be beneficial even for established 
surgeons as a means to improve their skills. It could also work 
as a recertification tool.

Although there are no established reference values to determine 
a certain level of proficiency in simulated knee arthroscopy, 
Jacobsen et al.[19] established a pass–fail system with standard 
deviations in their study. This needs to be further explored and 
we believe researchers need to start reporting values besides 
standard deviations to make a pooled effort to establish 
reference values.

In general, arthroscopy simulator studies have found that there 
is a significant improvement in resident’s surgical abilities 
after the use of high‑ and low‑fidelity simulators. For the time 
being, no study that we know has been able to determine if a 
high‑fidelity simulator is better than a low‑fidelity simulator 
for the acquisition of surgical skills. There have also been 
inconsistencies in the way of evaluating and reporting 
performance on the simulators.[16,20-24]

In a recent study by Marcheix et al. conducted over a 4-month 
period comparing residents who were trained on a virtual 
reality simulator and controls who were experienced surgeons, 
they found worse scores in pretest evaluation for residents 
than for controls. This difference, however, was not present 
after 12 weeks of regular use of the simulator by residents.[28] 
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Another study showed that training for 5 h over 1-week period is 
significant to improve the skills of an inexperienced surgeon.[26] 
These findings are similar to ours to a certain extent, although 
practice time was close to 2 h instead of 5 h over a week in 
this study. When we analyzed the difference between scores 
during the initial assessment and the final assessment for the 
knee arthroscopy without a probe, we found an improvement in 
time to complete the exercise, roughness with arthroscope, and 
score for all participants. This did not mirror the results of the 
knee arthroscopy with the probe where only time to complete 
exercise improved. Still, we believe this shows that practice 
helps improve the results in knee diagnostic arthroscopy with 
and without a probe. If participants are conscious of what each 
variable represents and practice enough, they can achieve 
better results. We also believe that practicing using a simulator 
could be beneficial even for established orthopedic surgeons or 
surgeons who are not as familiar with arthroscopy. Assessment 
with a simulator could even help with board certification and 
competency evaluations for surgeons of all levels of expertise.

As part of this study, on a previously published article, we 
used the final assessment results for residents and attending 
surgeons to establish reference values as base line controls 
for follow-up for a training program.[27] Still, as we discussed 
earlier, global scores were not high, and we believe they can 
be improved and used for competency-based evaluation. For 
evaluating competency for the Da Vinci robot, Raison et al. 
proposed expert competency levels of >75% based on a 
percentage score related to an established mean expert score 
as suitable for expert practitioners.[29] We believe this could 
be a good way to set competency levels with arthroscopic 
simulators; however, mean expert scores and absolute values 
need to be established in the literature.

This is the first study done in Mexico with a virtual reality 
arthroscopy simulator. There are a few limitations and differences 
with other studies. First, the sample size was small since there are 
few residents in each academic year, and we had few attending 
surgeons participated in the study. We grouped the arthroscopist 
and nonarthroscopist attending surgeons in a single group 
because they were small groups each and we could not do a 
significant analysis by subgroups. In other studies, participants 
have had a limited amount of time to practice and complete the 
evaluation. In this study, there was no time limit, and hence the 
completion time of the whole sequence ranged between 90 min 
and almost 120 min. We also provided verbal coaching to help 
find the spheres. We believe this is useful to help homogenize 
the groups and eliminate differences that account for interphase 
use, knowledge of the virtual reality program, and small technical 
differences on how to perform an arthroscopy, especially with 
younger residents (flexing and extending the knee to reach certain 
areas in the knee or applying varus or valgus stress). Residents 
from PGY2 to PGY4 were familiar with the ARTHRO Mentor™ 
almost none had had a lot of practice. Only three attending 
surgeons had previously used the ARTHRO Mentor™.

Since we observed an improvement after practicing and 
repeating the same exercises in residents and attending 
surgeons, we believe practice and simulation could be helpful 
to further develop anyone’s basic motor skills for performing 
arthroscopy. These results, together with the actual available 
literature encourage us to start a training program incorporating 
simulation for motor arthroscopic competency added to the 
already theoretical classes residents have over the academic year.

The next steps in the investigation with simulation training 
are to standardize the assessment of simulation arthroscopy 
validation, set reference values for competency and prove 
that practicing using the arthroscopy simulator can lead to 
improvement in a real arthroscopy – that is to prove external 
validation.

Conclusions
We did not find any statistically significant differences between 
residents’ and attending surgeons’ scores for the initial and final 
assessment in knee arthroscopy with and without a probe. We 
did observe an improvement in time, arthroscope roughness, 
and overall score for everyone in knee arthroscopy without 
a probe after practicing for a period of time. We believe that 
with enough practice, it is possible for all users to improve 
their performance in knee arthroscopy. External validation 
studies are needed for virtual reality simulators and reference 
values need to be standardized to establish an objective level 
of competency in the simulator.
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