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Arthroscopy Skills Development
With a Surgical Simulator
A Comparative Study in Orthopaedic Surgery Residents
Brian J. Rebolledo,*y MD, Jennifer Hammann-Scala,z CST, Alejandro Leali,y MD,
and Anil S. Ranawat,y MD
Investigation performed at the Hospital for Special Surgery, New York, New York, USA
Background: Surgical simulation has become increasingly relevant to orthopaedic surgery education and could translate to
improved operating room proficiency in orthopaedic surgery trainees.
Purpose: To compare the arthroscopic performance of junior orthopaedic surgery residents who received training with a knee
and shoulder arthroscopy surgical simulator with those who received didactic training.
Study Design: Controlled laboratory study.
Methods: Fourteen junior orthopaedic surgery residents at a single institution were randomized to receive knee and shoulder
arthroscopy training with a surgical simulator (n = 8) or didactic lectures with arthroscopy models (n = 6). After their respective
training, performance in diagnostic knee and shoulder arthroscopy was assessed using a cadaveric model. Time to completion
and assessment of arthroscopic handling using a subjective injury grading index (scale, 1-10) was then used to evaluate performance in final cadaveric testing.
Results: Orthopaedic surgery residents who trained with a surgical simulator outperformed the didactic-trained residents in
shoulder arthroscopy by time to completion (–35%; P = .02) and injury grading index (–35%; P = .01). In addition, a trend toward
improved performance of knee arthroscopy by the simulator-trained group was found by time to completion (–36%; P = .09) and
injury grading index (P = .08).
Conclusion: In this study, junior orthopaedic surgery residents who trained with a surgical simulator demonstrated improved
arthroscopic performance in both knee and shoulder arthroscopy. However, future validation of surgical simulator training for
orthopaedic surgery residents remains warranted.
Clinical Relevance: Surgical skill development with an arthroscopy surgical simulator could translate to improved arthroscopy
performance in the operating room.
Keywords: virtual reality; surgical simulator; surgical education; arthroscopy simulator

Development of arthroscopy surgical skills among orthopaedic surgery residents can be varied because of the training experiences provided. The surgical experience of
residents has long been tied to an apprenticeship model
in the operating room under the guidance of a senior surgeon.14 Still the mastery of any surgical operation often
requires extensive training, with arthroscopy proficiency
being no different.
In July 2013, the Accreditation Council for Graduate
Medical Education changed requirements for orthopaedic
surgery residents to obtain basic arthroscopy training in
their first year of training. However, postgraduate year 1
(PGY 1) resident training also consists of 6 months of
structured education on nonorthopaedic rotations.1 These
expanding requirements can leave a limited period of
time for junior orthopaedic surgery residents to obtain
early surgical training. Work-hour restrictions have also
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prompted concern over limited operative experience.5,11,15
As the training requirements have evolved, residency programs have also been placed under pressure to adapt to
these parameters while still providing high-quality educational experiences for residents in both operative and classroom environments.
Previous work by Howells et al10 showed that surgical
simulator training leads to improved operating room performance in junior orthopaedic residents. Increased experience with the simulator showed improvements with time to
completion, hand movement analysis, global rating scale,
and assigned competencies in PGY 1 and 2 residents.
These findings have not been isolated to orthopaedic education, as general surgery,6,19 ophthalmology,18 and even
aviation training has shown similar benefits with virtual
reality training.4 As this technology becomes readily available, junior-level orthopaedic surgery residents may show
further benefit with an arthroscopy simulator that may
enrich the educational experience, provide early exposure,
and translate to improved arthroscopic performance.
Accordingly, simulator training at the junior level may
also mitigate risks to patient safety.
In this prospective randomized study, our aim was to
assess the performance outcomes of junior orthopaedic surgery residents who receive training with a knee and shoulder arthroscopy simulator in comparison with those who
receive didactic training. We hypothesized that residents
who train with the arthroscopy surgical simulator will
demonstrate improved performance by time to completion
of a diagnostic arthroscopy checklist and will demonstrate
greater surgical skill in arthroscopy.

METHODS
This was a prospective randomized single-blinded study
designed to compare the arthroscopic performance of
junior orthopaedic surgery residents at a single institution
who trained with an arthroscopy surgical simulator. PGY 1
and 2 residents at a single institution were designated into
2 groups using simple randomization to either train on
a virtual reality surgical simulator (Insight Arthro VR;
GMV) (group 1) for a total of 2.5 hours (n = 8) or receive
2 hours of didactic lectures on basic arthroscopy, which
included the use of arthroscopy instruments and knee/
shoulder models (group 2) (n = 6). Randomization to each
group was computer generated and took place before start
of the study. After their respective training, residents were
then assessed in their arthroscopic performance using
a cadaveric model of both shoulder and knee arthroscopy.
No resident in this study had simulation training experience before the study, along with no previous rotation
that encompassed shoulder or knee arthroscopy. Demographic information was obtained for each participant,
including age, sex, and PGY level.
Arthroscopy training using the surgical simulator was
modeled to replicate the operative experience. The simulator involved a high-definition monitor with 2 robotic arms
that involve force-reflective technology with interactive

live feedback provided to the participant. The camera
used in the training modules represented a 30° camera
for both shoulder and knee modules. The training modules
specific to the simulator included a ‘‘blue sphere’’ program,
which designated landmarks to be probed as part of the
diagnostic arthroscopy modules as previously described12
(see the Video Supplement). Simulator modules performed
in this study included basic task performance comparable
with the diagnostic arthroscopy checklist. Higher level
task performance or procedure-based modules were not
utilized as part of the simulator training. Also, no scoring
of the simulator modules was recorded as part of the resident training. This type of training program with a surgical
simulator has been correlated with the experience and performance in a cadaveric model.12
Didactic lectures received by study participants
included a PowerPoint (Microsoft Corp) presentation on
basic arthroscopy. This included the use of arthroscopy
instruments used in the operating room, steps and procedural instructions involved in diagnostic arthroscopy of
the shoulder and knee, and knee/shoulder models to be
handled by the residents to gain familiarity. Proper positioning of the arthroscope and basic functions were also
covered. The didactic lecture also used images of anatomic
landmarks to be encountered during basic arthroscopy
tasks with stepwise instruction of a diagnostic evaluation.
After the completion of arthroscopy training, a cadaveric
model of both shoulder and knee arthroscopy was used to
assess arthroscopic performance in both groups. Testing
included time required to complete a standardized arthroscopy checklist for both shoulder and knee cadavers (see the
Appendix, available online at http://ajsm.sagepub.com/
supplemental), and a generated injury grading index
(IGI) to assess dexterity, probe collisions, and presumed
intra-articular injury. The IGI was created as a psychometric scale graded from 1 to 10 (1 being best), similar to a linear progression such as the visual analog scale, to
subjectively evaluate for potential intra-articular injury
(Table 1). The 2 senior investigators (A.L. and A.S.R.) on
this study determined each resident’s IGI based on direct
observation during cadaveric testing. Both senior investigators were blinded to the randomization of each resident’s
respective training before final cadaveric testing. Random
assortment of intergroup participants was also used during
cadaveric testing. Checklists were used to assess performance, and time to completion was used for both the shoulder and knee cadavers. Portal landmarks and incisions
were made before cadaveric testing so that instruments
could be introduced in a more facile manner with diminished effect on timing measurements for each participant.
Study approval was obtained by our institutional review
board. No external funding was received for this study.
Overall summary statistics were calculated in terms of
means and standard deviations for continuous variables
and frequencies (age, time to completion, and IGI score)
and percentages for categorical variables (sex and PGY
level). Group differences for discrete variables were evaluated using chi-square or Fisher exact test. Statistical significance was set at alpha equal to 0.05. All analyses
were performed using SPSS version 14.0 (IBM Corp).
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TABLE 1
Injury Grading Index Performance Scale
Score
Excellent arthroscopic
handling
1
2
Very good arthroscopic
handling
3
4
Fair arthroscopic
handling
5
6
Poor arthroscopic
handling
7
8
Very poor arthroscopic
handling
9
10

Description of Performance

With no intra-articular injury
With minor intra-articular injury

TABLE 2
Injury Grading Indexa
Arthroscopy
Model

Simulator-Trained
Group (n = 8)

Didactic-Trained
Group (n = 6)

P Value

4.0 6 1.0
3.6 6 0.9

5.3 6 1.5
5.5 6 1.5

.08
.01b

Knee
Shoulder
a

Values are expressed as mean 6 SD.
Statistically significant between-group difference (P \ .05).

b

With minor intra-articular injury
With moderate intra-articular injury

With minor intra-articular injury
With moderate intra-articular injury

With moderate intra-articular injury
With significant intra-articular injury

With moderate intra-articular injury
With significant intra-articular injury

on PGY was equivalent between study groups (group 1:
90% PGY 1, group 2: 80% PGY 1; P = .76).
In cadaveric testing, the simulator-trained group demonstrated a shorter time to checklist completion in shoulder arthroscopy (group 1: 6.4 6 1.6 min, group 2: 9.9 6
3.2 min; P = .02). A trend toward improved performance
in knee arthroscopy was found in the simulator-trained
group (group 1: 5.1 6 1.8 min, group 2: 8.0 6 4.1 min;
P = .09) (Figure 1). In addition, the simulator-trained
group had improved IGI scores in cadaveric testing models
of shoulder arthroscopy (group 1: 3.6 6 0.9, group 2: 5.5 6
1.5; P = .01) and a trend found in knee arthroscopy (group
1: 4.0 6 1.0, group 2: 5.3 6 1.5; P = .08) (Table 2).

DISCUSSION

Figure 1. Time to completion of diagnostic arthroscopy
checklist in knee and shoulder cadaver testing. The striped
bars represent the group who trained on the simulator, and
the shaded bars denote the group who received didactic
training. *P \ .05.

RESULTS
Fourteen junior-level orthopaedic surgery residents in
either their PGY 1 or 2 participated in this study, with 8
residents randomized to group 1 (surgical simulator training) and 6 to group 2 (didactic training). The average age of
the participants was 29.4 years (range, 26-32 years) in
group 1 and 29.0 (range 27-32) in group 2 (P = .75). There
was no difference in sex between groups (group 1: 7 men,
group 2: 4 men; P = .76). In addition, level of training based

Surgical simulation has become increasingly relevant to
orthopaedic surgery education and has been shown to be
an effective tool for arthroscopy training.3,8,16 In our prospective randomized study, we found that training with
a surgical simulator translated to improved performance
in diagnostic shoulder arthroscopy in junior-level residents.
Improvements were found in time to completion and IGI for
shoulder arthroscopy. While the simulator-trained group
also showed a trend toward improved skill in knee arthroscopy, the differences found did not reach significance. Still,
these early improvements of the simulator-trained group in
knee arthroscopy by completion time and instrument handling may manifest a more evident effect in eventual clinical
skill acquisition. Potential effects could extend beyond
reaching competence in arthroscopy, leading to improved
clinical care by means of simulator training.
Martin et al13 showed that simulator training in residents and attending surgeons led to improved performance
in a cadaveric model. In addition, it has been demonstrated
that arthroscopic skill achieved in the operating room correlates to performance on an arthroscopic surgical simulator.3 Invariably, the operating room environment could
also have an effect on a residents’ arthroscopy performance. Cannon et al3 clearly denoted as well that performance in their simulator study cannot be presumed to be
interchangeable with arthroscopic proficiency. While simulator training in our study was shown to improve arthroscopic performance in residents, it remains unknown
whether acquisition of skills using a surgical simulator
can ultimately lead to greater proficiency in arthroscopy
in our study population.
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As utilized in previous studies, our outcomes included
time required to complete a diagnostic arthroscopy checklist.7,8,17,20 Our study showed that simulator-trained residents showed improved time to completion for diagnostic
shoulder arthroscopy, yet this finding was not found in
knee arthroscopy. Possible factors related to this finding
could have been the amount of time allowed for training.
It is possible that if increased training time with the surgical simulator had been given, an objective difference may
have been found. In addition, this study may suggest that
a disparity exists in the training required for shoulder and
knee arthroscopy. It is unknown whether proficiency in
shoulder and knee arthroscopy would require varying levels
of experience. In addition, video game experience was not
accounted for in our study population, although no standardized assessment of video game experience related to
arthroscopy development currently exists. Subjective perception of the arthroscopy experience in the shoulder and
knee models was not accounted for in this study, although
overall time to completion for both groups was highest in
shoulder arthroscopy. This highlights the limitation that
our study remains underpowered; it is also limited by the
number of junior residents at our institution.
Qualitative evaluation of arthroscopy performance was
assessed by use of an IGI. By this measure, our study showed
that simulator trainees demonstrated improved instrument
handling in shoulder arthroscopy. As seen in previous studies,
subjective measures of arthroscopic performance have been
used.9,10 As suggested by Atesok et al,2 direct observation by
senior-level experts may not be a reliable method for assessment, as seen in determining the accuracy of instrument handling with potential recall bias occurring because of the
retrospective nature of the evaluation. Still the push for a validated assessment in virtual reality arthroscopy would help to
judge performance with this new training model.
In conclusion, this study suggests that junior orthopaedic
surgery residents who train with a surgical simulator demonstrate improved arthroscopic performance. Surgical simulator
training led to improved performance in cadaveric testing of
shoulder arthroscopy as compared with that of the residents
who did not receive the same simulator training. Additional
future validation of surgical simulator training for orthopaedic surgery residents remains warranted, with further studies
needed to address whether skills acquired with the simulator
can lead to proficiency in the operating room setting.
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