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Background

As surgical education continues to evolve, augmented reality (AR) and simulation-based
training have emerged as valuable tools for improving procedural proficiency and overall
technical acumen among orthopedic residents. Despite these advances, a gap remains in
effectively translating these simulated skills to the operating room. This dilemma is
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particularly seen in shoulder arthroscopy, where precise portal placement is critical for
safe and successful outcomes. Enhancing the accuracy and efficiency of portal placement
through innovative, real-time feedback tools may help bridge this gap.

Purpose

This study evaluated whether AR-assisted telecommunication using the OpticSurg Vision
Beyond™ system could improve orthopedic surgery residents’ efficiency in performing
arthroscopic shoulder portal placements in a cadaveric model.

Methods

Ten orthopedic surgery residents (PGY2-PGY5) participated in this study. Each resident
was timed on the placement of four standard shoulder arthroscopy portals—anterior
high, anterior low, Wilmington, and Nevaiser—with and without AR assistance from an
attending physician. The AR system enabled real-time audiovisual communication and

field-of-view annotation via smart glasses.

Results

Across all portal types, residents completed placements significantly faster with AR
assistance. Anterior high portal placement averaged 73 seconds with AR versus 152
seconds without (F(1,8)=24.70, p=.001). Similar statistically significant improvements
were seen for the anterior low, Wilmington, and Nevaiser portals. Senior residents
(PGY4-5) outperformed junior residents (PGY2-3) overall, with faster placement times
regardless of AR use, though AR assistance further enhanced their performance

compared to junior peers.

Conclusion

AR-assisted telecommunication significantly improved the efficiency of shoulder
arthroscopic portal placement among orthopedic residents, suggesting that AR platforms
may serve as valuable adjuncts in surgical training. The benefits were most pronounced
among senior residents, highlighting the potential of AR to refine advanced technical

skills in a controlled learning environment.

INTRODUCTION

Surgical skills training for orthopedic residents has evolved
over the past several years to include the use of simulators
and augmented reality (AR) (Stetson et al., n.d.; Dhillon et
al., n.d.). While their use has been shown to increase sur-
gical proficiency through surgical simulation, gaps still ex-
ist in translating these skills into the operative theater, par-
ticularly for arthroscopy. Fundamental to the proficiency of
shoulder arthroscopy is the accurate placement of arthro-
scopic portals. The location of precise entry points into the
joint is variable based on the surgical procedure being per-
formed. The ability to accurately identify and create por-
tals that will allow the treating surgeon to safely and ef-
ficiently reach specific areas of the glenohumeral joint is
paramount.

Through the use of simulators and AR, fundamental
principles can be gained by training physicians in a safe and
reproducible environment (Dhillon et al., n.d.). Stetson et
al. examined the use of AR telecommunication system on
orthopedic surgeons and noted positive real-time feedback
results during shoulder arthroscopy (Stetson et al., n.d.).
Nevertheless, the ability to translate this into the precision
required for shoulder arthroscopy remains undetermined
during orthopedic training.

The OpticSurg Vision Beyond™ Solution is a patent
pending proprietary software enabled by hands-free, voice-

activated AR smart glasses, allowing users to experience
education through real-time audio and visual feedback. The
platform streams video directly from the users’ field of vi-
sion to web-enabled screens and devices. This enables the
user and remote physician a unique chance to interact with
audio and annotate what the user sees in real time for
greater collaboration (Figures 1a and 1b). As such, a direct
link between the user’s field of vision and what the instruc-
tor sees on their interactive screens is happening as if the
attending physician was scrubbed next to the resident (Fig-
ures 2).

We hypothesized that an orthopedic surgery resident
in a cadaveric model could create common arthroscopic
shoulder portals in less time utilizing an AR telecommuni-
cations platform with attending assistance than without.

MATERIAL AND METHODS

10 orthopedic residents from a single training institution
were enrolled to be a part of the study. These residents en-
compassed all years of training (PGY2-5) and included both
male and female participants (8M, 2F). 3 orthopedic board-
certified sports medicine surgeons were also enrolled. Res-
idents were randomly assigned to one of two shoulder ca-
daveric specimen positioned in the lateral decubitus
position. Standard anatomic landmarks were created on the
specimens by one of the attending physicians. On speci-
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Figure 1a. In this photo (1a), the resident is wearing
the AR glasses and viewing into an arthroscopic
instrument caddy on the back table. The image seen is
what the attending physician can see on their
computer from a remote location.

Figure 1b. In image 1b, the remote attending can
verbally tell the resident which instrument to use and
is able annotate (orange double circles) the screen to
point to the exact tool. The resident wearing the AR
glasses can see that annotation in real time on their
glasses.

men 1 the residents wore surgical glasses equipped with AR
telecommunications capabilities connected to one of the
attending physicians located outside of the cadaveric lab.
On specimen 2, the residents wore standard glasses with-
out any technological capabilities. Each resident completed
the timed portal identification task assisted and unassisted.

Figure 2. Pictured is a right shoulder in the lateral
decubitus position. The surgeon is wearing the AR
glasses and viewing down on the shoulder during an
anterior portal placement. Visual (double orange
circles) and auditory assistance can be obtained during
this by an outside physician who is able to visualize
this field and provide direction.

Prior to entering the cadaver lab, the residents were edu-
cated on 4 commonly utilized intra-articular arthroscopic
shoulder portals through a PowerPoint and stock internet
photos showing portal locations. These portals were: high
anterior rotator interval, low anterior rotator interval, the
Portal of Willmington, and Nevaisar’s Portal. Each portal
was marked sequentially in this order. Once assigned to a
specimen, the resident was timed for how long it took to
identify each portal with a spinal needle, with a 5-minute
maximum time limit per portal. Appropriate portal place-
ment was confirmed by one of the 3 attending physicians
verifying the location of the placed spinal needle(s) (Figure
3). The confirmation was verified as appropriate based up
the ability to have the spinal needle be visualized within
the glenohumeral joint and have it access corresponding in-
tra-articular structures. For example, the high anterior por-
tal was deemed acceptable if the spinal needle was able to
access the superior portion of the glenoid and the biceps.
Similarly, Nevaisser’s portal was deemed appropriate if the
spinal needle was able penetrate through the confluence of
the acromion and clavicle superficially and reach the supe-
rior glenoid and labrum intra-articularly. During the por-
tion of the testing where the residents wore the telecom-
munication glasses, the attending physician was allowed to
verbally and visually guide (annotate in their viewing field)
the resident as to where the portal should be made. At the
conclusion of exercise, all portal times were collected and
calculated by a statistician.
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Figure 3. Pictured is a right shoulder in the lateral
decubitus position. The 4 spinal needles were placed
by an orthopedic resident who was assisted with an
augmented reality telecommunication set of glasses
for identification of 4 common shoulder arthroscopy
portals. These portals are as follows: (1) Nevaiser’s
Portal, (2) High anterior rotator interval, (3) low
anterior rotator interval, (4) Portal of Wilmington.

STATISTICAL METHODS

SPSS software, Version 29.0.2.0 (20), was used for data
analyses. The primary purpose of the analyses was to de-
termine whether AR assistance (use of ugmented reality de-
vices (glasses) that enable the attending to provide real-
time feedback to residents) resulted in a significant
decrease in the time (in seconds) for the residents to com-
plete portal placement. Another purpose of the analyses
was to determine if senior residents (PGY4 and PGY5) com-
pleted the portal placement faster than junior residents
(PGY2 or PGY3). To that end for each portal placement,
each resident completed the task with or without aug-
mented reality assistance. The data for each portal place-
ment were analyzed using a 2 (Resident Seniority Level) x
2 (Augmented reality assistance) crossed factorial design.
The Resident Seniority level was a between-subjects vari-
able and AR assistance was a within-subjects variable.

RESULTS

All 10 of 10 orthopedic surgery residents enrolled com-
pleted the testing. The PGY participant distribution is
noted in Table 1. Across all 4 portals, the mean number
of seconds to complete portal placement was significantly
lower when residents received AR assistance (Table 2). The
mean time for residents to complete the anterior high ro-
tator interval portal was significantly lower in the AR-as-
sisted condition (73 seconds) than in the unassisted condi-
tion (152 seconds), F(1,8)=24.70, p=.001. The mean time for
residents to complete anterior low rotator interval portal
placement was significantly lower in the AR-assisted con-
dition (63 seconds) than in the unassisted condition (116

seconds), F(1,8)=27.37, p<.001. Similarly, the mean time for
residents to complete the portal of Wilmington placement
was significantly lower in the AR-assisted condition (102
seconds) than in the unassisted condition (154 seconds),
F(1,8)=10.06, p=.013. Finally, the mean time for residents to
complete the Nevaisser portal placement was significantly
lower in the AR-assisted condition (104 seconds) than in
the unassisted condition (179 seconds), F(1,8)=15.98,
p=.004.

Across all 4 portals, the number of seconds to complete
portal placement was lower for senior residents (PGY4 or
PGY5) than for junior residents (PGY2 or PGY3) regardless
of whether or not AR assistance was applied (Table 2). The
mean time for residents to complete anterior high por-
tal placement was significantly lower for senior residents
(70 seconds) than for junior residents (156 seconds),
F(1,8)=8.74, p=.018. Similarly, the mean time for residents
to complete anterior low portal placement was significantly
lower for senior residents (65 seconds) than for junior res-
idents (114 seconds), F(1,8)=6.42, p<.001. For the Portal
of Wilmingtonl and the Nevaisser portal, senior residents
were faster than junior residents to complete portal place-
ment but the differences were not statistically significant.
More specifically, when AR was applied to portal place-
ment, the senior residents demonstrated significantly
faster times to portal identification utilizing AR assistance
than without compared to the junior residents (Table 3,
Table 4).

DISCUSSION

This study demonstrates that AR telecommunication can
significantly enhance the efficiency of orthopedic surgery
residents during shoulder arthroscopy portal placement.
The use of a real-time, voice and visual interactive AR
platform provided an immersive and tangible learning en-
vironment, allowing residents to receive immediate feed-
back and visual guidance from experienced attending sur-
geons. These findings suggest that AR technology can serve
as a valuable adjunct in surgical education, particularly in
arthroscopic shoulder procedures, where precision is very
important.

The reduction in time required to complete the portal
placements with AR assistance highlights the potential for
this technology to accelerate the learning curve for resi-
dents. Notably, while senior residents outperformed junior
residents overall, the use of AR further improved perfor-
mance across both groups. This emphasizes its utility re-
gardless of experience level. Stetson et al. has previously
presented on their findings using an AR platform with 10
orthopedic surgeons for remote teaching in shoulder
arthroscopy. Their findings noted such a methodology was
a safe and effective tool for potentially training surgeons
globally (Dhillon et al., n.d.).

This real-time, remote interaction mimics the in-person
guidance typically available in the operating room, but with
the added benefits of flexibility, scalability, and repro-
ducibility. Beyond cadaveric training, this approach holds
promise for intraoperative teaching and remote proctoring
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during live surgical cases, particularly in settings with lim-
ited access to expert supervision. AR surgical simulators
and AR headsets are often being used for furthering surgi-
cal experiences and training. The results of these have been
very positive, however the drawbacks include the inability
to have true tactile feedback with surgical instrumentation
and the inability to locate and create portals with precision
on true human anatomy (Matthews and Shields 2021). To
date, many of the areas of exploration of AR have focused
on open surgery, such as spine, trauma, and arthroplasty
(Wang et al. 2016; Tu et al. 2021; Kiarostami et al. 2020; Lo-
gishetty et al. 2019). This current study highlights a poten-
tial avenue of extension through shoulder arthroscopy.

While the results are encouraging, this study was not
without limitation. Our method of testing was limited to
a cadaveric model consisting of 2 specimens. Variability of
patient size and anatomy may pose different challenges to
residents performing the procedure. During the testing, nu-
merous issues occurred with poor connectivity of the inter-
net via a wireless connection between the AR glasses and
the physician located at the remote computer. These is-
sues included dropped calls requiring both parties to dial
back into the secure connection. In a real world setting this
would result in the surgeon needing to break scrub to per-
form this task. Another issue noted was calibration for the
field of view did vary from different sets of AR glasses. More
specifically, one set of AR glasses had a field of view slightly
skewed to the left, requiring the remote surgeon to contin-
ually ask the resident to turn their head to allow for the re-
mote surgeon to see the field of view completely. This was
ultimately addressed by swapping out the AR glasses for
another pair. The study also fails to identify skill retention
by the residents. It would be of benefit to know if the use
of the AR headsets for portal guidance could translate into
muscle memory to allow for the resident to return at a later
time with retained proficiency. Lastly, this study has a small
sample size due to the limitation in number of residents in
the study program. A larger scale evaluation across various
training years would potentially provide better insight into
the scalability of this technology.

Further research is warranted to evaluate the translation
of these findings into clinical practice, as well as to explore
long-term retention of skills acquired through AR-assisted
learning. Future studies should also assess user satisfac-
tion, cognitive load, and the cost-effectiveness of imple-
menting such systems in residency programs. Furthermore,
data analysis examining whether the speed of portal place-
ment and accuracy could lead to improved outcomes would
be of benefit. Overall satisfaction was noted by the resi-
dents who participated within the study. The authors be-
lieve that through further testing and study, the use of an
AR telecommunication platform that allows for direct field
of view interactions between the user and a remote surgeon
can lead to improved learning experiences for surgeons in
training.

LEVEL OF EVIDENCE

[II-case-control study.

Table 1. Breakdown and distribution of Orthopedic
Resident participants by PGY and gender. Additionally,
the number of sports specific rotations each resident
had completed at time of study.

PGY Gender Number of Sports Specific
Rotations

PGY M 1

5

PGY5 M 1

PGY F 2

5

PGY4 M 1

PGY M 1

4

PGY3 F 1

PGY3 M 1

PGY3 M 1

PGY2 M 0

PGY2 M 0
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Table 2. Effect of Augmented Reality Assistance on Time to Complete Portal Placement (seconds)

Augmented Reality-Assistance Main Effect
Yes (Msec) No (Msec) F(1,8) p
Anterior High Portal 73 152 24.70 .001
Anterior Low Portal 63 116 27.37 <.001
Portal of Wilmington 102 154 10.06 013
Nevaiser Portal 104 179 15.98 .004

Msec=Mean number of seconds required to correctly identify theportal, F=F statistic, p=probability (significance level).
Across all 4 portals, the mean number of seconds to complete portal placement was significantly lower when residents received augmented-reality assistance regardless of PGY level.

Table 3. Overall Effect of Resident Level on Time to Complete Portal Placement (seconds)

Resident (R) Main Effect
Portal Senior R (Msec) Junior R (Msec) F(1,8) p
Anterior High Portal 69.5 155.5 8.74 .018
Anterior Low Portal 64.8 114.3 6.42 .035
Portal of Wilmington 106.7 148.9 3.07 .118
Nevaiser Portal 116.1 179.0 2.16 .180

R=resident, Msec=mean number of seconds required to correctly identify the portal, F=F statistic, p=probability (significance level).
The time to complete a portal identification, both with and without AR assistance was found to be faster in the senior level residents (PGY4-5) than in the junior level residents
(PGY2-3) across all 4 portals.

Table 4. Effect of AR Assistance and Resident Level on Time to Complete Portal Placement (seconds)

Augmented Reality-Assistance Interaction:
PGY x ARA
Resident Level Yes (Msec) No (Msec) F(1,8) p
Anterior High Portal PGY2or PGY3 108.2 202.8 8.74 .018
PGY4 or PGY5 374 101.6
Anterior Low Portal PGY2 or PGY3 75.2 1534 6.71 .032
PGY4 or PGY5 51.6 78.0
Portal of Wilmington PGY2or PGY3 117.2 180.6 0.42 .533
PGY4 or PGY5 85.8 127.6
Nevaiser Portal PGY2or PGY3 126.4 208.0 0.14 722
PGY4 or PGY5 82.2 150.0

M=Mean number of seconds required to correctly identify the portal, F=F statistic, p=probability (significance level).
A significant interaction means that the effect of AR-assistance on the mean number of seconds to complete portal placement is significantly lower for PGY2/PGY3 residents than for
PGY4/PGYS5 residents. This significant interaction was observed for the anterior high portal and the anterior low portal but not for Wilmington and Nevaiser.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.
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