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Introduction  
Recently within surgical education, the development of extended reality (XR) devices has 
become a topic of interest to improve trainees’ surgical technique outside of the 
operating room. There is a growing body of literature which supports the use of XR, and 
it is important to understand the perceptions of orthopedic surgery trainees on the use of 
XR as an adjunct during training. 

Purpose  
Understand the perceptions of orthopedic trainees on the use of XR as an adjunctive 
surgical training tool. 

Methods  
An internally validated 18-question survey was sent to all US orthopedic residency 
program coordinators with the intent for distribution to each program’s respective 
residents. Responses with ≥ 70% completion were considered complete. 

Results  
Overall, 33% and 18% of residents agreed XR is needed, and all programs should offer XR, 
respectively. There was overall agreement (67%) for XR’s ability to improve procedural 
confidence and improve skill progression (65% agreed). Only 25% of respondents felt XR 
could accurately simulate orthopedic procedures and 36% agreed it could effectively 
model patient-specific anatomy for preoperative planning. Regarding XR’s ability to 
reduce intraoperative navigational error, 45% of respondents agreed. However, responses 
were more neutral for XR’s ability to reduce inpatient length of stay (40%) and ability to 
improve the accuracy of hardware/prosthetic placement (31%). Finally, 53% of 
respondents agreed that the largest barrier to integration of XR is cost, while 35% felt 
that a lack of dedicated time to use the technology during their training program was a 
major barrier. 

Conclusion  
The need for adjunctive surgical training outside of the operating room is clearly 
demonstrated from our results. Although it is unclear if XR will become a standard tool 
across all residency programs, orthopedic surgery residents do feel that the technology is 
useful in terms of skills progression and operative confidence. Thus, this study provides a 
preliminary framework which suggests a potential role for XR in orthopedic surgery 
training and the need for further study to address barriers to widespread integration. 

INTRODUCTION 

Within medicine, surgical specialties are unique in that 
trainees must face a sharp learning curve regarding learn
ing operative skills. Historically, the only way to improve 
surgical technique outside the operating room was by using 
cadavers and models (Crockatt et al. 2023). Recently, there 
has been more emphasis placed on extended reality (XR) 

systems to provide residents with high-quality training in 
various scenarios outside of the operating room. XR sys
tems including visual interface modalities such as virtual 
reality (VR), augmented reality (AR), and mixed reality 
(MR) provide immersive experiences by combining virtual 
environments with the real world (Curran et al. 2022). As 
these systems have continued to progress, so have their 
utility in bridging the steep learning curve of operative 
medicine. Currently, these devices are capable of simulat
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ing procedures in multiple surgical specialties (Gupta et 
al. 2024; Hakky et al. 2016; Bui et al. 2024; Portelli et al. 
2020). The efficacy of these systems is supported by an in
creasing body of literature suggesting that utilization of XR 
technologies may improve surgical outcomes by reducing 
both navigational speeds and error (Bollen et al. 2022; Guha 
et al. 2023). Further, there have been reports of XR train
ing allowing for greater consistency and improved skill pro
gression (Guha et al. 2023; Keith, Hansen, and Johannessen 
2018). 

Within the field of orthopedic surgery, the potential of 
XR as an adjunct to the surgeon intraoperatively is just re
cently being explored, such as in hip, shoulder, and knee 
arthroplasty (Hasegawa et al. 2023; Sanchez-Sotelo et al. 
2024; Tsukada et al. 2023). Alongside these studies, there 
are emerging reports of implementation of XR technologies 
as a tool for orthopedic surgery trainees outside of the op
erating room, with promising results (Hasan et al. 2021). 
Although these technologies have become more common, 
the views of trainees on these purported benefits of XR re
main underreported (Kuhn et al. 2024). Our study seeks to 
understand the perceptions of orthopedic surgery trainees 
regarding the utility, accuracy, and barriers to widespread 
integration of XR systems into orthopedic training pro
grams. 

METHODS 

SURVEY DESIGN AND ADMINISTRATION 

This study was designed as a cross-sectional survey which 
was administered using Qualtrics to assess orthopedic res
idents’ perceptions on the use of mixed reality in orthope
dic surgery training. The survey was composed of 18 ques
tions (Supplementary Table 1)   which were divided into 
five sections: demographics, perceived need for XR in or
thopedic training, accuracy of XR for simulating orthopedic 
procedures, ability of XR to enhance skill training, ability 
of XR to improve clinical outcomes, and challenges/barriers 
to integration of XR into orthopedic surgery training. The 
survey contained an initial mandatory question to validate 
the responder was an orthopedic surgery resident. If the re
spondent did not answer the question or was not a trainee, 
the survey was automatically ended. For survey questions 
which evaluated respondent agreement a modified Likert 
scale was used. As such, users rated their level of agree
ment with the following scores: 1 = strongly disagree, 2 = 
disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. 

Prior to administration, the survey was validated inter
nally for accuracy by two orthopedic surgery residents (MT 
and TW). The survey was then sent to all orthopedic 
surgery program coordinators within the US with the in
tended distribution of the survey to all orthopedic residents 
within the respective program. The survey was also distrib
uted via social media. Survey data was only accessible by 
one author (NG) to maintain privacy. 

DATA REPORTING 

First, in order to ensure no duplicate responses were in
cluded in the analysis, responses were determined to be 
unique using the IP address, time, and location of the re
sponder. Responses were then considered complete if ≥ 70% 
of questions were completed. For reporting of demographic 
results, all responses were included. For reporting of per
ceptions on XR use, only responses with ≥ 70% completion 
were included. Additionally, responses were stratified by 
those with and without XR use. Finally, for reporting of 
respondent perceptions within our results section, overall 
disagreement includes Likert score 1 and 2, while overall 
agreement is indicated by Likert scores of 4 and 5. 

RESULTS 

DEMOGRAPHIC RESULTS 

The survey received a total of 78 responses, of which 55 
(70.5%) were ≥ 70% completed. Survey responses were in
dicative of perceptions from all levels of orthopedic surgery 
residency, with the majority in their first year of residency 
(Figure 1 ). There were 21 unique institutions represented 
and the majority of respondents (69.1%) indicated that 
their training institution did not use XR. Of those that did 
use XR, reported technology varied and included arthro
scopic simulators and VR headsets. The most common sub
specialty for which XR was used were hip/knee (28.2%), 
followed by sports medicine (25.6%) and shoulder/elbow 
(17.9%) (Table 1 ). 

SURVEY RESULTS 

Survey results overall and stratified by access to XR are vi
sualized in Figure 2-4 . Most respondents agreed that there 
is a need for surgical skill training outside of the operating 
room (87.18%), however, overall agreement was more neu
tral regarding the need for XR specifically to improve the 
training of orthopedic surgeons (33.35% agreed) and if all 
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Figure 1. Number of respondents by year of training.        

Table 1. Reported applications of XR in orthopedic       
surgery training programs.    

Application of XR Percent 

Hip/Knee 28.21 

Sports Medicine 25.64 

Shoulder/Elbow 17.95 

General Orthopedics 12.82 

Trauma 2.56 

Spine 2.56 

Hand/Wrist 2.56 

Foot/Ankle 2.56 

Pediatrics 2.56 

Oncology 2.56 

orthopedic surgery training programs should offer access to 
XR simulators (17.84% agreed). 

In regard to the technical accuracy of XR, 25.46% of par
ticipants agreed or strongly agreed that XR provides an ac
curate simulation of orthopedic procedures while 36.36% 
were neutral. These results were similar for statements re
garding XR’s ability to accurately model patient-specific 
anatomy for pre-operative planning (36.36% agreed or 
strongly agreed) and its ability to create an accurate sim
ulation of the operating room environment. For improving 
procedural confidence, 67.28% of participants agreed/
strongly agreed that XR can improve resident procedural 
confidence. Positive perceptions were additionally reported 
for if the use of XR during training can improve skill pro
gression (65.46% of participants agreed or strongly agreed). 

The perceived impact of XR use during training and its 
subsequent impact on patient outcomes was also assessed. 
There was overall disagreement regarding XR’s ability to re
duce inpatient length of stay with 40% of respondents indi
cating neutrality and only 7.27% agreed or strongly agreed. 
Similarly neutral responses were conveyed regarding the 
ability of XR to improve the accuracy of hardware/pros
thetic placement (30.91% neutral). A total of 45.45% of re
spondents agreed with the ability of XR to reduce nav
igational error, while 10.91% disagreed. Finally, most 
respondents felt neutral (50.91%) or disagreed (27.27%) 
that mixed reality can relieve surgeon discomfort and/or 
improve fatigue. 

Finally, the perceived barriers to integration to XR were 
evaluated. Respondents were predominantly neutral 
(54.55%) on their perception of mixed reality systems being 
easy to use. Notably, participants with access to mixed re
ality systems were more likely to agree that XR systems 
are easier to use than participants whose programs did 
not have access to XR systems. This suggests that famil
iarity with XR systems may influence participant comfort. 
Most participants (52.72%) agreed that the largest barrier 
to integration of XR is cost followed by a lack of dedicated 
time to use the technology during their training program 
(34.55% agreed or strongly agreed). In contrast, only 
27.27% of participants agreed that insufficient education on 
how to use XR system technology was the largest barrier. 

DISCUSSION 

We surveyed orthopedic surgery trainees nationwide to bet
ter assess their opinions regarding the growing use of XR 
within orthopedic training education. Responses were re
ceived from trainees from 21 institutions across the United 
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Figure 2. Overall responses of trainees regarding perceptions of XR in orthopedic surgery training.             

Figure 3. Responses of trainees with access to XR regarding perceptions of mixed reality in orthopedic surgery                
training.  

States. Of the gathered responses, 69% indicated that they 
currently do not have access to XR systems, while 31% 
do have access to these training systems. Various forms of 
XR are currently used in orthopedics, as indicated by our 
results, with its application particularly limited to educa
tion and preoperative planning (Verhey et al. 2020). Cur
rent systems available by orthopedic trainees are most seen 
in trauma, joints, spine, and oncologic procedures (Bian et 
al. 2024). Interestingly, our results indicated the most com
mon uses were in joint procedures. However, data regard
ing trauma, spine, and orthopedic oncology simulation was 
limited. Although these technologies are becoming more 
common as there is promising evidence for their efficacy as 
a training adjunct, they are still in their infancy and not yet 
a mainstay across many orthopedic surgery programs. 

In its current state, XR has the potential to help ortho
pedic trainees with their understanding of fractures, cre
ation of treatment plans, and accuracy with screw and other 
instrument placements during surgery (Hasan et al. 2021; 
Javaid et al. 2019). The efficacy of XR in improving surgical 
skills has been shown in the literature using trainees of all 
levels. In medical students, Orland et al. demonstrated that 
first and second-year medical students without prior expe
rience in tibial intramedullary nail procedures had greater 
step completion rate, decreased incorrect steps, and shorter 
completion time after VR training (Orland et al. 2020). Sim
ilar results were then shown in a larger cohort of VR-
trained senior medical students who had faster tibial in
tramedullary nail procedure completion times than those 
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Figure 4. Responses of trainees without access to XR regarding perceptions of mixed reality in orthopedic               
surgery training.   

given a standard industry surgical technique guide (Lamb et 
al. 2023). 

Multiple studies have evaluated the benefit of VR in or
thopedic junior residents, with most of the literature fo
cusing on arthroplasty techniques. Examples of this include 
a randomized controlled trial of 14 orthopedic surgery in
terns performing cadaveric total hip arthroplasty (THA). 
The half receiving additional VR training outperformed 
those with only cadaveric training in scoring of cadaveric 
THA and technical performance (Hooper et al. 2019). Sim
ilarly, Logishetty et al. demonstrated that in 24 surgical 
trainees with no prior experience of anterior approach THA, 
VR-trained orthopedic surgical trainees completed more 
key steps, were more accurate in component orientation, 
and had faster operative times in performing a cadaveric 
THA compared to those who had used conventional 
preparatory materials (Logishetty, Rudran, and Cobb 2019). 
Importantly, Mckinney et al. demonstrated the use of XR 
in newer procedures which are becoming more integrated 
into orthopedic surgeons training. In their study of 22 or
thopedic surgery residents performing a unicompartmental 
knee arthroplasty with an immersive VR system, there was 
greater successful completion of procedural steps and faster 
operative times. These promising results are also supported 
in senior residents with significant reductions in errors, 
speed, completion of procedural/critical steps, and instru
ment handling in procedures such as shoulder arthroplasty 
(Lohre, Bois, Pollock, et al. 2020; Lohre, Bois, Athwal, et al. 
2020). 

As it is clear from the literature XR technologies are ef
fective adjuncts for trainees at all levels, it is important to 
note that 65% of respondents agreed that XR use could im
prove skill progression. This is a crucial finding of our study 
as it aligns with the literature suggesting these technolo
gies may reduce the learning curve for junior residents, pro
viding foundational practice for improved technical skills 
early on (Orland et al. 2020; Lamb et al. 2023). Interest

ingly, residents with access to XR expressed a higher degree 
of confidence in the direct translation of skills learned in 
the operating room than those who did not have access to 
the technology, which is consistent with the current liter
ature (Lohre, Bois, Pollock, et al. 2020; Lohre, Bois, Ath
wal, et al. 2020). There was also increased confidence in 
XR’s ability to simulate the operating room accurately in 
trainees with XR access compared to those without. The de
creased confidence among trainees without XR could po
tentially be attributed to preconceived ideas of the current 
technology available. A similar trend was seen in questions 
regarding reduced navigational error and improved accu
racy of screw/prosthetic placement, with less agreement in 
those without access to XR. With current evidence to sup
port the usefulness of XR for not only procedural confi
dence but also improved technical skills and surgical ac
curacy, it may be important for training programs to 
understand the utility of XR through implementation of pi
lot programs. 

With the rapid growth of XR, a major point of contention 
is the ability of these devices to reduce the physical strain 
and fatigue of surgeons intraoperatively. Although mus
culoskeletal injury secondary to ergonomics in the oper
ating room are a leading cause of occupational injury in 
orthopedic surgeons (Tan and Kwek 2020), there was rel
ative disagreement among respondents (even when strat
ified by access) regarding XR’s ability to reduce surgeon 
discomfort/fatigue. As most of the literature supporting de
creased fatigue is focused on spinal surgery, further un
derstanding of the potential effect of XR in other orthope
dic subspecialties is warranted (Sakai et al. 2020). Of note, 
the potential for unnecessary visual fatigue is another fre
quently discussed drawback. This phenomenon is known 
as cybersickness: the combination of uncomfortable symp
toms that users can experience while using VR systems, 
including nausea and disorientation (Weech, Kenny, and 
Barnett-Cowan 2019). Studies have shown, however, that 
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recent advances in VR development with regards to display 
resolution, frame rates, and interpupillary distance have 
improved these symptoms, creating a promising future as 
the technology continues to evolve (Combalia, Sánchez-
Vives, and Donegan 2023). 

Although there was overall agreement, it is important 
to consider potential reasons for more negative perceptions 
and barriers to integration. Perceptions were guarded es
pecially for those without XR for statements regarding ac
curacy of XR in modeling procedures, the operating en
vironment, and modeling of patient-specific anatomy. 
Additionally, those in the group who already had access to 
XR were highly critical when evaluating the accuracy of XR 
in modeling patient-specific anatomy. This is likely due to 
the program-specific nature of XR software. As XR technol
ogy progresses, there is potential for enhanced integration 
of patient-specific anatomy, offering improved preparation 
for complex cases. For instance, Condino et al. created an 
MR-based simulation for hip arthroplasty using patient-
specific 3D models which were derived from computed to
mography scans (Satapathy et al. 2023). As everyone’s user 
experience for procedural accuracy may vary, one particular 
area of interest lies in the integration of artificial intel
ligence (AI) with VR. Specifically, the pairing of VR with 
some of the aspects that AI provides such as machine learn
ing and affective computing can be integrated across many 
healthcare fields to create an individualized learning ex
perience for each trainee (Combalia, Sánchez-Vives, and 
Donegan 2023; Satapathy et al. 2023). Additionally, the in
tegration of VR with AI can accelerate the speed and qual
ity of which 3D virtual environments can be programmed, 
potentially addressing accuracy concerns (Park, Tiefenbach, 
and Demetriades 2022). Further studies may also evaluate 
the effectiveness of XR based on training level, as its utility 
for younger trainees may be particularly useful for arthro
plasty, given the lack of available arthroscopic learning re
sources, while upper-level residents may not receive tactile 
motor feedback, lessening the perceived value of VR (Kuhn 
et al. 2024; Pettinelli et al. 2023). 

Finally, cost was identified as the largest perceived bar
rier to widespread integration of XR identified in this study. 
Of note, there is a growing body of evidence providing re
assurance that the costs involved with XR are likely to de
crease over time (Bergin and Craven 2023; Longo et al. 
2021). As both Mandal et al. and Combalia et al. argue, var

ious technological advances in hardware and software pro
duction should lead to decreased future costs (Combalia, 
Sánchez-Vives, and Donegan 2023; Mandal and Ambade 
2022). Additionally, with communal software programs 
such as “Unity,” programming applications have become 
increasingly accessible, expanding the potential for future 
XR developments at a reduced price (Combalia, Sánchez-
Vives, and Donegan 2023). 

LIMITATIONS 

This study sought to thoroughly evaluate the perceptions of 
orthopedic surgery residents on the utility of XR in train
ing, however, it is not without limitations. Inherent to all 
survey studies, volunteer bias may be present in our data as 
those with access to XR may have been more likely to re
spond and have more favorable responses. This in combi
nation with use of the Likert scale could have introduced 
a response and/or acquiescence bias. The effects of these 
confounding factors may be more pronounced as there were 
only 77 responses, 54 of which were complete. Thus, larger 
studies are required to further elucidate the perceptions of 
XR among orthopedic surgery trainees. Finally, as the study 
design was cross-sectional in nature, our results only pro
vide insight into a relatively short time frame, thus longi
tudinal studies would help understand how perceptions of 
barriers and accuracy evolve with the advent of newer tech
nologies. 

CONCLUSIONS 

It is clear from the results of this study that overall, or
thopedic surgery residents agree that there is a need for 
surgical training outside of the operating room. Although 
there was less agreement if XR specifically should be used 
to fill this demand, trainees agreed that these technologies 
improved their operative confidence and skill progression. 
Therefore, these results lay the groundwork for the utility 
of XR, with further longitudinal studies in large cohorts 
necessary to further understand the best practices for effec
tive implementation. 

Submitted: April 25, 2024 EDT, Accepted: June 30, 2024 EDT 

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. 

Use of Mixed Reality Technologies by Orthopedic Surgery Residents: A Cross-Sectional Study of Trainee Pe…

Journal of Orthopaedic Experience & Innovation 7



REFERENCES 

Bergin, Aislinn, and Michael P. Craven. 2023. “Virtual, 
Augmented, Mixed, and Extended Reality 
Interventions in Healthcare: A Systematic Review of 
Health Economic Evaluations and Cost-
Effectiveness.” BMC Digital Health 1 (1). 
https://doi.org/10.1186/s44247-023-00054-9. 

Bian, Dongxiao, Zhipeng Lin, Hao Lu, Qunjie Zhong, 
Kaifeng Wang, Xiaodong Tang, and Jie Zang. 2024. 
“The Application of Extended Reality Technology-
Assisted Intraoperative Navigation in Orthopedic 
Surgery.” Frontiers in Surgery 11 (February). 
https://doi.org/10.3389/fsurg.2024.1336703. 

Bollen, Edward, Laura Awad, Benjamin Langridge, and 
Peter E. Butler. 2022. “The Intraoperative Use of 
Augmented and Mixed Reality Technology to Improve 
Surgical Outcomes: A Systematic Review.” The 
International Journal of Medical Robotics and Computer 
Assisted Surgery 18 (6). https://doi.org/10.1002/
rcs.2450. 

Bui, Tim, Miguel A. Ruiz-Cardozo, Harsh S. Dave, Karma 
Barot, Michael Ryan Kann, Karan Joseph, Sofia 
Lopez-Alviar, et al. 2024. “Virtual, Augmented, and 
Mixed Reality Applications for Surgical Rehearsal, 
Operative Execution, and Patient Education in Spine 
Surgery: A Scoping Review.” Medicina 60 (2): 332. 
https://doi.org/10.3390/medicina60020332. 

Combalia, Andrés, María V. Sánchez-Vives, and Tony 
Donegan. 2023. “Immersive Virtual Reality in 
Orthopaedics—a Narrative Review.” International 
Orthopaedics, August. https://doi.org/10.1007/
s00264-023-05911-w. 

Crockatt, William K., Jamie E. Confino, Nathan J. 
Kopydlowski, Charles M. Jobin, and William N. 
Levine. 2023. “Comparing Skill Acquisition and 
Validity of Immersive Virtual Reality with Cadaver 
Laboratory Sessions in Training for Reverse Total 
Shoulder Arthroplasty.” JBJS Open Access 8 (3). 
https://doi.org/10.2106/jbjs.oa.22.00141. 

Curran, Vernon R., Xiaolin Xu, Mustafa Yalin Aydin, and 
Oscar Meruvia-Pastor. 2022. “Use of Extended Reality 
in Medical Education: An Integrative Review.” 
Medical Science Educator 33 (1): 275–86. 
https://doi.org/10.1007/s40670-022-01698-4. 

Guha, Payal, Jason Lawson, Iona Minty, James Kinross, 
and Guy Martin. 2023. “Can Mixed Reality 
Technologies Teach Surgical Skills Better than 
Traditional Methods? A Prospective Randomised 
Feasibility Study.” BMC Medical Education 23 (1). 
https://doi.org/10.1186/s12909-023-04122-6. 

Gupta, Nithin, Nikki M. Barrington, Nicholas Panico, 
Nolan J. Brown, Rohin Singh, Redi Rahmani, and 
Randy S. D’Amico. 2024. “Assessing Views and 
Attitudes toward the Use of Extended Reality and Its 
Implications in Neurosurgical Education: A Survey of 
Neurosurgical Trainees.” Neurosurgical Focus 56 (1). 
https://doi.org/10.3171/2023.10.focus23647. 

Hakky, Tariq S., Ryan M. Dickey, Neel Srikishen, LarryI 
Lipshultz, Philippe E. Spiess, and Rafael E. Carrion. 
2016. “Augmented Reality Assisted Surgery: A 
Urologic Training Tool.” Asian Journal of Andrology 18 
(5): 732. https://doi.org/10.4103/1008-682x.166436. 

Hasan, Laith K., Aryan Haratian, Michael Kim, Ioanna 
K. Bolia, Alexander E. Weber, and Frank A. 
Petrigliano. 2021. “Virtual Reality in Orthopedic 
Surgery Training.” Advances in Medical Education and 
Practice 12 (November):1295–1301. https://doi.org/
10.2147/AMEP.S321885. 

Hasegawa, Masahiro, Yohei Naito, Shine Tone, and 
Akihiro Sudo. 2023. “Accuracy of Augmented Reality 
with Computed Tomography-Based Navigation in 
Total Hip Arthroplasty.” Journal of Orthopaedic 
Surgery and Research 18 (1): 662. https://doi.org/
10.1186/s13018-023-04155-z. 

Hooper, Jessica, Eleftherios Tsiridis, James E. Feng, Ran 
Schwarzkopf, Daniel Waren, William J. Long, Lazaros 
Poultsides, et al. 2019. “Virtual Reality Simulation 
Facilitates Resident Training in Total Hip 
Arthroplasty: A Randomized Controlled Trial.” The 
Journal of Arthroplasty 34 (10): 2278–83. 
https://doi.org/10.1016/j.arth.2019.04.002. 

Javaid, Mohd, Abid Haleem, Raju Vaishya, and 
IbrahimHaleem Khan. 2019. “Virtual Reality 
Applications in Orthopaedics.” Journal of 
Orthopaedics and Spine 7 (2): 83. https://doi.org/
10.4103/joas.joas_37_19. 

Keith, Kevin, Danielle M. Hansen, and Molly Ann 
Johannessen. 2018. “Perceived Value of a Skills 
Laboratory with Virtual Reality Simulator Training in 
Arthroscopy: A Survey of Orthopedic Surgery 
Residents.” Journal of Osteopathic Medicine 118 (10): 
667–72. https://doi.org/10.7556/jaoa.2018.146. 

Kuhn, Andrew W., Justin K. Yu, Katherine M. Gerull, 
Richard M. Silverman, and Alexander W. Aleem. 
2024. “Virtual Reality and Surgical Simulation 
Training for Orthopaedic Surgery Residents.” JB & JS 
Open Access 9 (1). https://doi.org/10.2106/
jbjs.oa.23.00142. 

Lamb, Ashley, Brandon McKinney, Petros Frousiakis, 
Graal Diaz, and Stephan Sweet. 2023. “A Comparative 
Study of Traditional Technique Guide versus Virtual 
Reality in Orthopedic Trauma Training.” Advances in 
Medical Education and Practice 14 
(September):947–55. https://doi.org/10.2147/
amep.s395087. 

Logishetty, Kartik, Branavan Rudran, and Justin P. Cobb. 
2019. “Virtual Reality Training Improves Trainee 
Performance in Total Hip Arthroplasty: A 
Randomized Controlled Trial.” The Bone & Joint 
Journal 101-B (12): 1585–92. https://doi.org/10.1302/
0301-620x.101b12.bjj-2019-0643.r1. 

Lohre, Ryan, Aaron J. Bois, George S. Athwal, and Danny 
P. Goel. 2020. “Improved Complex Skill Acquisition by 
Immersive Virtual Reality Training.” The Journal of 
Bone and Joint Surgery 102 (6): e26. https://doi.org/
10.2106/jbjs.19.00982. 

Use of Mixed Reality Technologies by Orthopedic Surgery Residents: A Cross-Sectional Study of Trainee Pe…

Journal of Orthopaedic Experience & Innovation 8

https://doi.org/10.1186/s44247-023-00054-9
https://doi.org/10.3389/fsurg.2024.1336703
https://doi.org/10.1002/rcs.2450
https://doi.org/10.1002/rcs.2450
https://doi.org/10.3390/medicina60020332
https://doi.org/10.1007/s00264-023-05911-w
https://doi.org/10.1007/s00264-023-05911-w
https://doi.org/10.2106/jbjs.oa.22.00141
https://doi.org/10.1007/s40670-022-01698-4
https://doi.org/10.1186/s12909-023-04122-6
https://doi.org/10.3171/2023.10.focus23647
https://doi.org/10.4103/1008-682x.166436
https://doi.org/10.2147/AMEP.S321885
https://doi.org/10.2147/AMEP.S321885
https://doi.org/10.1186/s13018-023-04155-z
https://doi.org/10.1186/s13018-023-04155-z
https://doi.org/10.1016/j.arth.2019.04.002
https://doi.org/10.4103/joas.joas_37_19
https://doi.org/10.4103/joas.joas_37_19
https://doi.org/10.7556/jaoa.2018.146
https://doi.org/10.2106/jbjs.oa.23.00142
https://doi.org/10.2106/jbjs.oa.23.00142
https://doi.org/10.2147/amep.s395087
https://doi.org/10.2147/amep.s395087
https://doi.org/10.1302/0301-620x.101b12.bjj-2019-0643.r1
https://doi.org/10.1302/0301-620x.101b12.bjj-2019-0643.r1
https://doi.org/10.2106/jbjs.19.00982
https://doi.org/10.2106/jbjs.19.00982


Lohre, Ryan, Aaron J. Bois, J. W. Pollock, Peter Lapner, 
Katie McIlquham, George S. Athwal, and Danny P. 
Goel. 2020. “Effectiveness of Immersive Virtual 
Reality on Orthopedic Surgical Skills and Knowledge 
Acquisition among Senior Surgical Residents.” JAMA 
Network Open 3 (12): e2031217. https://doi.org/
10.1001/jamanetworkopen.2020.31217. 

Longo, Umile Giuseppe, Sergio De Salvatore, Vincenzo 
Candela, Giuliano Zollo, Giovanni Calabrese, Sara 
Fioravanti, Lucia Giannone, Anna Marchetti, Maria 
Grazia De Marinis, and Vincenzo Denaro. 2021. 
“Augmented Reality, Virtual Reality and Artificial 
Intelligence in Orthopedic Surgery: A Systematic 
Review.” Applied Sciences 11 (7): 3253. 
https://doi.org/10.3390/app11073253. 

Mandal, Pooja, and Ratnakar Ambade. 2022. “Surgery 
Training and Simulation Using Virtual and 
Augmented Reality for Knee Arthroplasty.” Cureus, 
September. https://doi.org/10.7759/cureus.28823. 

Orland, Mark D., Michael J. Patetta, Michael Wieser, 
Erdan Kayupov, and Mark H. Gonzalez. 2020. “Does 
Virtual Reality Improve Procedural Completion and 
Accuracy in an Intramedullary Tibial Nail Procedure? 
A Randomized Control Trial.” Clinical Orthopaedics 
and Related Research 478 (9): 2170–77. 
https://doi.org/10.1097/CORR.0000000000001362. 

Park, Jay J., Jakov Tiefenbach, and Andreas K. 
Demetriades. 2022. “The Role of Artificial 
Intelligence in Surgical Simulation.” Frontiers in 
Medical Technology 4 (December). https://doi.org/
10.3389/fmedt.2022.1076755. 

Pettinelli, Nicholas, Amy Y. Lee, Michael S. Lee, Ronak 
J. Mahatme, Stephen M. Gillinov, and Andrew E. 
Jimenez. 2023. “Virtual Reality Is an Effective Tool 
for Learning Techniques in Arthroplasty: A 
Systematic Review and Meta-Analysis.” Journal of the 
American Academy of Orthopaedic Surgeons 7 (6). 
https://doi.org/10.5435/jaaosglobal-d-23-00078. 

Portelli, M., S.F. Bianco, T. Bezzina, and J.E. Abela. 
2020. “Virtual Reality Training Compared with 
Apprenticeship Training in Laparoscopic Surgery: A 
Meta-Analysis.” The Annals of The Royal College of 
Surgeons of England 102 (9): 672–84. https://doi.org/
10.1308/rcsann.2020.0178. 

Sakai, Daisuke, Kieran Joyce, Maki Sugimoto, Natsumi 
Horikita, Akihiko Hiyama, Masato Sato, Aiden Devitt, 
and Masahiko Watanabe. 2020. “Augmented, Virtual 
and Mixed Reality in Spinal Surgery: A Real-World 
Experience.” Journal of Orthopaedic Surgery 28 (3): 
230949902095269. https://doi.org/10.1177/
2309499020952698. 

Sanchez-Sotelo, Joaquin, Julien Berhouet, Jean Chaoui, 
Michael T. Freehill, Philippe Collin, Jon Warner, 
Gilles Walch, and George S. Athwal. 2024. “Validation 
of Mixed-Reality Surgical Navigation for Glenoid Axis 
Pin Placement in Shoulder Arthroplasty Using a 
Cadaveric Model.” Journal of Shoulder and Elbow 
Surgery 33 (5): 1177–84. https://doi.org/10.1016/
j.jse.2023.09.027. 

Satapathy, Prakasini, Alaa Hamza Hermis, Sarvesh 
Rustagi, Keerti Bhusan Pradhan, Bijaya Kumar Padhi, 
and Ranjit Sah. 2023. “Artificial Intelligence in 
Surgical Education and Training: Opportunities, 
Challenges, and Ethical Considerations – 
Correspondence.” International Journal of Surgery 109 
(5): 1543–44. https://doi.org/10.1097/
js9.0000000000000387. 

Tan, K. S. K., and E. B. K. Kwek. 2020. “Musculoskeletal 
Occupational Injuries in Orthopaedic Surgeons and 
Residents.” Malaysian Orthopaedic Journal 14 (1): 
24–27. https://doi.org/10.5704/moj.2003.004. 

Tsukada, Sachiyuki, Kazuha Kizaki, Masayoshi Saito, 
Kenji Kurosaka, Naoyuki Hirasawa, and Hiroyuki 
Ogawa. 2023. “Femoral Prosthesis Alignment of 
Augmented Reality-Assisted versus Accelerometer-
Based Navigation in Total Knee Arthroplasty: A 
Noninferiority Analysis.” Journal of Orthopaedic 
Science: Official Journal of the Japanese Orthopaedic 
Association, November. https://doi.org/10.1016/
j.jos.2023.10.011. 

Verhey, Jens T., Jack M. Haglin, Erik M. Verhey, and 
David E. Hartigan. 2020. “Virtual, Augmented, and 
Mixed Reality Applications in Orthopedic Surgery.” 
The International Journal of Medical Robotics and 
Computer Assisted Surgery 16 (2). https://doi.org/
10.1002/rcs.2067. 

Weech, Séamas, Sophie Kenny, and Michael Barnett-
Cowan. 2019. “Presence and Cybersickness in Virtual 
Reality Are Negatively Related: A Review.” Frontiers 
in Psychology 10 (February): 158. https://doi.org/
10.3389/fpsyg.2019.00158. 

Use of Mixed Reality Technologies by Orthopedic Surgery Residents: A Cross-Sectional Study of Trainee Pe…

Journal of Orthopaedic Experience & Innovation 9

https://doi.org/10.1001/jamanetworkopen.2020.31217
https://doi.org/10.1001/jamanetworkopen.2020.31217
https://doi.org/10.3390/app11073253
https://doi.org/10.7759/cureus.28823
https://doi.org/10.1097/CORR.0000000000001362
https://doi.org/10.3389/fmedt.2022.1076755
https://doi.org/10.3389/fmedt.2022.1076755
https://doi.org/10.5435/jaaosglobal-d-23-00078
https://doi.org/10.1308/rcsann.2020.0178
https://doi.org/10.1308/rcsann.2020.0178
https://doi.org/10.1177/2309499020952698
https://doi.org/10.1177/2309499020952698
https://doi.org/10.1016/j.jse.2023.09.027
https://doi.org/10.1016/j.jse.2023.09.027
https://doi.org/10.1097/js9.0000000000000387
https://doi.org/10.1097/js9.0000000000000387
https://doi.org/10.5704/moj.2003.004
https://doi.org/10.1016/j.jos.2023.10.011
https://doi.org/10.1016/j.jos.2023.10.011
https://doi.org/10.1002/rcs.2067
https://doi.org/10.1002/rcs.2067
https://doi.org/10.3389/fpsyg.2019.00158
https://doi.org/10.3389/fpsyg.2019.00158


SUPPLEMENTARY 

Table S1. Questions and statements used to evaluate orthopedic surgery residents’ perceptions on the use of XR                
as an adjunctive training tool.      

There is a need for surgical skill training outside of the operating room. 

Extended reality is needed to improve the training of orthopedic surgery trainees. 

All orthopedic training programs should offer access to extended reality simulators. 

Extended reality provides an accurate simulation of orthopedic procedures. 

Extended reality can accurately model patient specific anatomy for pre-operative planning. 

Extended reality creates an accurate simulation of the operating room environment. 

Extended reality can improve procedural confidence for orthopedic surgery residents. 

Skills learned on a simulator can transfer directly into the operating room. 

Extended reality use during training can improve skill progression. 

Use of extended reality systems in orthopedic surgery training can reduce operative time. 

Use of extended reality systems in orthopedic surgery can reduce inpatient length of stay. 

Extended reality can improve the accuracy of hardware, screw, or prosthetics placement. 

Extended reality can reduce navigational error. 

Extended reality can relieve surgeon discomfort/improve fatigue. 

Extended reality systems are easy to use. 

The largest barrier to integration is dedicated time to use the technology in training program. 

The largest barrier to integration is cost. 

The largest barrier to integration is lack of education on how to use the technologies. 
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