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The integration of immersive virtual reality (IVR) in orthopedic surgery offers a platform 
for surgeon-to-surgeon collaboration. This paper explores a new use case of IVR-based 
collaboration among orthopedic surgeons, focusing on three key areas: surgical training, 
procedural planning, and remote peer to peer collaboration. Immersive virtual reality 
enables surgeons to engage in immersive, interactive environments where complex 
anatomical structures and surgical techniques can be visualized in three dimensions. 
This fosters more efficient communication, precise surgical planning, shared learning 
experiences and an opportunity to enhance 3D visual spatial intelligence. 

This case study highlights how surgeons in different geographic locations can 
collaborate, sharing knowledge and expertise in real time without the constraints of 
physical presence. This connectivity provides a platform for skill acquisition, and the 
practice of surgical techniques while creating an opportunity for a mentor to educate a 
remote learner. Moreover, IVR facilitates the rehearsal of a procedure, potentially 
contributing to improved patient outcomes by reducing errors and enhancing 
preoperative planning and education. 
In the context of orthopedic surgery, the ability to virtually simulate surgeries in a 
collaborative setting represents a novel advancement. IVR also allows for the 
customization of surgical scenarios, providing surgeons with repeated exposure to 
common and rare, complex cases, thus broadening their experience base. By supporting a 
connected surgical community, IVR-based surgeon-to-surgeon collaboration has the 
potential to create opportunities for educators and learners to connect and learn in a 
meaningful manner. 

INTRODUCTION 

In the evolving landscape of medical education, immersive 
virtual reality (IVR) has arisen as a new tool, which demon
strates the potential of impacting traditional learning and 
teaching methods. The conventional approach to surgical 
training often relies heavily on cadaveric demonstrations 
and assisting in live surgery with incremental autonomy 
under expert guidance. While these tools are invaluable, 
they present certain limitations. Access to cadavers can be 
difficult due to logistical and financial reasons. Other lim
itations of cadaveric experiences include variation in qual
ity, absent mirroring of the actual operative experience in
cluding set up, normal anatomy, radiation exposure when 

using a C-arm, and a time gap between cadaveric practice 
and real-time surgical execution in the operating room. 
Furthermore, the nuances of surgical technique – the sub
tle maneuvers and adjustments that can make a difference 
during surgery may be difficult to appreciate through con
ventional teaching methods. 

Immersive virtual reality technology seeks to address 
these challenges by providing a learning environment that 
attempts to replicate the real-world OR experience while 
adding additional opportunities not available in current 
models of simulation. This technology allows surgeons to 
engage in two modes of hands-on practice either as an 
individual user or through a multiuser shared experience. 
A multi-user experience using IVR enables the real time 
‘presence’ of a mentor from anywhere in the world by con
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Video 1   
URL: https://www.youtube.com/embed/4GLQQ2Hro0g 

necting to the internet. This virtual mentorship attempts to 
replicate the experience of standing next to an expert sur
geon, providing the ability to observe, perform, learn, and 
receive real-time feedback on surgical techniques in a vir
tual space. 

Many expert surgeons, despite their busy clinical and 
research schedules, share a strong passion for education. 
However, their ability to offer in-person training to a 
learner is limited by the demands of cost, time, and logis
tics. These educators are often invited to provide hands-
on teaching at their own facilities, visit other institutions, 
or participate in courses. . While this traditional method is 
valuable, it lacks scalability and cannot be repeated multi
ple times throughout the year. This presents a substantial 
barrier to expanding the reach of their expertise and en
hancing the education of others. 

The limitations of current educational models also affect 
the broader healthcare community beyond surgeons and 
surgical trainees. Without scalable solutions, there are 
fewer opportunities for professionals to develop the skills 
necessary to better support their patients. The value of in-
person learning experiences, especially with an expert pre
sent, offers a unique perspective. The ability to interact, ask 
questions in real time, and observe techniques first-hand 
provides an experience that may impact growth and knowl
edge retention. 

Remote Surgeon-to-Surgeon (S2S) collaboration using 
IVR presents a novel educational opportunity. Remote S2S 
collaboration offers an effective and scalable model, en
abling expert educators to extend their reach beyond ge
ographical boundaries. All authors involved in this case 
study have conducted successful S2S collaborations be
tween themselves (Please see Video 1 below) within North 
America and between other surgeons (Please see Video 1B) 
in regions including Europe, Latin America, Asia-Pacific, 
the Middle East, and North Africa. By leveraging this inno
vative method, these educators were able to provide real-
time, impactful guidance for surgery across orthopedic var
ious orthopedic procedures without the need for physical 
presence. 

Video 1B   
URL: https://www.youtube.com/embed/L4OSIogjWh4 

This case study highlights the potential impact of re
mote S2S collaboration on surgical education, focusing on 
one of the authors’ experiences. It demonstrates how this 
approach may overcome the traditional barriers of time and 
cost but also enables surgeons to deliver an enriched, inter
active learning experience. In doing so, it helps enhance the 
education of healthcare professionals in varying geograph
ical regions. 

In this case study, Dr. Derek Ochiai, an orthopedic sur
geon sub-specializing in hip arthroscopy, independently 
mentored Dr. Philip Williams and Dr. Omar Rahman, both 
early career surgeons specializing in hip arthroscopy, using 
IVR technology. From his home office in Virginia, Dr. 
Ochiai guides and instructs Dr. Williams in Texas and Dr. 
Rahman in California, despite their geographical location. 
This narrative delves into their experiences, challenges en
countered, and impact of IVR on their surgical training. 
By highlighting the insights gained from Dr. Williams’ and 
Dr. Rahman’s separate one-on-one interactions with Dr. 
Ochiai, this article illustrates how IVR may afford a novel 
platform for surgical education but is also creating a more 
connected and collaborative future in surgical training. 

BACKGROUND 

Dr. Derek Ochiai is an orthopedic surgeon who specializes 
in hip arthroscopy. Recognizing the complexities and steep 
learning curve (Hoppe, de, Simunovic, et al. 2014) asso
ciated with this technique, identifying novel methods of 
sharing knowledge and expertise is important. 

Dr. Philip Williams (Texas) and Dr. Omar Rahman (Cali
fornia) are both early career surgeons interested in offering 
hip arthroscopy to their local patients During their ortho
pedic training, both physicians independently completed 
fellowship training in sports medicine at the Kerlan-Jobe 
Orthopaedic Clinic, an institution known for high case vol
ume and case complexity, including hip arthroscopy. 

While their fellowship training afforded them a solid 
foundation in hip arthroscopy, the early years of practice as 
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a sports medicine surgeon bring in a variety of cases. Build
ing a hip arthroscopy practice is particularly challenging 
due to the lower incidence of cases compared to knee and 
shoulder arthroscopy. It also takes time to establish a pres
ence in such a niche field of sports medicine, particularly 
when the understanding of hip sports pathology contin
ues to rapidly evolve. This can lead to potentially substan
tial lag time between hip arthroscopy cases, which poses a 
challenge for early career surgeons interested in building 
their reputation in the community while maintaining surgi
cal proficiency. IVR may provide the opportunity to bridge 
this gap, allowing surgeons to maintain their surgical skill 
set during periods of lower-case volume in hip arthroscopy 
or other new procedures. By offering continuous practice in 
a risk-free setting, IVR offers surgeons the ability to main
tain their technical skills. 

THE NEED FOR INNOVATION 

The conventional approach to learning hip arthroscopy in
volves observing live surgeries, practicing on cadavers, and 
performing procedures in a supervised fashion. While ef
fective, these methods come with limitations such as the 
availability of cadavers, ethical concerns, and the inherent 
risks of learning on live patients. 

In addition to these concerns, there are systemic chal
lenges for continued surgeon education after the comple
tion of residency and fellowship training. One barrier is 
limited access to expert mentorship, particularly in niche 
sub-specialities such as hip arthroscopy or during the re
lease of new medical device products. Surgeons are often 
limited to seeking technical advice from their close col
leagues and partners within their practice or travel to 
courses occasionally on their own expense or at the expense 
of a medical device company. Geographical disparities fur
ther compound this issue, since surgeons practicing in 
community hospitals or rural settings may not have access 
to continued training in complex procedures commonly of
fered in urban areas. This problem has downstream impact 
to patients residing in these areas who may need complex 
procedures and may have to travel to other enters to obtain 
specialized treatment. 

Many surgical conferences offer private cadaveric ses
sions with expert surgeons. Although beneficial, these ses
sions are often at an additional expense on top of the con
ference fee and are limited to a small number of attendees 
due to physical and budgetary constraints. Moreover, these 
sessions typically allow for a single procedure per cadaver, 
leaving little opportunity for hands-on practice by all sur
geon learners. The time away from surgical practice and the 
associated costs of surgical conferences further restrict the 
availability and frequency to continued surgical education. 

Because of these challenges, Dr. Ochiai decided to in
tegrate IVR into surgeon-to-surgeon education to improve 
health equity by improving educational access and reducing 
costs. By incorporating IVR, Dr. Ochiai not only enhances 
the learning experience, but also reduces the cost for both 
the surgeon and the medical device companies that typi
cally sponsor cadaveric training sessions. The ability to per

Video 2   
URL: https://www.youtube.com/embed/ueVPoBpiqS4 

form these experiences virtually minimizes the limitations 
of physical space, time, and cost, thereby allowing more 
surgeons to benefit from the expertise of leading surgeons 
in complex procedures. This shift in approach to contin
ued training not only provides immediate benefits, but also 
opens a significant opportunity for a more accessible and 
equitable future in surgical education. 

IMPLEMENTING IMMERSIVE VIRTUAL REALITY 

Dr. Ochiai partnered with an IVR company (PrecisionOS©, 
Vancouver, BC) specializing in medical simulations. This 
IVR system provides an immersive and interactive envi
ronment, replicating the anatomy and surgical scenarios 
in a digital 3D environment (Lohre, Bois, Pollock, et al. 
2020; Lohre et al. 2020; Feeley et al. 2021). Early data 
demonstrates that this technology has also been shown 
to be equivalent to physical simulators (Rahman, Kunze, 
Yao, et al. 2024) and a cadaveric experience (Crockatt et al. 
2023). For this particular case, developed in concert with 
expert hip surgeons, also includes a new concept enhancing 
the educational experience known as multisensory feed
back (MSF™). It permits the freedom to make mistakes 
while reinforcing difficult to teach three-dimensional (3D) 
visual spatial concepts enabling Dr. Ochiai to experiment 
and teach the specific nuances with which he operates in 
the real world (Please see Video 2 below). This in combina
tion, provided a teaching environment that Dr. Ochiai could 
take advantage of while educating the surgeon learners 
remotely. The feedback through this MSF approach com
bining haptics, vibration, enhanced visual cues, and audi
tory feedback allows users to feel fully immersed in a 3D 
environment while attempting to recreate the OR experi
ence. Given this experience, Dr. Ochiai could focus on sev
eral of the critical aspects of hip arthroscopy, including 
properly addressing the most common cause of revision 
surgery, CAM lesion resection (Mehta, Chamberlin, Marx, 
et al. 2018; Hoppe, de, Simunovic, et al. 2014). 
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THE TRAINING PROCESS 

1. ORIENTATION AND INITIAL ASSESSMENT 

The training began with two independent orientation ses
sions where Drs. Williams and Rahman were introduced to 
the IVR setup. The physicians donned the IVR headset and 
were guided through the virtual environment, familiarizing 
themselves with the controls and interfaces. This orienta
tion was organized through the help of the IVR medical ed
ucation team. Dr. Ochiai assessed their baseline skills by 
observing initial attempts at navigating the virtual hip joint 
and performing basic maneuvers. 

2. STEP-BY-STEP GUIDANCE 

In collaboration with the IVR medical education team, Dr. 
Ochiai designed a curriculum that highlighted the hip 
arthroscopy procedure into manageable and essential parts 
of the procedure. With Dr. Ochiai in his home in Virginia, 
two independent sessions were organized with Dr. Williams 
in Texas, and Dr. Rahman in California. A multiuser experi
ence was set up where a PIN code was shared between the 
participants to join a virtual collaboration session. Digital 
representations (avatars) of Dr. Williams, Dr. Rahman, and 
Dr. Ochiai were created, with each avatar standing next to 
the other, allowing them to communicate and gesture vir
tually in real-time. (Please See Video 2) 

Each session focused on specific aspects that were rel
evant to the surgeon learners, such as portal placement, 
diagnostic arthroscopy, and handling of common patholo
gies, such as addressing the CAM lesion and subsequent re
section. Within the IVR environment, Dr. Ochiai navigated 
through the virtual environment while being able to pause 
and provide real-time demonstration and feedback which 
Dr. Williams and Rahman could then practice repeatedly. 
The total time for the experience was two hours each for 
both surgeon learners. In Dr. Williams’ session, there was 
additional discussion on portal placement and how subtle 
changes in the position of the hip can be used for specific 
hip pathology such as femoroplasty versus acetabuloplasty 
(( Please See Video 2). In Dr. Rahman’s session, there was 
a focus on patient positioning such as post versus post-less 
positioning and the optimal position of the fluoroscopy ma
chine relative to the operating table to appreciate the 3D 
anatomy of the femoral head-neck junction. 

3. SIMULATED COMPLICATIONS 

During the remote multi-user educational experience, Dr. 
Ochiai introduced simulated complications into the train
ing. Specifically, Dr. Ochiai over- and under-resected the 
CAM lesion to demonstrate how that would look on the flu
oroscopic images. Dr. Ochiai also removed the virtual fe
mur bone out of the body to demonstrate how the resection 
looked directly on the bone relative to the fluoroscopic im
ages. The intention here was to expose a nuance of CAM 
resection and the visual appearance of this on fluoroscopy 
in both states (under and over resection). In Dr. Williams’ 
session, Dr. Ochiai demonstrated a systematic approach for 

a revision hip arthroscopy case including portal placement, 
under-resection of a CAM lesion and the benefits of a par
ticular medical device to overcome this challenge. 

4. PROGRESS TRACKING AND FEEDBACK 

During their independent use of the IVR system before 
and after their mentoring session with Dr. Ochiai, the sys
tem tracked Dr. Williams’s and Dr. Rahman’s progress. Per
formance data measured and recorded included the time 
taken for each step, precision of movements, number of 
images taken, percentage of CAM lesion resected, inadver
tent damage to the femoral head with the arthroscope, limb 
traction time, and overall surgical efficiency. Dr. Williams 
and Dr. Rahman reviewed these metrics after each session, 
highlighting areas for improvement. This data-driven ap
proach was utilized to tailor to the specific needs of each 
surgeon. 

CHALLENGES FACED 

Despite all these advantages, the integration of IVR was not 
without challenges. Initially, Dr. Williams experienced that 
there is a learning curve in adapting to the IVR controls and 
maneuvering in a 3D world with digital tools. Dr. Williams 
was able to acclimate stating: "It took me a few minutes and 
attempts to manipulate the instruments and move around 
the simulated OR smoothly. “I became a little more com
fortable during the session, but it was still a challenge to 
access some areas in the hip safely, which I think was actu
ally the point and was similar to a real hip.” Similarly, Dr. 
Rahman encountered challenges in translating some of the 
haptic feedback into real-world actions, particularly when 
the virtual environment did not perfectly mimic the tactile 
feedback experienced in live hip arthroscopy. Dr. Rahman 
specifically noted the value of repeatedly practicing diffi
cult maneuvers in a virtual environment to build muscle 
memory and “know where your hands are in space.” 

OUTCOMES AND BENEFITS 

1. ENHANCED SKILL ACQUISITION 

Over the course of several days of independent practice, 
Dr. Williams’ and Dr. Rahman’s skills and IVR performance 
metrics improved. The repetitive practice using IVR allowed 
them to refine their techniques without the pressure of per
forming on live patients. Their ability in identifying and 
addressing common hip pathologies increased, while in
creasing their 3D spatial intelligence as it related to CAM 
resection and visualizing it by using the digital C-arm. The 
ability to remove the virtual hip bone from the virtual pa
tient afforded a unique opportunity in understanding the 
complexity of hip bony anatomy. 

2. INCREASED CONFIDENCE 

Dr. Williams and Dr. Rahman self-reported that the immer
sive experience increased their confidence. By the time they 
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transitioned to performing surgeries on real patients, they 
had attempted to manage numerous simulated scenarios 
in IVR, reducing their anxiety in the operating room. Dr. 
Williams stated: “I did another practice IVR session the day 
before my first hip scope. During the case, I felt familiar 
with navigating the joint. It was still a challenge; however, 
I did feel more confident and comfortable with the pro
cedure overall. The case progressed well, and the patient 
did great.” Dr. Rahman noted: “Every second counts, espe
cially in hip arthroscopy with traction time and operating 
within a tight arthroscopic space. IVR training allowed me 
to enhance my dexterity and technical efficiency to min
imize any wasted movements. Through repeated practice 
in a virtual environment, I refined my technique, ensuring 
each step was precise and purposeful, ultimately leading to 
reduced operative times.” 

REFLECTIONS AND FUTURE DIRECTIONS 

Drs. Ochiai, Williams, and Rahman acknowledged the im
pact of IVR on surgical education. Dr. Ochiai noted that the 
ability to provide immediate feedback and the data-driven 
insights were valuable. He also noted that teaching in a vir
tual OR allows for real time exchange of ideas and thoughts, 
cued by the procedure itself, but in a comfortable and no-
risk environment. Finally, being able to highlight surgical 
errors deliberately was a valuable way to educate on a com
plex procedure. Dr. Williams and Dr. Rahman appreciated 
the opportunity to learn at their own pace and the reduc
tion in stress when transitioning to live surgeries. 

CONCLUSION 

This case series between Dr. Ochiai with Dr. Williams and 
Dr. Rahman, highlights a unique and novel use case of im
mersive virtual reality. By providing a safe, immersive, and 
interactive learning environment, IVR bridges the gap be
tween theory and practice in an interactive way which sim
ulates the operative experience. Without traveling and the 
opportunity cost of leaving practice to engage with an edu
cator, Drs. Williams and Rahman experienced no disruption 
in their clinical practice but reported a benefit from the ex
pertise of Dr. Ochiai. Having a digital replica of what one 
would encounter in an actual OR, from patient set up to the 
manipulation of the hip and inserting portals is the major 
benefit of this operative experience. Enhancing skill acqui
sition, judgment, improving 3D visual spatial intelligence, 
through deliberate practice in a no-risk environment has 
the potential to improve patient care (Spiker, Arthroscopy 
2024). As this technology continues to advance, the inte
gration of IVR in medical education may provide a series 
of new opportunities for trainees, surgeons in practice and 
surgeon educators worldwide. 
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