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Background: Extended reality (XR) has shown promise in the 
operating room for enhancing surgical precision and improving 
patient outcomes. With the evolution of individualized planning 
in orthopedic surgery, precise implant alignment is integral to 
improving pain and function. XR encompasses augmented 
reality (AR), virtual reality (VR), and mixed reality (MR). Both AR 
and MR have been adapted for operating room use, while VR 
has been adapted for surgical planning and educational training.
Methods: A literature search identified studies evaluating XR 
in arthroplasty and XR systems approved by the US Food 
and Drug Administration. This narrative report highlights the 
integration of XR in arthroplasty.
Results: In total hip arthroplasty (THA), XR is most effective 
for maximizing alignment of the acetabular cup. Traditional 
techniques make ideal anteversion and inclination angles 
difficult to achieve, values critical for implant stability and the 
prevention of impingement and precocious wear. XR systems 
have been shown to improve the accuracy of inclination 

compared with traditional techniques in THA. For total knee 
arthroplasty (TKA), XR proves most useful in ensuring accurate 
alignment and resection for the tibial and femoral components. 
XR systems for TKA have been shown to increase the 
accuracy of distal femoral resection with a limited increase in 
surgery duration. Conventional techniques for total shoulder 
arthroplasty (TSA) are complicated by the difficulty faced in 
accessing and visualizing key structures with the shoulder, 
particularly with the recent trend towards minimally invasive 
techniques. Issues with implant positioning are more common 
in TSA than other joint arthroplasties, making XR particularly 
promising in this setting.
Conclusions: XR technologies have shown significant potential 
in enhancing precision and patient outcomes in arthroplasty. 
There are some disadvantages to its use, however, including 
high cost and increased operative time. Integrating XR into 
surgical practice can improve implant alignment and accuracy, 
addressing challenges faced with conventional techniques.
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The introduction of extended reality 
(XR) to the operating room (OR) has 
proved promising for enhancing sur-

gical precision and improving patient out-
comes. In the field of orthopedic surgery, 
precise alignment of implants is integral to 
maintaining functional range of motion and 
preventing impingement of adjacent neuro-
vascular structures. XR systems have shown 
promise in arthroplasty including by improv-
ing precision and streamlining surgery by al-
lowing surgeons to create 3D preoperative 
plans that are accessible intraoperatively. This 
article explores the current applications of 
XR in arthroplasty, highlights recent advance-
ments and benefits, and describes limitations 
in comparison to traditional techniques. 

METHODS
A literature search identified studies in-
volving the use of XR in arthroplasty and 
current US Food and Drug Administration 
(FDA)-approved XR systems. Multiple 
electronic databases were used, includ-
ing PubMed, Google Scholar, and IEEE 
Xplore. Search terms included: extended 
reality, augmented reality, virtual reality, 

arthroplasty, joint replacement, total knee 
arthroplasty, total shoulder arthroplasty, 
and total hip arthroplasty. The study de-
sign, intervention details, outcomes, and 
comparisons with traditional surgical tech-
niques were thematically analyzed, with 
identification of common ideas associated 
with XR use in arthroplasty. This narrative 
report highlights the integration of XR in 
arthroplasty.

EXTENDED REALITY FUNDAMENTALS
XR encompasses augmented reality (AR), vir-
tual reality (VR), and mixed reality (MR). AR 
involves superimposing digitally rendered 
information and images onto the surgeon’s 
view of the real world, typically through the 
use of a headset and smart glasses.1 AR al-
lows the surgeon to move and interact freely 
within the OR, removing the need for addi-
tional screens or devices to display patient 
information or imaging. VR is a fully immer-
sive simulation using a headset that obstructs 
the view of the real world but allows the user 
to move freely within this virtual setting, 
often with audio or other sensory stimuli. 
MR combines AR and VR to create a digital 
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model that allows for real-world interaction, 
with the advantage of adapting information 
and models in real time.2 Whereas in AR the 
surgeon can view the data projected from the 
headset, MR provides the ability to interact 
with and manipulate the digital content (Fig-
ure). Both AR and MR have been adapted for 
use in the OR, while VR has been adapted for 
use in surgical planning and training. 

Extended Reality Use in Orthopedics
The HipNav system was introduced in 
1995 to create preoperative plans that as-
sist surgeons in accurately implanting the 
acetabular cup during total hip arthroplasty 
(THA).3 Although not commercially suc-
cessful, this system spurred surgeons to 
experiment with XR to improve the accu-
racy and alignment of orthopedic implants. 
Systems capable of displaying the desired 
intraoperative implant placement have 
flourished, with applications in fracture re-
duction, arthroplasty, solid tumor resection, 
and hardware placement.4-7 Accurate align-
ment has been linked to improvements in 
patient outcomes.8-10 XR has great potential 
within the field of arthroplasty, with multi-
ple new systems approved by the FDA and 
currently available in the US (Table). 

Hip Arthroplasty
Orientation of the acetabular cup is a tech-
nically challenging part of THA. Accuracy 
in the anteversion and inclination angles of 
the acetabular cup is required to maintain 
implant stability, preserve functional range 
of motion (ROM), and prevent precocious 
wear.11,12 Despite preoperative planning, sur-
geons often overestimate the inclination 

angle and underestimate anteversion.13 Im-
proper implantation of the acetabular cup 
can lead to joint instability caused by aseptic 
loosening, increasing the risk of dislocation 
and the need for revision surgery.14,15 Disloca-
tions typically present to the emergency de-
partment, but primary care practitioners may 
encounter patients with pain or diminished 
sensation due to impingement or instability.16

The introduction of XR into the OR has 
provided the opportunity for real-time navi-
gation and adjustment of the acetabular cup 
to maximize anteversion and inclination an-
gles. Currently, 2 FDA-approved systems are 
available for THA: the Zimmer and Surgi-
cal Planning Associates HipInsight system, 
and the Insight Augmented Reality Visualiza-
tion and Information System (ARVIS). The 
HipInsight system consists of a hologram 
projection using the Microsoft HoloLens2 
device and optimizes preoperative planning, 
producing accuracy of anteversion and in-
clination angles within 3°.17 ARVIS employs 
existing surgical helmets and 2 mounted 
tracking cameras to provide navigation intra-
operatively. ARVIS has also been approved for 
use in total knee arthroplasty (TKA) and uni-
compartmental knee arthroplasty.18 

HipInsight has shown utility in increas-
ing the accuracy of acetabular cup placement 
along with the use of biplanar radiographic 
scans.19 However, there are no studies vali-
dating the efficacy of ARVIS and HipInsight 
and assessing long-term disease-oriented or 
patient-oriented outcomes.

Knee Arthroplasty
In the setting of TKA, XR is most effective in 
ensuring accurate resection of the tibial and 

TABLE. Available FDA-Approved Extended Reality Systems for Arthroplasty
System Arthroplasty types FDA approval year

Insight Augmented Reality Visualization and Information System18 TKA; THA 2018

Zimmer and Surgical Planning Associates HipInsight System17 THA 2020

Stryker Blueprint MR System38 TSA 2020

Medacta NextAR Knee25 TKA 2021

Pixee Medical Knee+24 TKA 2021

Medacta NextAR Shoulder39 TSA 2022

Polaris STELLAR Knee26 TKA 2023

Abbreviations: FDA, US Food and Drug Administration; THA, total hip arthroplasty; TKA, total knee arthroplasty; TSA, total shoulder arthroplasty.
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femoral components. Achieving the planned 
femoral coronal, axial, and sagittal angles al-
lows the prosthesis to be on the femoral axis 
of rotation, improving functional outcomes. 
XR systems for TKA have been shown to 
increase the accuracy of distal femoral re-
section with a limited increase in surgery du-
ration.20,21 For TKA in particular, patients 
are often less satisfied with the result than 
surgeons expect.22 Accurate alignment can 
improve patient satisfaction and reduce re-
turn-to-clinic rates for postoperative pain 
management, a factor that primary care prac-
titioners should consider when recommend-
ing a patient for TKA.23 

Along with ARVIS, 3 additional XR sys-
tems are FDA-approved for use in TKA. 
The Pixee Medical Knee+ system uses smart 
glasses and trackers to aid in the positioning 
of instruments for improved accuracy while 
allowing real-time navigation.24 The Medacta 
NextAR Knee’s single-use tracking system al-
lows for intraoperative navigation with the 
use of AR glasses.25 The Polaris STELLAR 
Knee uses MR and avoids the need for pre-
operative imaging by capturing real-time an-
atomic data.26

The Pixee Medical Knee+ system was 
commercially available in Europe for sev-
eral years prior to FDA approval, so more 
research exists on its efficacy. One study 
found that the Pixee Medical Knee+ system 
initially demonstrated an inferior clinical 
outcome, attributed to the learning curve 
associated with using the system.27 How-
ever, more recent studies have shown its 
utility in improving alignment, regardless 

of implant specifications.28,29 The Medacta 
NextAR Knee system has been shown to 
improve accuracy of tibial rotation and soft 
tissue balance and even increase OR effi-
ciency.30,31 The Polaris STELLAR Knee sys-
tem received FDA approval in 2023; no 
published research exists on its accuracy 
and outcomes.26

Shoulder Arthroplasty
Minimally invasive techniques are favored 
in total shoulder arthroplasty (TSA) due to 
the vitality of maintaining the surrounding 
soft tissue to maximize preservation of mo-
tility and strength.32 However, this compli-
cates the procedure by decreasing the ability 
to effectively access and visualize key struc-
tures of the shoulder. Accordingly, issues 
with implant positioning and alignment are 
more common with TSA than other joint ar-
throplasties, making XR particularly prom-
ising.33 Some studies report that up to 67% 
of patients experience glenohumeral in-
stability, which can clinically present as 
weakness, decreased range of motion, and 
persistent shoulder pain.34,35 The use of pre-
operative computed tomography to improve 
understanding of glenoid anatomy and gle-
nohumeral subluxation is becoming increas-
ingly common, and it can be combined with 
XR to improve accuracy.36,37 

Two FDA-approved systems are available. 
The Stryker Blueprint MR system is used for 
intraoperative guidance and integration for 
patient imaging used for preoperative plan-
ning. The Medacta NextAR Shoulder system 
is a parallel of the company’s TKA system. 
The Stryker Blueprint MR system combines 
the Microsoft HoloLens 2 headset to display 
preoperative plans with a secondary display 
for coordination with the rest of the surgical 
team.38 Similar to the Medacta NextAR Knee, 
the Medacta NextAR Shoulder system uses 
the same single-use tracking system and AR 
glasses for intraoperative guidance.39

Data on the long-term outcomes of 
using these systems are still limited, but the 
Stryker Blueprint MR system has not been 
shown to accurately predict postoperative 
ROM.40 Cadaveric studies have demon-
strated that the Medacta NextAR Shoulder 
system can provide accurate inclination, 
retroversion, entry point, depth, and ro-
tation values based on the preoperative 

FIGURE. A comparison of the features of the different types of extended reality. 
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planned values.41,42 However, this accuracy 
has yet to be confirmed in vivo, and the im-
pact of using XR in TSA on long-term out-
comes is still unknown.

CHALLENGES AND LIMITATIONS 
Though XR has proven to be promising in 
arthroplasty, several limitations regarding 
widespread implementation exist. In partic-
ular, there is a steep learning curve associ-
ated with the use of XR systems, which can 
cause increased operative time and even 
initial inferior outcomes, as demonstrated 
with the Pixee Medical Knee+ system. The 
need for extensive practice and training 
prior to use could delay widespread adop-
tion and may cause discrepancies in sur-
gical outcomes. Unfamiliarity with the 
system and technological difficulties that 
may require troubleshooting can also in-
crease operative time, particularly for sur-
geons new to using the XR system. Though 
intraoperative navigation is expected to im-
prove accuracy of implant alignment, its 
added complexity may also result in longer 
surgeries.

In addition to the steep learning curve and 
increased operative time, there is a high up-
front cost associated with XR systems. Exact 
costs of XR systems are not typically dis-
closed, but available estimates suggest an av-
erage sales price of about $1000 per case. 
Given the proprietary nature of these tech-
nologies, publicly available cost data are lim-
ited, making it challenging to fully assess the 
financial burden on health care institutions. 
Though some systems, such as ARVIS, can 
be integrated with existing surgical helmets, 
many require the purchase of AR glasses and 
secondary displays. This can cause further 
variation in the total expense for each system. 
In low-resource settings, this represents a sig-
nificant challenge to widespread implementa-
tion. To justify this cost, additional research 
on long-term patient outcomes is needed to 
ensure the benefits of XR systems outweigh 
the cost. 

Although early studies on XR systems in 
arthroplasty have shown improvements in 
precision and short-term outcomes, long-
term data regarding effectiveness remains. 
Even systems such as ARVIS and HipInsight 
have limited long-term follow-up, making 
it difficult to assess whether the improved 

accuracy with these XR systems translates 
into improved patient outcomes compared 
with traditional arthroplasty.

CONCLUSIONS
XR technologies have shown significant po-
tential in enhancing precision and patient 
outcomes. Through the integration of XR 
in the OR, surgeons can visualize preoper-
ative plans and even make intraoperative 
changes, with the benefit of improving im-
plant alignment. 

There are some disadvantages to its use, 
however, including high cost and increased 
operative time. Despite this, the integra-
tion of XR into surgical practice can de-
liver more precise implant alignment and 
address other challenges faced with con-
ventional techniques. As these technologies 
evolve and studies on long-term outcomes 
validate their utility, XR has the potential to 
transform the field of arthroplasty.
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