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Abstract

Purpose The use of virtual reality (VR) based rehabilitation has increased substantially within orthopedic surgery, particu-
larly in the field of total knee arthroplasty (TKA). The objective of this systematic review and meta-analysis was to compare
patient-reported outcomes and cost analyses from randomized controlled trials (RCT) utilizing VR-based rehabilitation in
patients following TKA.

Methods MEDLINE, EMBASE, and Cochrane databases were searched for RCTs involving VR-based rehabilitation follow-
ing TKA. Quantitative synthesis was conducted for pain scores and functional outcomes. Narrative outcomes were reported
for results not amenable to quantitative synthesis.

Results A total of 9 RCTs with 835 patients were included with follow-up ranging from 10 days to 6 months postoperatively.
No differences in pain scores were demonstrated between VR-based and traditional rehabilitation at 2 weeks and 3 months
postoperatively. VR-based rehabilitation demonstrated improved functional outcomes at 12 weeks (n =353) postoperatively
[mean difference (MD) — 3.32, 95% confidence interval (CI) — 5.20 to — 1.45, moderate certainty evidence] and 6 months
(n=0606) postoperatively [MD — 4.75,95% CI — 6.69 to — 2.81, low certainty evidence], compared to traditional rehabilita-
tion. One trial demonstrated significant cost savings with the use of VR-based rehabilitation.

Conclusions VR-based rehabilitation for patients undergoing TKA represents an evolving field that may have advantages
over traditional therapy for some patients. The current review is limited by the low quality of evidence in the literature. This
is a rapidly evolving field with more trials needed to determine the impact of VR-based rehabilitation on patients undergo-
ing TKA.

Level of evidence Level I; meta-analysis of randomized controlled trials.

Keywords Total knee arthroplasty - Virtual reality - Rehabilitation - Telemedicine - Telerehabilitation

Introduction delivery models have been explored [19]. In recent years,

telerehabilitation has been proposed as an efficacious and

Physical rehabilitation following total knee arthroplasty
(TKA) has been widely implemented and has been shown
to improve early functional outcomes and patient satisfaction
[25]. Post-hospitalization rehabilitation represents a signifi-
cant proportion of the overall cost of TKAs and alternative
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cost-effective alternative to traditional in-person approaches
[20, 21]. A meta-analysis has demonstrated that telerehabili-
tation results in similar pain relief and functional outcomes
when compared to face-to-face rehabilitation [12].

Virtual reality (VR) represents a core of technology
which enables its users to be fully immersed in a simulated
world and feel a sense of actual presence by providing mul-
timodal stimuli [17]. The use of VR-based rehabilitation
has increased substantially within orthopedic surgery and
TKA in particular. A systematic review done by Blasco et al.
(2019) examined evidence from randomized controlled tri-
als (RCTs) published before January 2018 on the efficacy of
VR-based rehabilitation in TKA but was only able to con-
duct a narrative summary [2]. A number of RCTs have been


http://orcid.org/0000-0002-2615-4919
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-022-06910-x&domain=pdf

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:2548-2555

2549

published since the release of the systematic review and an
up-to-date systematic review and meta-analysis is needed
and will be useful for clinicians and researchers [1, 8, 12].

Several VR-based protocols have been proposed for reha-
bilitation following TKA. Early protocols utilized estab-
lished interactive video games such as the Nintendo Wii™
as an adjunct to traditional therapy [5]. Advances in technol-
ogy have allowed for more elaborate VR-based therapy with
3-dimensional tracking technology and digitally simulated
coaches to demonstrate and provide immediate feedback
on exercise quality [1]. VR therapy has been introduced as
an adjunct to formal in-person therapy or as the primary
mode of rehabilitation with telehealth therapists monitoring
patients’ progress in an asynchronous fashion based on the
feedback from the VR platform [1, 5].

The purpose of this systematic review and meta-analysis
was to analyze pain scores, functional outcomes and cost
analyses from randomized controlled trials utilizing VR-
based rehabilitation in patients following TKA. We hypoth-
esize that VR-based rehabilitation will result in similar pain
and functional outcomes with potential cost savings when
compared to traditional rehabilitation.

Methods

This systematic review and meta-analysis was conducted in
accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines for
conducting and reporting systematic reviews [22].

Literature search

Ovid MEDLINE, Ovid EMBASE, and Cochrane Controlled
Register of Trials (CENTRAL) were searched for potentially
eligible studies from inception to October 25, 2021. Both
index terms and free-text terms regarding to “virtual reality”
and “TKA” were searched and the results were filtered for
RCTs. In addition, the reference lists of related systematic
reviews were cross-referenced to identify eligible studies.
The complete search strategy is available in the Appendix 1.

Assessment of study eligibility

The inclusion and exclusion criteria were defined a priori.
Eligible studies were RCTs investigating a rehabilitation
program involving a VR tool; defined as hardware/software
devices creating a simulated environment for adult patients
who have undergone TKA to interact with [16]. Only stud-
ies published in English were included. Non-randomized
or quasi-randomized trials were excluded. Studies that
included other joints or non-arthroplasty interventions of the
knee were excluded. Studies that did not report functional

outcomes or pain scores were included in the narrative
review but excluded from the quantitative synthesis.

Study screening and data extraction

Two independent reviewers conducted study screening,
inclusion, and extraction. Any disagreement between the
two reviewers was resolved by consulting a third reviewer.
The extracted data included study characteristics, rehabili-
tation protocol characteristics, patient demographics, cost-
effectiveness analyses, pain scores and functional outcomes.
The pain score included in this review was the visual analog
scale (VAS). The functional outcomes included in the quan-
titative synthesis were the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and the Knee
Injury and Osteoarthritis Outcome Score (KOOS). Func-
tional outcome data was extracted for the following time
points; < 6 weeks postoperatively, 12 weeks postoperatively;
6 months postoperatively. Pain scores were extracted at
2 weeks and 3 months postoperatively.

Study appraisal and evidence synthesis

Risk of bias and quality of evidence were determined using
the Cochrane risk of bias 2 tool and the GRADE (Grad-
ing of Recommendations, Assessment, Development and
Evaluations) approach, respectively [29, 32]. Quantitative
synthesis was conducted using Review Manager (RevMan)
5 for pain outcomes measured by the VAS and functional
outcomes. As per the guidelines set out by the GRADE all
scores for each measured outcome were converted to a com-
mon scale [9]. A disease specific index (DSI) which incor-
porates the WOMAC and the KOOS was created [14, 27]. A
meta-analysis using a random-effects model was performed
and generated forest plots. Mean difference (MD) with 95%
confidence intervals (CI) were calculated between groups for
both DSI and VAS scores and reported accordingly. I? tests
were used to assess heterogeneity across studies. Narrative
summary of evidence was also provided. A p-value of <0.05
was considered statistically significant for all outcomes.

Results
Literature search

The results of the search are depicted in Fig. 1. After title,
abstract and full text review, 9 RCTs with 835 patients ran-
domized to VR-based telerehabilitation vs. traditional reha-
bilitation following TKA were identified and included in the
final review [1, 4, 5, 8, 10, 13, 24, 26, 35].

@ Springer



2550 Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:2548-2555
c
2 Records removed before
« .
o . . _ screening:
£ Records identified (n = 146) | Duplicate records removed
o (n = 37)
2
Records screened (n = 109) || Records excluded (n = 94)
£
=
o
: i
O
n
Fl.,l||.-t??(ts assessed for
__J | eligibility (n=15) Reports excluded:
Not meeting eligibility (n = 3)
l Conference abstract (n = 4)
Protocol (n = 1)
Eligible studies included in
review (n =7)
° Eligible studies identified from
(%]
= other sources (n = 2)
° Studies included in the
= quantitative analysis (n = 5)
Studies included in narrative
summary (n = 9)

Fig.1 PRISMA diagram

Characteristics of included studies

The characteristics of the included studies are described in
Table 1. All patients underwent primary TKA. The median
sample size was 50 (range 26-306). The median age of
included patients was 68.5 (IQR; 66.9-72.7) years. Of the
835 patients, 299 (36%) were male. Follow-up ranged from
10 days postoperatively to 6 months postoperatively.

Study quality

The risk of bias summary is available in the Appendix 2.
Overall, the highest risk of bias was due to concerns

@ Springer

regarding the blinding of participants and personnel. Utiliz-
ing the GRADE approach, the quality of evidence was rated
“very low” to “moderate” (Table 2).

Pain scores

Postoperative pain was evaluated using the VAS pain scores
(Fig. 2). In studies evaluating pain scores in within 2 weeks
following surgery (n=282), no differences in pain scores
were identified between the two groups [8, 13, 24]. Simi-
larly, in studies evaluating pain scores >3 months from
surgery (n=133), no differences in pain scores were found
between groups [24] (Fig. 2).
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Table 2 GRADE Quality of

. Statistical Significance ~ Quality of Evidence
Evidence
VAS pain (<2 weeks after TKA) No Very Low
VAS pain (3 months after TKA) No Very Low
Disease specific index (<6 weeks after TKA) No Very Low
Disease specific index (12 weeks after TKA) Yes Moderate
Disease specific index (6 months after TKA) Yes Low

GRADE Grading of Recommendations, Assessment, Development and Evaluations, VAS visual analog

scale, TKA total knee arthroplasty

VR rehabilitation Traditional reabilitation Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI ABCDEFG
1.1.1 VAS pain (= 2 weeks after TKA)
Gianola etal, 2020 2462 168 35 3123 1959 39 18.8% -6.61[14.90,168 = 2900066
Jinetal, 2018 387 55 33 442 7.9 33 368% -550[-8.78,-2.22) —— ?7@®
Piqueras etal, 2013 -069 144 72 -0B1 187 70 44.4%  -0.08 [0.63,0.47) [l 9900066
Subtotal (95% CI) 140 142 100.0% -3.30[-8.03, 1.43] ->
Heterogeneity: Tau®= 13.03; Chi*= 12.44, df= 2 (P = 0.002); F= 84%
Testfor overall effect Z=1.37 (P=0.17)
1.1.2 VAS pain (3 months after TKA)
Pigueras etal,, 2013 179 245 B8 23 203 65 100.0%  0.51[0.251.27] ! T+ @+ @+
Subtotal (95% CI) 68 65 100.0%  0.51[-0.25, 1.27]
Heterogeneity: Not applicable
Test for overall effect: Z=1.31 (P=0.19)
1.1.3 Disease specific Index (DS, < 6 weeks after TKA)
Gianola etal, 2020 304 732 35 3763 955 39 23.0% -7.29[11.15,-3.43] — 9906066
Jinetal, 2018 32 524 33 35086 519 33 286% -3.06[5.58,-0.54] —— 272072®7@®
Prvu Bettger et al., 2020 33 115 143 38.2 13.5 144 27.0%  0.80[2.10,3.70) - 2707088
Yoon etal., 2020 1978 597 15 2225  B.01 15 213%  -2.47 [6.76,1.82) —e (11 Ed BX
Subtotal (95% CI) 226 231 100.0% -2.87[-6.03, 0.30] -
Heterogeneity: Tau*= 7.48; Chi*=11.09, df=3 (P=0.01); F=73%
Test for overall effect. Z=1.77 (P = 0.08)
1.1.4 DSI (12 weeks after TKA)
Jinetal, 2018 2579 42 33 2967 5.55 33 625% -3.88[6.25,-1.51] - 27297272 ®
Prvu Bettger et al., 2020 304 121 143 328 143 144 375%  -2.40[-5.46, 0.66) — 277079008
Subtotal (95% CI) 176 177 100.0% -3.32[-5.20,-1.45] &
Heterogeneity: Tau®*= 0.00; Chi*= 0.56, df=1 (P =0.45); F=0%
Test for overall effect: Z= 3.47 (P = 0.0005)
1.1.5 DSI (6 months after TKA)
Jinetal, 2018 21.58 419 33 2633 3.85 33 100.0% -4.75[-6.69,-2.81] ! 27720?2®7@®
Subtotal (95% CI) 33 33 100.0% -4.75[-6.69,-2.81]
Heterogeneity: Not applicable
Test for overall effect: Z= 4.80 (P < 0.00001)

20 -10 0 10 20

. . Favours VR Favours Traditional
Testfor subgroup differences: Chi*= 36.83, df=4 (P < 0.00001), F=89.1%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting hias)

(G) Other bias

Fig. 2 Forest charts depicting pain and disease specific indices. C confidence interval, VAS visual analog scale, TKA total knee arthroplasty, DS/
disease specific index, VR virtual reality

Disease specific index (Fig. 2) [1, 8, 13, 35]. At this time point, no significant dif-
ferences were demonstrated. VR-based rehabilitation made
statistically significant improvements in DSI at 12 weeks
(n=353) postoperatively [mean difference (MD) — 3.32,

95% confidence interval (CI) — 5.20 to — 1.45] and 6 months

The disease specific scores utilized in the included studies
were the WOMAC and the KOOS. Four studies (n=457)
evaluated DSI within the 6-week postoperative period

@ Springer
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Table 3 Narrative summary of key findings from included RCTs

Author, Year Key Findings

Christiansen et al. 2015 [23]

A 6-week of weight-bearing biofeedback training plus standard of care rehabilitation resulted in an improved

five times sit-to-stand test times and an increase in knee extension moments during gait, compared to standard
of care rehabilitation alone. However, the intervention did not improve functional weight-bearing symmetry or
knee extension moments during the five times sit-to-stand test

Fung et al. 2012 [24]

After examining the percentage change from study enrollment to discharge, the authors found no statistically

significant difference in outcomes such as pain, knee flexion and extension, walking speed, timed standing
tasks, Lower Extremity Functional Scale, Activity-specific Balance Confidence Scale, or patient satisfaction,
between VR-based rehabilitation (Nitendo Wii Fit gaming activity) and traditional rehabilitation (lower extrem-

ity exercise)
Gianola et al. 2020 [14]

VR-based rehabilitation resulted in a significant improvement in the global proprioception, but did not improve

outcomes such as pain and function, compared to traditional rehabilitation

Hadamus et al. 2021 [29]

No significant improvements in the postural stability parameters assessed were observed in neither the VR-based

rehabilitation group nor the standard postoperative rehabilitation group

Jin et al. 2018 [25]

Compared to traditional rehabilitation, VR-based rehabilitation significantly reduced postoperative pain at 3, 5,

and 7 days post TKA, improved Western Ontario and McMaster University osteoarthritis index (WOMAC)
as well as Hospital for Special Surgery knee score (HSS) at 1, 3, 6 months post TKA. Knee range of motion
was significantly higher in the VR-based rehabilitation group than traditional rehabilitation group at 3, 7, and

14 days post TKA
Piqueras et al. 2013 [26]

VR rehabilitation (a 2-week interactive virtual telerehabilitation), which achieved improvements similar to the

traditional rehabilitation group did in most outcome variables (e.g., active knee flexion, visual analog pain),
was non-inferior to traditional face -to-face rehabilitation

Prvu Bettger et al. 2020 [15]

Virtual physical therapy with telerehabilitation significantly reduced the healthcare cost at 12 weeks after dis-

charge and was non-inferior to traditional physical therapy in terms of Knee injury and Osteoarthritis Outcome
Score (KOOS), knee extension, knee flexion, gait speed, pain, and hospital readmission. Patients undergoing
virtual rehabilitation had significantly better adherence to exercise

Roig-Casasus et al. 2018 [27] VR rehabilitation improved balance performance according to the Berg Balance Scale and Functional Reach Test

compared to traditional rehabilitation

Yoon et al. 2020 [28]

VR rehabilitation yielded better early balance ability and knee function, compared to the control group

(n=66) postoperatively [MD — 4.75, 95% CI — 6.69 to
— 2.81], compared to traditional rehabilitation [1, 13].

Narrative results

A complete summary of key outcomes not amenable to
statistical synthesis are outlined in Table 3. Only one trial
evaluated the cost-effectiveness of VR-based rehabilitation.
Prvu Bettger et al. demonstrated that VR-based rehabilita-
tion costs significantly less than traditional rehabilitation
[median in United States dollars: 1050 vs. 2805, p <0.001]
at 12 weeks after surgery [1].

Discussion

The most important findings of the present study were that
VR-based rehabilitation had significantly better patient-
reported outcome scores at 3 and 6 months postoperatively
and similar improvements in postoperative pain when com-
pared to traditional rehabilitation protocols.

Postoperative rehabilitation aiming at functional restora-
tion and pain relief is an essential and critical part of the
recovery process [25]. Studies have shown that postoperative

rehabilitation could be beneficial to patients following TKA,
including shortening hospital stays and reducing complica-
tions [3]. Telerehabilitation, including VR-based therapy,
has the potential to address barriers to access including
therapist availability and presence of therapy centers within
a reasonable distance. The projected increase in TKA is
expected to outpace the availability of physical therapists
[11]. VR-based therapy has the potential to reduce that bur-
den as therapists can be utilized asynchronously and pro-
vide synchronous care when progress stalls [1]. VR-based
therapy can be performed from home, avoiding the need for
transportation to a therapy center, making it a potential time
and cost-saving measure [20]. This is particularly valuable in
the immediate postoperative period when patients are unable
to drive themselves to appointments or with patients located
in rural areas.

A critical aspect of postoperative therapy is patient
adherence. Lack of adherence to postoperative rehabilita-
tion protocols has been linked to increased pain, stiffness
and weakness following TKA [25]. Factors affecting adher-
ence to exercise adherence in this population include tim-
ing, transportation, access to exercise equipment and cost of
physiotherapy sessions [18, 23, 34]. Given that VR-based
telerehabilitation has the opportunity to address many of
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these barriers, there may be an opportunity for improved
exercise adherence postoperatively. Bettger el al (2020) dem-
onstrated that patients undergoing VR-based telerehabilita-
tion had significantly greater adherence to their prescribed
protocols than patients enrolled in traditional therapy which
may have played a role in the improved functional outcomes
observed [1].

One of the driving forces in the shift towards telereha-
bilitation as a whole is the potential cost savings at both a
patient and systems level [33]. Telerehabilitation has dem-
onstrated cost savings compared to face-to-face therapy, par-
ticularly when travel costs are considered [6, 33]. Although
telerehabilitation addresses geographic and transportation
barriers, the cost and availability of therapists remains a bar-
rier to access. VR-based rehabilitation has the potential to
eliminate these barriers as patients can access and perform
therapy from home without requiring an available therapist.
Only Bettger et al. (2020) reported the cost and safety out-
comes among the included RCTs [1]. They demonstrated
that VR-based rehabilitation costs significantly less than tra-
ditional rehabilitation and reported that significantly fewer
patients receiving VR-based rehabilitation were re-hospital-
ized, compared to those who had traditional rehabilitation.
Future trials should include cost analyses and comparisons
between VR-based telerehabilitation and therapist based
telerehabilitation.

Finally, the ongoing Covid-19 pandemic has necessi-
tated the rapid adoption and integration of digital health
tools including VR-based rehabilitation [7, 15]. VR-based
rehabilitation has been implemented across disciplines to
provide effective rehabilitation programs while conferring to
social distancing measures and minimizing risk for patients.
Within the pandemic, VR-based rehabilitation has been suc-
cessfully implemented for patients with cognitive disorders,
chronic obstructive pulmonary disorder, chronic low back
pain and Covid-19 itself [7, 28, 31]. A review by Singh et al.
(2020) stated that VR technology could decrease the risk of
contracting COVID-19 by reducing the in-person contact
between healthcare personnel and patients, and should be
considered as a “complementary medical/healthcare edify
tool [that] will enhance the execution of medical delivera-
bles.” [30]

This review is limited by the current available literature.
There were significant variations in both the VR and stand-
ard protocols with respect to type of exercises and duration
of rehabilitation. This variability makes it more difficult to
make meaningful conclusions from synthesized data in a
meta-analysis. Given that no trials have analyzed different
VR-rehabilitation protocols, the optimal strategy and pro-
tocol remains unknown. Additionally, we rated the quality
of evidence as moderate to very low, indicating that current
evidence is inadequate to allow a clear conclusion. Small
sample size in the meta-analysis is one of the main concerns.

@ Springer

Conclusions

VR-based rehabilitation for patients undergoing TKA rep-
resents an evolving field that may have advantages over
traditional therapy for some patients. VR-based rehabilita-
tion has the potential to reduce costs at both the healthcare
and patient level, increase exercise adherence and reduce
barriers to accessing postoperative therapy following
TKA. However, the review is limited by the available of
high-quality evidence and variability in the rehabilitation
protocols. Future research is required to confirm the results
of the current study and to evaluate the optimal VR-reha-
bilitation protocol.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00167-022-06910-x.
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