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ABSTRACT – Objective: Balance and proprioceptive deficits persist after Total Knee Arthroplasty (TKA), resulting 
in disability in activities of daily living. Consequently, balance training has become an integral component of reha-
bilitation after TKA, with a recent shift to virtual reality-based exercises like Nintendo Wii Fit balance games, which 
enhance patient motivation and feedback. This study aimed at comparing the effectiveness of Nintendo Wii-based 
balance exercises with conventional balance exercises on static balance, dynamic balance, and disability after TKA. 

Patients and Methods: In this two-arm parallel-group single-blinded pilot randomized clinical trial, 22 partic-
ipants (2-6 months after TKA) were recruited, of which 10 participants completed the study. They were random-
ized to receive either Nintendo Wii Fit balance or conventional balance training, besides the same general reha-
bilitation exercises for both groups. Baseline (before) and post-intervention (after completing 6 sessions spread 
over 2 weeks) assessment for the primary outcomes – single limb stance time (SLST), timed up and go (TUG) test, 
stability and weight distribution indexes with tetrax posturography, and secondary outcomes – WOMAC score 
and 2-minute walk test, were performed.

Results: Per-protocol analysis revealed that the Nintendo Wii group showed better improvement in SLST than 
the conventional group [Right: mean between-group difference (MD) = 1.44 sec, 95% CI: -6.93, 9.81; Left: MD = 
4.62 sec, 95% CI: -3.41, 12.65]. Improvements in TUG were similar in both groups (MD = -0.08 sec; 95% CI: -2.09, 
1.93). Tetrax posturography indicated better scores with Nintendo Wii exercises for all positions other than eyes 
closed on an unstable surface.

Conclusions: This preliminary study favors using Nintendo Wii Fit balance gaming as an adjunct or alternative 
to conventional balance training after TKA, with greater effects on the static balance due to training specificity. 
Future studies with large sample sizes and follow-up are required. 

KEYWORDS: Total knee arthroplasty, Balance training, Nintendo Wii Fit, Gaming rehabilitation, Virtual reality, 
Proprioception.
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INTRODUCTION

Total knee arthroplasty (TKA) is a common treatment for patients with osteoarthritis suffering from 
unrelenting pain, symptoms, and deteriorating quality of life. In India, 97% of TKA surgeries were per-
formed for osteoarthritis in 20131. However, impairments in balance, muscle strength, proprioception, 
and postural control have often been observed even after TKA2-7. Despite significant improvements in 

proprioception and balance after TKA, these persisting deficits affect the patient’s ability to undertake 
their tasks of daily living, such as walking, turning, climbing stairs, and gait stability3,7. Consequently, 
balance training has become an integral component of rehabilitation after TKA for improving physi-
cal function8. Over the years, virtual reality-based exercise regimens, which offer better feedback with 
enhanced patient interaction and motivation, are superseding conventional exercise interventions. In 
terms of game-based exercise training, Nintendo Wii has surpassed its contemporary game providers 
and is a widely used modality9. 

Nintendo Wii Fit gaming consists of the Wii Balance Board − a platform device that monitors alterations 
in the user’s center of pressure by sensing the amount of body weight applied to it, and accompanying 
software that provides auditory and visual feedback on the users’ movement on the balance board as 
they perform an exercise task10. Balance training using the Nintendo Wii gaming console has been used in 
patients with a variety of neurological disorders, as well as for rehabilitation in the elderly for fall preven-
tion10. However, there is a dearth of evidence investigating its efficacy in musculoskeletal rehabilitation. A 
recent review11 outlined the need for further research on Nintendo Wii Fit gaming, highlighting the lack 
of substantial evidence. Although a few studies12,13 have employed virtual reality-based exercises after 
TKA, the exact effect of such training on static or dynamic balance is yet to be determined. Therefore, we 
conducted this study to evaluate the effectiveness of Nintendo Wii Fit balance games in postoperative 
rehabilitation for TKA patients. We compared the effects of Nintendo Wii-based balance exercises and 
conventional balance exercises on balance (static and dynamic) and disability after TKA.

PATIENTS AND METHODS

This was a two-arm parallel-group single-blinded (participants were blinded to the group assignment) 
pilot randomized clinical trial conducted at the geriatric rehabilitation clinic of the Indian Spinal Injuries 
Centre Institute of Rehabilitation Sciences, associated with a tertiary-care hospital. Ethical clearance 
was obtained from the Institutional Ethical Committee (IEC No- ISIC/IIRS/RP/2015/091), and the study 
was conducted between December 2016 and April 2017. Retrospective hospital medical records were 
obtained; potential participants were invited by telephone, and flyers about the study were put up. 
Patients (aged 45-75 years) who had undergone primary TKA in the previous 2-6 months14 (to allow pain 
and edema to subside after surgery, so they could tolerate balance exercises) and were able to compre-
hend written and verbal instructions, were included in the study. Those with any uncontrolled systemic 
disease (such as hypertension), musculoskeletal, cardiovascular, or  neurological disorders that could 
affect balance, sensory deficit (uncorrected vision or vestibular), diagnosed with cognitive deficits, revi-
sion knee arthroplasty, and significant postoperative complications, were excluded6,15. All patients who 
agreed to participate were provided with a patient information sheet and written informed consent for 
participation was obtained. 

Based on a significance level of 0.05 and 80% power to detect a difference of 1.34 seconds on TUG 
with an estimated standard deviation of 1.095 seconds and a 10% dropout rate, the sample size was 
calculated as 13 in each group16. The initial target sample size was 30 participants (15 in each group, as 
cleared by the IEC) who were randomized into two groups receiving either Nintendo Wii Fit balance ex-
ercises or conventional balance exercises, along with general rehabilitation after TKA. However, due to a 
low recruitment rate, the study was stopped at 22 participants in April 2017. Consequently, the number 
of participants allocated to each group was different, and the results for each group were computed 
using per-protocol analysis. 

The included participants were then randomized using a computer-generated randomization list 
to receive either Nintendo Wii Fit balance exercises (experimental) or conventional balance exercises 
(control). Group assignment of the participants was performed by the second investigator keeping the 
patients blinded; the first investigator (physiotherapist) performed all interventions in individual ses-
sions. Both groups received the same general rehabilitation exercises consisting of strengthening and 
flexibility exercises, and gait training carried out in a 40-45 minutes-long session (see Appendix for 
protocol). Additionally, each group received 15 minutes of balance exercises, according to their group 
assignment. These sessions were carried out thrice a week for 2 weeks.

http://www.jointsjournal.org/wp-content/uploads/sites/9/2023/04/Appendix.pdf
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The experimental group performed 15 minutes of Nintendo Wii Fit gaming. An adjustable walker was 
placed in front of the balance board which could be used for support, if required. The physiotherapist 
guided the participant during the session on how to perform the gaming task. Each participant started 
by playing the basic ‘Deep Breathing’ game and then continued to play all the games during all six ses-
sions. The games used were the same as those used by Fung et al17.

Lateral Weight Shifting

 -	 Penguin slide: the participant plays as a penguin in the center of an iceberg; shifting weight to the 
right or left foot moves the penguin in the same direction on the iceberg.

 -	 Ski slalom: the participant must lean right and left on the balance board to guide the movement of 
the character on the screen through a series of gates. On sharp turns, increased pressure is required 
to move the character to the desired side.

 -	 Tightrope walk: the participant marches in place on the balance board, leaning to the right or left to 
move the screen character across a tightrope.

Multidirectional Balance

 -	 Table tilt: this game requires the participant to shift weight in forward, backward, right, and left di-
rections to tilt the table appearing on the screen and roll the marbles on the table into the holes.

 -	 Hula hoop: like using a hula hoop, the participant rotates hips quickly in a circular motion so that the 
screen character spins a hula hoop around the waist.

 -	 Balance bubble: the participant, appearing as standing within a bubble on the screen, leans forward, 
backward, right, or left to guide the bubble across the river.

Static and Dynamic Postural Control

 -	 Deep breathing: the participant stands still on the balance board while taking slow deep breaths. A 
tracking dot on the screen depicts the participant’s Centre of Gravity (COG) and weight distribution. 

 -	 Half moon: this requires maintaining the COG-tracking dot steady within the target circle while keep-
ing arms elevated and fingers clasped.

 -	 Torso twist: the participant abducts the arms to shoulder level, and then twists slowly by rotating the 
trunk from left to right to center and then back again while maintaining the COG-tracking dot steady 
within the target circle17.
The control group participants performed the conventional balance exercises while standing. The ex-

ercises consisted of alternating hamstring curls, hip abduction, hip extension, lunges on a stool, and mini 
squats. They were allowed to hold onto a solid support (like a wall) if required while doing the exercises. 
All these exercises were performed for 3 sets of 10 repetitions each for either leg17.

The study outcomes were assessed once before starting the intervention (baseline) and at the end 
of the six sessions. The primary outcomes evaluated were the single-limb stance time (SLST), timed up-
and-go (TUG) test, and the WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index) 
score. The secondary outcomes were stability index and weight distribution index for eyes-open and 
eyes-closed positions on stable and unstable surfaces using Tetrax posturography and the two-minute 
walk test (2MWT). These were chosen to measure static, dynamic balance, and disability, and are the 
most frequently used outcome measures for balance in the TKA population18,19.
 -	 Single-limb stance time (SLST): it evaluates static balance by measuring the time (in seconds) for which the 

patient can stand on each leg. “For the test, the patients were asked to stand with arms by their side, bare 
feet and eyes open. The timing started when the subjects raised one foot off the ground. The test ended 
if the patients displaced the weight-bearing foot, touched the suspended foot to the ground, used the sus-
pended limb to support the weight-bearing limb, or reached the maximum balance time of 30 seconds. A 
practice trial was given, followed by testing of two trials; the best trial time was recorded20”.

 -	 TUG test: this test assesses patients’ dynamic balance; patients were timed as they rose from an arm-
chair, walked 3 m, turned around, walked back to the chair, and sat back down (buttocks touching 
the chair)21. The patients’ regular footwear and customary walking aids could be used. TUG shows an 
excellent test-retest reliability for TKA (ICC = 0.97)22. One practice trial was given to all patients, after 
which the time was noted during the next trial. 
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 -	 Static posturography (Interactive Balance System - Tetrax): the patients were asked to stand barefoot 
on the force plates with arms freely hanging next to the body in a calm, distraction-free environ-
ment. Postural data were obtained from the attached computer installed with a dedicated software 
system. Four different positions were used for testing both stable surface – normal standing with 
eyes open and normal standing with eyes closed – and unstable surface (foam pillow) – standing with 
eyes open and standing with eyes closed. Each posture was maintained for 30 seconds23 and the pa-
tient was not allowed to speak or move during the test. The stability and weight distribution indexes 
that indicated static balance for all four positions were obtained.

 -	 WOMAC scale: this scale measured patient-reported disability. It consisted of three subscales: pain, 
stiffness, and physical function. Each response on the scale was recorded as a 5-point score. Higher 
scores indicated greater pain and stiffness, meaning greater functional difficulty. The scale was re-
ported as reliable and valid for TKA patients24.

 -	 2-minute walk test (2MWT): this test was used to evaluate functional mobility and dynamic balance as 
gait speed. The patients were instructed to walk for 2 minutes at a comfortable speed on a 30-m walk-
way in the corridor marked by two cones until they were asked to stop. The examiner walked behind 
the subjects, who could slow down or rest in between, if required, but should start walking as soon as 
they felt fine. The timer was stopped at 2 minutes and the distance covered was measured. Patients 
could use their regular assistive devices. The test-retest reliability of 2MWT for TKA was 0.9722.
The primary investigator, who had provided all the interventions, also carried out the clinical as-

sessments. Static posturography was performed as per the device manual, and the WOMAC scale was 
filled up by the participant, following which the score was calculated. No change in the interventions or 
outcome measures was done after starting the trial.

Statistical Analysis 

Statistical analysis was performed using SPSS (version 20.0, IBM Corp. Armonk, NY, USA). The mean 
and standard deviation (SD) values for both groups for all outcome measures were calculated at base-
line (week 0) and after the intervention (week 2). Next, the mean and SD values for the within-group 
differences (week 2-week 0) for both groups were calculated. Lastly, the two groups were compared by 
computing the mean between-group differences [experimental (week 2-week 0) – control (week 2-week 
0)] for all outcome measures. The 95% confidence intervals (CI) for the mean between-group difference 
were calculated using an online calculator (available at: https://pedro.org.au/english/resources/confi-
dence-interval-calculator/). Interpretation of clinical and statistical significance was done based on 95% 
CIs as described by Page P25.

RESULTS

The flow of study participants as per the CONSORT statement for randomized trials of nonpharmacolog-
ic treatments26 is depicted in Figure 1. A total of 135 patients, who had undergone TKA at our hospital 
in the past 2-6 months (before December 2016), were approached; out of these, 22 eligible participants 
agreed to participate and were randomized into two groups. Since compliance with the study and par-
ticipant recruitment was low, the trial was stopped at 22 participants. Furthermore, all 22 participants 
did not complete the intervention, and a few dropped out. A total of 10 (5 in each group) participants, 
who completed the intervention (all six sessions) and were available for post-intervention assessment, 
were included in the analysis. The baseline demographic details of these participants are represented 
in Table 1, and the results of the clinical outcomes measured before and after the intervention are pre-
sented in Table 2. No adverse events were reported during the intervention. 

The mean SLST (primary outcome for static balance) for both legs increased after treatment in 
both groups. However, the increase was more pronounced in the experimental group, with a mean 
between-group difference (MD) of 1.44 sec (95% CI: -6.93, 9.81) for the right limb and 4.62 sec (95% CI: 
-3.41, 12.65) for the left. Therefore, the improvement in SLST for both limbs was greater with the Nin-
tendo Wii Fit training as compared to the conventional balance training. 

For each of the four positions in which posturographic measurements were performed, the stability 
index and weight distribution index so obtained were summed up to calculate the mean differences. All 
positions demonstrated improvement with the interventions, which was greater in the experimental 
group compared to the control group (Table 2), except for standing on an unstable surface (foam pillow) 
with eyes closed (MD: -6.63; 95% CI: -21.22, 7.96).

https://pedro.org.au/english/resources/confidence-interval-calculator/
https://pedro.org.au/english/resources/confidence-interval-calculator/
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The TUG test (primary outcome for dynamic balance) showed similar improvements in both groups 
(MD -0.08 sec; 95% CI: -2.09, 1.93), indicating that the effect of balance training on dynamic balance was 
similar with both interventions after 2 weeks. However, the mean within-group difference obtained with 
both interventions was lower than the minimal clinically important difference (MCID) for TUG, which is 
3.4 seconds. The 2MWT demonstrated a mean difference of -1.52 m (95% CI: -7.46, 4.42). 

Lastly, the mean difference in WOMAC score was 0.2 (95% CI: -8.91, 9.31), meaning that both inter-
ventions led to similar improvements in disability (reduction in the WOMAC score). Notably, both groups 
had an approximately 9-point improvement in the WOMAC score, which is close to the MCID = 10 for 
WOMAC in patients undergoing TKA. 

None of the outcomes attained statistical significance as all CIs contained ‘0’ values25.

Figure 1.  Modified CONSORT flow diagram for participant flow during the study.

Table 1. Demographic characteristics of participants.

Characteristic	 Experimental group (n=9)	 Control group (n=13)

Age (yrs), median (IQR)	 61 (17)	 65 (16)
Gender, n (%) female	 5 (55.6)	 8 (61.5)
Body Mass Index (kg/m2), median (IQR)	 27.2 (2.1)	 27.9 (2.6)
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Table 2. Mean (SD) of groups and mean (95%CI) within and between-group differences.

	 Groups				    Differences within groups	 Differences between groups

Outcome	 Exp (n=5) 		  Con (n=5)		  Week 2 minus Week 0	 Week 2 minus Week 0
							       Exp minus Con
	 Week 0	 Week 2	 Week 0	 Week 2	 Exp	 Con	
	
SLSRT	 13.1 (11.3)	 16.56 (12.8)	 7.88 (5.2)	 9.9 (8.8)	 3.46 (6.22)	 2.02 (5.21)	 1.44	 (- 6.93, 9.81)

SLSLT	 13.42 (11.1)	 19.62 (12.7)	 9.54 (6.3)	 11.12 (5.6)	 6.2 (7.33)	 1.58 (2.62)	 4.62	 (-3.41, 12.65)

TUG	 9.82 (2.9)	 8.4 (1.9)	 10.66 (1.7)	 9.32 (1.4)	 -1.42 (1.36)	 -1.34 (1.39) 	 -0.08	 (-2.09, 1.93)

NO	 24.7 (5.1)	 26.9 (7.3)	 24.89 (8.5)	 26.6 (7.6)	 2.26 (6.71)	 1.38 (2.98)	 0.88	 (-6.69, 8.45)  

NC	 27.16 (3.1)	 29.3 (5.5)	 27.89 (8.1)	 28.28 (8.9)	 2.19 (2.4)	 0.39 (2.35)	 1.8	 (-1.66, 5.26)

PO	 28 (5.1)	 29.6 (4.9)	 27.22 (7.9)	 26.34 (8.5)	 1.64 (1.15)	 -0.88 (3.69)	 2.52	 (-1.47, 6.51)

PC	 44.27 (17.1)	 38.1 (11.6)	 35.71 (9.7)	 36.15 (11.2)	 -6.19 (13.47)	 0.44 (4.31)	 -6.63	 (-21.22, 7.96)

WOMAC	 29.0 (11.1)	 19.8 (8.4)	 34.0 (14.5)	 24.6 (8.9)	 -9.2 (4.44)	 -9.4 (7.64)	 0.2	 (-8.91, 9.31)

2MWT	 129.4 (24.9)	 135.64 (24.2)	 107.2 (16.31)	 114.96 (13.9)	 6.24 (3.51)	 7.76 (4.57)	 -1.52	 (-7.46, 4.42)

Exp= Experimental group, Con= Control group, SLSRT= Single Limb Stance time on Right Leg, SLSLT= Single Limb Stance Time on Left Leg, TUG= Timed Up and Go test, WOMAC= 
Western Ontario and McMaster Universities Osteoarthritis Index, 2MWT= Two-Minute Walk test, NO=Eyes Open Stability and Weight Distribution, NC= Eyes Closed Stability 
and Weight Distribution, PO= Eyes Open, on Pillow Stability and Weight Distribution, PC=  Eyes Closed, on Pillow Stability and Weight Distribution.
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DISCUSSION

The substantial results with virtual reality-based rehabilitation as seen in our study can be attributed to 
the continuous visual and auditory feedback provided throughout the session in the form of ‘knowledge 
of performance’ and ‘knowledge of result’. This form of feedback complements the motor learning that 
occurs during the exercise session; this effect has been acknowledged in the existing reviews on the use 
of virtual reality training in patients with multiple sclerosis and stroke27,28.

Our results revealed comparable improvements in the outcome measures for both groups; howev-
er, the effect on static balance was more evident in the experimental group than in the control group. 
While the results were not statistically significant, the participants who received the Nintendo Wii bal-
ance exercises showed increased SLST, along with notable improvements in static posturography. It is 
important to note that the experimental group performed all balance exercises while standing on the 
Nintendo balance board; this may have led to ‘specificity in training’ regarding the posture assumed 
during the balance exercises. In comparison, the control group intervention had no such consistency in 
the base of support used; some tasks in the control group balance exercises required widening the base 
of support. 

The secondary outcome for measuring static balance control – the stability and weight distribution 
indices – revealed higher values after the intervention in the experimental group for the stable surface 
(both eyes open and eyes closed), and with eyes open on an unstable platform. Closing the eyes ob-
scures the visual input necessary for balance control, while standing on a foam pillow challenges the 
somatosensory system for balance control, and a combination of both considerably enhances task com-
plexity. Nintendo Wii balance exercises were successful in facilitating balance control during tasks that 
challenged the proprioceptive input; however, complex tasks, such as standing on an unstable surface 
with eyes closed, require more specific training, and since our exercises required the participant to fo-
cus on the visual stimulus from games, this training was not specific for balance control with eyes closed.

Nevertheless, our results concur with the findings of a recent systematic review of virtual reality 
interventions which reported changes in the static CoP (Centre of Pressure) following balance gaming 
exercises in musculoskeletal conditions11. Likewise, a study using Nintendo Wii gaming exercises in cere-
bral palsy patients also demonstrated improved static balance on static posturography in the eyes open 
position and not with eyes closed. This further corroborates our findings that while stimulating the pro-
prioceptive mechanism, virtual reality game-based training greatly relies on visual input29. Additionally, 
Bragonzoni et al30 in their review pointed out that statistically significant balance changes may not be 
evident within one year after TKA; this explains the lack of statistical significance in our results for static 
balance. A recent experimental study reported comparable changes in the static balance in TKA patients 
receiving conventional training or virtual reality gaming exercises; it is noteworthy that this intervention 
was conducted in the immediate postoperative period13.

Our results are consistent with most of the findings in another study31 where TKA patients were giv-
en balance training using a dynamometric platform. They also obtained improvement in the eyes-open 
position and not in the eyes-closed position on the Romberg test; the scores on the Berg balance and 
functional reach tests also improved, but TUG scores were similar for both groups. Notably, they had 
initiated balance exercises in the early phase of rehabilitation, and the control group did not receive any 
balance training besides the general exercises. Gauchard et al32 delineated the mechanisms for balance 
control in the first few weeks after TKA; while the dynamic balance improved earlier than the static bal-
ance in their study, the mode of balance treatment used for the intervention was not detailed. Elucidat-
ing these mechanisms before and after a focused balance or virtual reality-based balance intervention 
will be worthwhile in understanding the effect of the phase of postoperative rehabilitation on the static 
and dynamic balance after TKA. A similar recommendation was made in a review11 of virtual reality in-
terventions about the effect of the timing of intervention in musculoskeletal rehabilitation.

In our study, dynamic balance, as measured using the TUG test, showed no differences between the 
control and experimental group. This is possibly due to the specificity of Nintendo Wii balance games for 
training on a stable balance board. A review of studies33 that used Nintendo Wii games in the elderly re-
ported that improvement in the TUG test was obtained with more exercise sessions. This indicates that 
we could have achieved improvements in dynamic balance as well, had we extended the number of ses-
sions. In a systematic review34 regarding the use of virtual reality for older adults, it was discussed that 
virtual reality-based balance training offers a static mode of exercising rather than the dynamic mode 
offered in conventional balance training regimes; authors also concluded that virtual reality-based bal-
ance training allowed better improvement in static balance than that in dynamic balance and gait speed 
in the elderly.
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Lastly, the WOMAC score improved equally in both groups, indicating the equivalence of both modes 
of balance training to reduce disability in patients undergoing TKA. The gait speed in the 2-MWT was 
slightly better in the experimental group than in the control group. The gaming tasks involved multiple 
joint movements and weight shifting in various directions, which influence postural balance and gait 
speed by acting on the proprioceptors30. However, proprioception was not checked directly in our study 
which could validate this mechanism.

Limitations

The study had several limitations. The small sample size and the absence of follow-up due to time and 
logistic constraints limit the power of our results. Also, there was a lack of assessor blinding, i.e., the 
same physiotherapists performed the interventions as well as outcome measurement. Most patients 
had PCL-stabilized prosthetic designs, and only a few had PCL-retaining. However, this difference was un-
likely to affect the interventions or outcomes since recent evidence35 has suggested that the prosthetic 
design does not influence proprioception after TKA. As compared to the control group, all participants 
in the experimental group did not have bilateral TKA (few had unilateral surgery). We could not desist 
from this, since only a limited number of subjects agreed to participate in the study. Also, there is ev-
idence36 that the prosthetic and contralateral sides demonstrate comparable performances on SLST. 

Another study37 described that weight transfer to each leg during a sit-to-stand task was symmetrical 
in patients with unilateral TKA, while asymmetry between the dominant and non-dominant legs might 
persist even after bilateral TKA.

We acknowledge that, while our protocol resulted in significant gains in static balance and gait 
speed, there is no consensus on the treatment parameters and best timing for balance and gait re-
habilitation34,38,39. Our results provide preliminary evidence of the benefits of virtual reality-based in-
tervention in improving balance after TKA, which were largely comparable to conventional training. A 
recent systematic review40 pointed out that while virtual reality-based rehabilitation was comparable to 
conventional training, it may be more cost-effective to improve patient adherence and accessibility to 
postoperative rehabilitation. Therefore, we recommend further research with larger samples, greater 
duration of balance training, and follow-up to standardize the protocols for such treatment modalities 
and to achieve the desired effects on both static and dynamic balance.

CONCLUSIONS

Nintendo Wii balance exercises can be used as an adjunct or alternative to conventional balance exercises 
after TKA to improve static balance, especially with eyes opened owing to the specificity of training. However, 
changes in the dynamic balance and function may be substantiated by using a greater number of sessions or 
increased duration of Nintendo Wii training. There is a need to study the influence of knee proprioception 
and the timing of such interventions for recovery of both static and dynamic balance after TKA.

Acknowledgments:
We are grateful to Dr. Chitra Kataria, Head of Rehabilitation Services, Indian Spinal Injuries Centre, New Delhi for her supervi-
sion and support throughout the study.

Funding:
The authors received no financial support for the research, authorship, and/or publication of this article.

Authors’ Contributions:
M.K. and M.M. conceptualized the study design and methodology. M.K. performed data collection; B.N. provided clinical 
support and resources. M.K. and M.M. analyzed and interpreted the result. The initial draft of the manuscript was prepared 
by M.K.; all authors then reviewed and finalized the manuscript.

ORCID ID:
Manjyot Kaur: 0000-0001-6936-2825
Meena Makhija: 0000-0002-3395-2214

Conflict of Interest:
The authors declare that they have no conflicting interests to disclose.



9	 NINTENDO WII VS. CONVENTIONAL BALANCE TRAINING AFTER TKA

Ethics Approval:
The study protocol was approved by the Institutional Ethics Committee, Indian Spinal Injuries Centre, New Delhi (ISIC/IIRS/
RP/2015/091). 

Informed Consent:
A written informed consent was obtained from all the participants before inclusion in the study.

Availability of Data and Materials:
The datasets related to the study can be obtained from the corresponding author upon reasonable request. 

REFERENCES
  1.	 Pachore J, Vaidya S, Thakkar C, Bhalodia H, Wakankar H. ISHKS joint registry: A preliminary report. Indian J Orthop 2013; 47: 

505. 
  2.	 Hassan BS, Mockett S, Doherty M. Static postural sway, proprioception, and maximal voluntary quadriceps contraction in 

patients with knee osteoarthritis and normal control subjects. Ann Rheum Dis 2001; 60: 612-618. 
  3.	 Moutzouri M, Gleeson N, Billis E, Tsepis E, Panoutsopoulou I, Gliatis J. The effect of total knee arthroplasty on patients' 

balance and incidence of falls: a systematic review. Knee Surg Sports Traumatol Arthrosc 2017; 25: 3439-3451. 
  4.	 Swanik CB, Lephart SM, Rubash HE. Proprioception, kinesthesia, and balance after total knee arthroplasty with cruciate-re-

taining and posterior stabilized prostheses. J Bone Joint Surg Am 2004; 86: 328-334. 
  5.	 Thewlis D, Hillier S, Hobbs SJ, Richards J. Preoperative asymmetry in load distribution during quiet stance persists following 

total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2014; 22: 609-614. 
  6.	 Mandeville D, Osternig LR, Chou LS. The effect of total knee replacement surgery on gait stability. Gait Posture 2008; 27: 

103-109. 
  7.	 Wodowski AJ, Swigler CW, Liu H, Nord KM, Toy PC, Mihalko WM. Proprioception and Knee Arthroplasty: A Literature Review. 

Orthop Clin North Am 2016; 47: 301-309. 
  8.	 Doma K, Grant A, Morris J. The Effects of Balance Training on Balance Performance and Functional Outcome Measures Fol-

lowing Total Knee Arthroplasty: A Systematic Review and Meta-Analysis. Sports Med 2018; 48: 2367-2385. 
  9.	 Staiano AE, Flynn R. Therapeutic Uses of Active Videogames: A Systematic Review. Games Health J 2014; 3: 351-365. 
 10.	 Goble DJ, Cone BL, Fling BW. Using the Wii Fit as a tool for balance assessment and neurorehabilitation: the first half decade 

of “Wii-search”. J Neuroeng Rehabil 2014; 11: 1-9. 
 11.	 Vogt S, Skjæret-Maroni N, Neuhaus D, Baumeister J. Virtual reality interventions for balance prevention and rehabilitation 

after musculoskeletal lower limb impairments in young up to middle-aged adults: A comprehensive review on used technol-
ogy, balance outcome measures and observed effects. Int J Med Inform 2019; 126: 46-58. 

 12.	 Blasco J, Igual-Camacho C, Blasco M, Antón-Antón V, Ortiz-Llueca L, Roig-Casasús S. The efficacy of virtual reality tools for 
total knee replacement rehabilitation: A systematic review. Physiother Theory Pract 2021; 37: 682-692. 

 13.	 Pournajaf S, Goffredo M, Pellicciari L, Piscitelli D, Criscuolo S, Le Pera D, Damiani C, Franceschini M. Effect of balance training 
using virtual reality-based serious games in individuals with total knee replacement: A randomized controlled trial. Ann Phys 
Rehabil Med 2022; 65: 101609. 

 14.	 Piva SR, Gil AB, Almeida GJ, DiGioia AM 3rd, Levison TJ, Fitzgerald GK. A balance exercise program appears to improve function 
for patients with total knee arthroplasty: a randomized clinical trial. Phys Ther 2010; 90: 880-894. 

 15.	 Wada M, Kawahara H, Shimada S, Miyazaki T, Baba H. Joint proprioception before and after total knee arthroplasty. Clin 
Orthop Relat Res 2002; 403: 161-167.  

 16.	 Liao CD, Liou TH, Huang YY, Huang YC. Effects of balance training on functional outcome after total knee replacement in 
patients with knee osteoarthritis: a randomized controlled trial. Clin Rehabil 2013; 27: 697-709.  

 17.	 Fung V, Ho A, Shaffer J, Chung E, Gomez M. Use of Nintendo Wii Fit™ in the rehabilitation of outpatients following total knee 
replacement: a preliminary randomised controlled trial. Physiotherapy 2012; 98: 183-188.  

 18.	 Moutzouri M, Gleeson N, Billis E, Panoutsopoulou I, Gliatis J. What is the effect of sensori-motor training on functional out-
come and balance performance of patients' undergoing TKR? A systematic review. Physiotherapy 2016; 102: 136-144. 

 19.	 Domínguez-Navarro F, Igual-Camacho C, Silvestre-Muñoz A, Roig-Casasús S, Blasco JM. Effects of balance and proprioceptive 
training on total hip and knee replacement rehabilitation: A systematic review and meta-analysis. Gait Posture 2018; 62: 
68-74. 

 20.	 Macrae PG, Lacourse M, Moldavon R. Physical performance measures that predict faller status in community-dwelling older 
adults. J Orthop Sports Phys Ther 1992; 16: 123-128.  

 21.	 Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc 
1991; 39: 142-148.  

 22.	 Yuksel E, Kalkan S, Cekmece S, Unver B, Karatosun V. Assessing Minimal Detectable Changes and Test-Retest Reliability of the 
Timed Up and Go Test and the 2-Minute Walk Test in Patients With Total Knee Arthroplasty. J Arthroplasty 2017; 32: 426-430.  

 23.	 Dehner C, Heym B, Maier D, Sander S, Arand M, Elbel M, Hartwig E, Kramer M. Postural control deficit in acute QTF grade II 
whiplash injuries. Gait Posture 2008; 28: 113-119.  

 24.	 Dowsey MM, Choong PF. The utility of outcome measures in total knee replacement surgery. Int J Rheumatol 2013; 2013: 
506518.

 25.	 Page P. Beyond statistical significance: clinical interpretation of rehabilitation research literature. Int J Sports Phys Ther 2014; 
9: 726-736.  

 26.	 Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P; CONSORT NPT Group. CONSORT Statement for Randomized Trials of 
Nonpharmacologic Treatments: A 2017 Update and a CONSORT Extension for Nonpharmacologic Trial Abstracts. Ann Intern 
Med 2017; 167: 40-47. 



10	 NINTENDO WII VS. CONVENTIONAL BALANCE TRAINING AFTER TKA

 27.	 Taylor MJ, Griffin M. The use of gaming technology for rehabilitation in people with multiple sclerosis. Mult Scler 2015; 21: 
355-371. 

 28.	 Darekar A, McFadyen BJ, Lamontagne A, Fung J. Efficacy of virtual reality-based intervention on balance and mobility disor-
ders post-stroke: a scoping review. J Neuroeng Rehabil 2015; 12: 46. 

 29.	  Gatica-Rojas V, Cartes-Velásquez R, Méndez-Rebolledo G, Guzman-Muñoz E, Lizama LEC. Effects of a Nintendo Wii exercise 
program on spasticity and static standing balance in spastic cerebral palsy. Dev Neurorehabil 2017; 20: 388-391.  

 30.	 Bragonzoni L, Rovini E, Barone G, Cavallo F, Zaffagnini S, Benedetti MG. How proprioception changes before and after total 
knee arthroplasty: A systematic review. Gait Posture 2019; 72: 1-11.  

 31.	 Roig-Casasús S, Blasco JM, López-Bueno L, Blasco-Igual MC. Balance Training With a Dynamometric Platform Following Total 
Knee Replacement: A Randomized Controlled Trial. J Geriatr Phys Ther 2018; 41: 204-209. 

 32.	 Gauchard GC, Vançon G, Meyer P, Mainard D, Perrin PP. On the role of knee joint in balance control and postural strategies: 
effects of total knee replacement in elderly subjects with knee osteoarthritis. Gait Posture 2010; 32: 155-160.  

 33.	 Chao YY, Scherer YK, Montgomery CA. Effects of using Nintendo Wii™ exergames in older adults: a review of the literature. 
J Aging Health 2015; 27: 379-402. 

 34.	 de Amorim JSC, Leite RC, Brizola R, Yonamine CY. Virtual reality therapy for rehabilitation of balance in the elderly: a system-
atic review and META-analysis. Adv Rheumatol 2018; 58: 18.  

 35.	  di Laura Frattura G, Zaffagnini S, Filardo G, Romandini I, Fusco A, Candrian C. Total Knee Arthroplasty in Patients With Knee 
Osteoarthritis: Effects on Proprioception. A Systematic Review and Best Evidence Synthesis. J Arthroplasty 2019; 34: 2815-
2822. 

 36.	 Stensdotter AK, Bjerke J, Djupsjöbacka M. Postural sway in single-limb and bilateral quiet standing after unilateral total knee 
arthroplasty. Gait Posture 2015; 41: 769-773. 

 37.	 Bakırhan S, Angın S, Karatosun V, Ünver B, Günal I. Physical performance parameters during standing up in patients with 
unilateral and bilateral total knee arthroplasty. Acta Orthop Traumatol Turc 2012; 46: 367-372. 

 38.	 Pohl T, Brauner T, Wearing S, Stamer K, Horstmann T. Effects of sensorimotor training volume on recovery of sensorimotor 
function in patients following lower limb arthroplasty. BMC Musculoskelet Disord 2015; 16: 1-9. 

 39.	 Hadamus A, Błażkiewicz M, Wydra KT, Kowalska AJ, Łukowicz M, Białoszewski D, Marczyński W. Effectiveness of Early Reha-
bilitation with Exergaming in Virtual Reality on Gait in Patients after Total Knee Replacement. J Clin Med 2022; 11: 4950. 

 40.	 Gazendam A, Zhu M, Chang Y, Phillips S, Bhandari M. Virtual reality rehabilitation following total knee arthroplasty: a system-
atic review and meta-analysis of randomized controlled trials. Knee Surg Sports Traumatol Arthrosc 2022; 30: 2548-2555. 


