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Abstract

In Parkinson’s disease, conventional rehabilitation has long been a cornerstone of symptom management;
however, in recent years, an increasing number of studies have reported the effectiveness of virtual reality
(VR)-based rehabilitation. Although a variety of VR modalities have been explored, there have been no prior
reports specifically investigating rehabilitation using table tennis-based VR software. We report a case series
evaluating VR table tennis as rehabilitation in 4 patients with Parkinson’s disease (Hoehn-Yahr stages II-I1I).
Participants completed 16 sessions of VR training. Motor and non-motor symptoms, quality of life (QOL),
and usability were assessed using the MDS-UPDRS, PDQ-39, and System Usability Scale. Improvements
exceeding the minimal clinically important difference were observed in motor function and QOL. All
participants completed the program without encountering any adverse events. Our findings suggest that VR
table tennis is a safe and feasible rehabilitation method for patients with Parkinson’s disease.

Categories: Neurology, Sports Medicine, Geriatrics
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Introduction

Continuous physical activity is important for people with Parkinson's disease (PwPD) as it assists them in
maintaining physical and mental functions and quality of life (QOL) [1-3]. For PwPD, conventional
rehabilitation has long been a cornerstone of symptom management; however, in recent years, an
increasing number of studies have reported the effectiveness of virtual reality (VR) based rehabilitation [4].
Although a variety of VR modalities have been explored, there have been no prior reports specifically
investigating rehabilitation using table tennis-based VR software. This study aimed to evaluate the clinical
effects and feasibility of rehabilitation using a VR table tennis program for PwPD.

Case Presentation

We consecutively recruited participants until 4 PwPD (Hoehn-Yahr (HY) stages >II and <IV during the ’On’
stage) had been enrolled (P01, P02, P03, P04). Participation criteria included a clinical diagnosis of
Parkinson’s disease made by a movement disorder specialist (SF), age >20 years. Participants were prohibited
from using any other VR devices during the study period. They were functionally independent and had
reported no falls in the past 12 months, and none had undergone deep-brain stimulation. Patients with
severe visual impairment, vestibular disorders, epilepsy, marked susceptibility to motion sickness, severe
freezing of gait, or severe dyskinesia were excluded because of safety and feasibility concerns related to VR-
based rehabilitation. Demographic characteristics of the participants are shown in Table 1.
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P01

P02

P03

P04

Gender giears)
[ 78
M 68
M 74
F 75

Handedness ) :;ge MoCA Medications

Right 6 3 23 Rasagiline, Levodopa/carbidopa, Opicapone

Right 7 2 28 Levodopa/carbidopa, Istradefylline, Safinamide

Right 12 3 23 Levodopa/carbidopa, Zonisamide, Rotigotine, Symmetrel
Right 5 35 25 Levodopa/carbidopa, Ropinirole patch, Istradefylline,

Safinamide

TABLE 1: Patients’ demographic characteristics

DD=disease duration; HY= Hoehn & Yahr; MoCA=Montreal Cognitive Assessment

This protocol combined VR table tennis rehabilitation with occupational therapy and speech therapy for the
target patients. The VR model used was "Oculus Quest 2" along with "Eleven Table Tennis" software
provided by Meta Platforms, Inc. Participants used a practice mode in which they rallied with a game
opponent on a virtual table tennis table, and a match mode in which they played against an opponent. First,
the patient performed a 5-minute preparatory exercise session [neck stretch, upper limb stretches, lower
limb stretches, lateral step, and swinging (fore-back-switch)], followed by 15 minutes in practice mode.
Then, after a 5-minute break, the participants played in match mode for 15 minutes. During training in
match mode, breaks were taken at the patient's request or at the discretion of the assisting medical
personnel. Patients at risk of falling due to balance problems could play the game in a seated position. Forty-
minutes of occupational therapy and 40-minutes of speech therapy were given after the VR training. If the
patient could not continue for more than 25 minutes due to fatigue or being off medication during a session,
we excluded the session from statistical analyses.

The difficulty level of the VR task was adjusted across sessions based on the participant’s performance to
maintain task engagement and safety, following the built-in adaptive settings of the VR system. All
participants played against standardized virtual opponents provided by the VR application, ensuring
consistent task conditions across sessions. Participants performed the VR task using their dominant hand,
and hand dominance was recorded for all individuals. Exercise intensity and caloric expenditure were not
objectively monitored during VR sessions, which represents a limitation of the present study.

All four participants were tested with the following outcome measures before and after the 16 exercise
sessions during an “on medication” state. Baseline measures were age, sex, height, weight, education,
duration of illness, modified HY stage, ratio of non-fallers/fallers in the past six months, Montreal Cognitive
Assessment (MoCA) score [5], Movement Disorders Society Unified Parkinson's Disease Rating Scale (MDS-
UPDRS) [6], and levodopa equivalent daily dose. The PDQ-39 was used to assess patients' QOL [7]. The
primary outcome measure was the MDS-UPDRS part III score, which indicated motor symptoms. Secondary
outcomes included MDS-UPDRS part I, part II, and part IV, which indicated the ability of non-motor
symptoms, ADL, and motor complications, respectively. PDQ-39 summary index was also used for the
secondary outcome. All participants were assessed during the on-medication phase at 2 intervals: 1-week
before exercise, and after 8-weeks of exercise. A further endpoint was 8-week class attendance. After the
study period, we evaluated the usability of, and satisfaction with, VR table tennis using the System Usability
Scale (SUS), which was created as a satisfaction evaluation index. For the assessment of feasibility, we
checked the rate of attendance and adverse events.

To confirm the validity of the assessment scales used for physical therapy, we used minimal clinically
important difference (MCID), based on the consensus-based standards for the selection of health
measurement instruments, an international standard for scale development. Because the current study
included a small number of participants, we followed the above-mentioned recommendation and used the
MCID to evaluate each outcome. The results of MDS-UPDRS part I, part II, part III, part IV, and PDQ-39
were evaluated according to the MCID to assess whether the exercise therapy had a meaningful effect [8-11].
Outcome assessments were not conducted in a blinded manner, which may have introduced measurement
bias. Ethical approval was obtained from the institutional review board (IRB #2022-4), and written informed
consent was received from all participants.

Results of the outcome measures before and after all sessions are shown in Table 2 and Figure 1. All
participants were receiving physical therapy, occupational therapy, and speech therapy as part of standard
care at baseline, and the physical therapy was discontinued; occupational and speech therapies were
continued without modification throughout the study period. All participants completed 16 sessions as
scheduled. Improvements on MDS-UPDRS part I, part II, and part III scores based on MCID were seen in 2
(P03, P04), 1 (P0O1), and 2 (P02, P04) participants, respectively. Two participants (P02, P04) showed
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improvement on the PDQ-39 summary index based on MCID, and both patients (P02, P04) also showed
improvements in the PDQ-39 subitems of mobility, emotional well-being, communication, and bodily
discomfort. Regarding post-event SUS, only one of the participants scored >70, which is generally considered
acceptable by users for the system/product. SUS scores varied widely among participants (42.5, 52.5, 60, and
70), indicating heterogeneous perceptions of system usability. No participants reported adverse events such
as falls, pain, or VR sickness.
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P01 P02 P03 P04
MDS-UPDRS total score Pre 49 41 78 73
Post 41 23 65 54
MDS-UPDRS part | Pre 7 8 21 13
Post 6 6 11 7
MDS-UPDRS part Il Pre 14 13 20 13
Post 6 10 17 16
MDS-UPDRS part IlI Pre 28 17 37 44
Post 29 7 37 28
MDS-UPDRS part IV Pre 0 3 0 3
Post 0 0 0 3
PDQ-39 total score Pre 12.2 22.4 39.7 50.0
Post 10.3 12.8 38.5 42.9
Mobility Pre 12.5 225 27.5 90.0
Post 12.5 125 20.0 82.5
Activities of daily living Pre 8.3 16.7 58.3 62.5
Post 0.0 16.7 54.2 75.0
Emotional well-being Pre 8.3 25.0 375 25.0
Post 4.2 16.7 45.8 0.0
Stigma Pre 0.0 31.3 31.3 0.0
Post 6.3 6.3 37.5 0.0
Social support Pre 16.7 0.0 0.0 0.0
Post 0.0 0.0 0.0 16.7
Cognition Pre 25.0 18.8 68.8 68.8
Post 37.5 1255 56.3 68.8
Communication Pre 0.0 33.3 50.0 41.7
Post 0.0 16.7 25.0 16.7
Body discomfort Pre 33.3 33.3 50.0 41.7
Post 250 16.7 83.3 8.3
SuUS Post only 60.0 42.5 70.0 52.5

TABLE 2: Outcome measures for all 4 participants before and after the 8 exercise sessions

Movement Disorders Society Unified Parkinson's Disease Rating Scale = MDS-UPDRS; Parkinson’s disease questionnaire-39 = PDQ-39; System
Usability Scale = SUS. Units and score directions are indicated where applicable. For PDQ-39 subscales, only changes exceeding established MCID
thresholds should be considered potentially clinically meaningful; numerical fluctuations below MCID may reflect measurement variability rather than true
clinical change. MCID thresholds used in this study were as follows: MDS-UPDRS part I, 1.8 points; part Il, 3.05 points; part I, 3.25 points; part IV, 0.9
points; and PDQ-39, 4.7 points, based on published anchor-based or distribution-based definitions. Individual change scores should be interpreted relative
to these thresholds.
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FIGURE 1: Change in MDS-UPDRS total (la), part | (Ib), part Il (Ic), part lll
(Id), part IV (le) scores, and PDQ39 total score (If) from baseline to the
end of the study.

Blue, orange, gray, and yellow lines indicate Patient 1, 2, 3, and 4, respectively. MCID thresholds used in this
study were as follows: MDS-UPDRS part |, 1.8 points; part Il, 3.05 points; part Ill, 3.25 points; part IV, 0.9 points;
and PDQ-39, 4.7 points, based on published anchor-based or distribution-based definitions. Individual change
scores should be interpreted relative to these thresholds.

Discussion

This case series suggests that a VR-based table tennis program may be safe and feasible for some individuals
with Parkinson’s disease, with potential clinical benefits observed in selected participants. All participants
successfully completed the scheduled sessions without adverse events, indicating that this modality can be
integrated into routine rehabilitation with minimal safety concerns. All VR sessions were conducted under
the direct supervision of a therapist. Participants performed the VR task in a controlled environment with
adequate space, and fall-risk precautions were implemented, including therapist standby and immediate
assistance when needed. Participants were monitored for symptoms such as dizziness, nausea, or discomfort
during and after VR sessions through clinical observation and patient self-report; however, no formal
standardized cybersickness questionnaire was administered. The absence of formal screening tools for
cybersickness or dizziness represents a limitation and should be addressed in future studies using
standardized safety assessments.
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Compared with previous VR-based rehabilitation studies in PwPD, which have primarily employed balance
training, gait training, or task-oriented activities [10,11], our program introduces a novel form of sport-
simulation-based VR training. Table tennis inherently requires rapid visuomotor integration, anticipatory
postural adjustments, and upper-limb coordination, all of which are domains frequently impaired in PwPD.
Thus, VR table tennis may leverage disease-relevant motor circuits more directly than conventional VR
exercises.

Given the completion rate and absence of adverse events, our VR table tennis program demonstrated its
efficacy as a safe and feasible rehabilitation method for PWPD. During interviews after the study, the
participants noted that this program encouraged participation, which could potentially improve continuity
of rehabilitation for PwPD. In addition, VR rehabilitation can be a useful method in environments where
isolation is necessary due to specific reasons, such as the spread of infections, although this program was

not conducted in isolated circumstances [12]. Our VR table tennis program may also be able to improve mood
disorders in addition to improving motor function, which would then have a positive effect on the ability to
continue with an exercise in PwPD. This suggests positive effects in both the short term and long term for
PwPD.

An important finding of this study is that clinically meaningful improvements were observed in motor and
QOL measures for some participants, as determined using MCID thresholds. Although the small sample size
precludes firm conclusions regarding efficacy, these preliminary results are consistent with prior reports
demonstrating that VR-based rehabilitation can enhance motor function, balance, emotional well-being,
and activities of daily living in PwPD [10,11]. The observed benefits may be mediated through several
mechanisms: (1) increased exercise intensity facilitated by immersive environments; (2) enhanced
motivation and engagement due to gamification elements; and (3) repeated sensorimotor practice fostering
neuroplastic changes. Sport-simulation VR, such as table tennis, may further enhance anticipatory
movement strategies and visuomotor processing, aspects that are less emphasized in standard rehabilitation
protocols. However, it is noted that changes in motor and QOL measures varied across participants,
indicating heterogeneous individual responses. Taken together, the primary outcome did not demonstrate a
consistent signal across participants. The observed improvements were driven by a subset of individuals
rather than reflecting a uniform response to the intervention.

In addition to motor function, some participants showed improvements in emotional well-being and
communication domains of the PDQ-39. VR interventions have been proposed to promote psychological
benefits by providing enjoyable and self-directed activities, reducing exercise-related anxiety, and offering a
sense of achievement [4]. These effects may contribute to improved adherence, a critical factor in
maintaining long-term physical activity in PwPD, who often face barriers such as apathy, depression, or
motor fluctuations.

SUS scores varied widely among participants (42.5, 52.5, 60, and 70), indicating heterogeneous perceptions
of system usability. Interestingly, the participant who achieved a SUS score above 70 did not have the
highest cognitive score or the mildest disease stage. This finding suggests that VR usability may not be
solely determined by age, disease severity, or global cognitive function, but may also reflect individual
adaptability and prior experience coping with motor limitations.

The limitations of this pilot study include the small number of participants and its being a single-group
study. Other limitations include that the safety of this program in a home setting has yet to be determined,
and that the effects of our program could also be influenced by occupational and speech therapies. MDS-
UPDRS assessments were conducted by clinicians involved in routine patient care, and blinding was not
feasible. Therefore, the possibility of measurement bias due to non-blinded scoring cannot be excluded and
should be considered when interpreting the results. The observed improvements should be interpreted as the
effect of substituting conventional physical therapy with VR-based rehabilitation in the context of ongoing
occupational and speech therapy, rather than as an isolated effect of VR table tennis alone. Because
occupational and speech therapies were maintained throughout the study period, their contributory effects
cannot be entirely excluded; however, their stable implementation before and during the intervention
period makes it less likely that the observed changes were driven by these therapies alone. Another
limitation was that MCID values were used to indicate clinical meaningfulness of observed changes and
were not intended as measures of validity or confirmatory endpoints. We also acknowledge the following
limitation: the absence of objective monitoring of exercise intensity and energy expenditure limited the
precise characterization of the training dose. The last limitation is that all participants needed time to
become familiar with the VR equipment.

Conclusions

VR-based table tennis appears to be a safe and feasible rehabilitation exercise for selected individuals with
Parkinson’s disease. Given the importance of ongoing physical activity in this population, this approach may
represent a potential option to support engagement in exercise across different settings; however, its effects
on motor function and quality of life require confirmation in larger, controlled studies.

2026 Fujioka et al. Cureus 18(5): €109454. DOI 10.7759/cureus.109454 60of 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Shinsuke Fujioka, Koichi Nagaki, Kosuke Kitano, Yoshio Tsuboi, Hitoshi Kikuchi

Acquisition, analysis, or interpretation of data: Shinsuke Fujioka, Koichi Nagaki, Yoshiki Yamaguchi,
Kazuki Kimura, Junichi Takami

Drafting of the manuscript: Shinsuke Fujioka

Critical review of the manuscript for important intellectual content: Koichi Nagaki, Yoshiki
Yamaguchi, Kosuke Kitano, Yoshio Tsuboi, Hitoshi Kikuchi, Kazuki Kimura, Junichi Takami

Supervision: Kosuke Kitano, Yoshio Tsuboi, Hitoshi Kikuchi

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Review Board of Murakami Karindoh Hospital issued approval IRB #
2022-4. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare
the following: Payment/services info: All authors have declared that no financial support was received
from any organization for the submitted work. Financial relationships: All authors have declared that they
have no financial relationships at present or within the previous three years with any organizations that
might have an interest in the submitted work. Other relationships: All authors have declared that there are
no other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

The authors wish to express their profound gratitude to the patients for their willingness to participate in
this study. This work was supported by a grant from the Daiwa Securities Foundation.

References

1. Lorenzo-Garcia P, Nunez de Arenas-Arroyo S, Cavero-Redondo I, Guzman-Pavon MJ, Priego-Jiménez S,
Alvarez-Bueno C: Physical exercise interventions on quality of life in Parkinson Disease: A network meta-
analysis. ] Neurol Phys Ther. 2023, 47:64-74. 10.1097/NPT.00000000000004 14

2. Rafferty MR, Schmidt PN, Luo ST, et al.: Regular exercise, quality of life, and mobility in Parkinson’s
disease: A longitudinal analysis of National Parkinson Foundation quality improvement initiative data. |
Parkinsons Dis. 2017, 7:193-202. 10.3233/]PD-160912

3. Mc Ardle R, Del Din S, Morris R, et al.: Factors influencing habitual physical activity in Parkinson’s disease:
Considering the psychosocial state and wellbeing of people with Parkinson’s and their carers. Sensors
(Basel). 2022, 22:871. 10.3390/s22030871

4. Pennington E, Bell S, Hill JE: Should video laryngoscopy or direct laryngoscopy be used for adults
undergoing endotracheal intubation in the pre-hospital setting? A critical appraisal of a systematic review. |
Paramed Pract. 2023, 15:255-9. 10.1002/14651858

5. Nasreddine ZS, Phillips NA, Bédirian V, et al.: The Montreal Cognitive Assessment, MOCA: A brief screening
tool for mild cognitive impairment. ] Am Geriatr Soc. 2005, 53:695-699. 10.1111/j.1532-5415.2005.53221.x

6. Goetz CG, Tilley BC, Shaftman SR, et al.: Movement Disorder Society-sponsored revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale presentation and clinimetric testing results. Mov
Disord. 2008, 23:2129-2170. 10.1002/mds.21198

7. PetoV,Jenkinson C, Fitzpatrick R, Greenhall R: The development and validation of a short measure of
functioning and well being for individuals with Parkinson’s disease. Qual Life Res. 1995, 4:241-248.
10.1007/BF02260863

8. Horvath K, Aschermann Z, Kovacs M, et al.: Minimal clinically important differences for the experiences of
daily living parts of movement disorder society-sponsored unified Parkinson's disease rating scale. Mov
Disord. 2017, 32:789-93. 10.1002/mds.26960

9. Horvath K, Aschermann Z, Acs P, et al.: Minimal clinically important difference on the motor examination
part of MDS-UPDRS. Parkinsonism Relat Disord. 2015, 21:1421-6. 10.1016/j.parkreldis.2015.10.006

10. Triegaardt ], Han TS, Sada C, Sharma S, Sharma P: The role of virtual reality on outcomes in rehabilitation
of Parkinson's disease: Meta-analysis and systematic review in 1031 participants. Neurol Sci. 2020, 41:529-
36.10.1007/s10072-019-04144-3

11. LiR,ZhangV, Jiang Y, Wang M, Ang WH, Lau Y: Rehabilitation training based on virtual reality for patients
with Parkinson's disease in improving balance, quality of life, activities of daily living, and depressive
symptoms: A systematic review and meta-regression analysis. Clin Rehabil. 2021, 35:1089-102.
10.1177/0269215521995179

12.  Kwon SH, Park JK, Koh YH: A systematic review and meta-analysis on the effect of virtual reality-based
rehabilitation for people with Parkinson's disease. ] Neuroeng Rehabil. 2023, 20:94. 10.1186/s12984-023-
01219-3

2026 Fujioka et al. Cureus 18(5): €109454. DOI 10.7759/cureus.109454 7of7


https://dx.doi.org/10.1097/NPT.0000000000000414
https://dx.doi.org/10.1097/NPT.0000000000000414
https://dx.doi.org/10.3233/JPD-160912
https://dx.doi.org/10.3233/JPD-160912
https://dx.doi.org/10.3390/s22030871
https://dx.doi.org/10.3390/s22030871
https://dx.doi.org/10.1002/14651858
https://dx.doi.org/10.1002/14651858
https://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
https://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
https://dx.doi.org/10.1002/mds.21198
https://dx.doi.org/10.1002/mds.21198
https://dx.doi.org/10.1007/BF02260863
https://dx.doi.org/10.1007/BF02260863
https://dx.doi.org/10.1002/mds.26960
https://dx.doi.org/10.1002/mds.26960
https://dx.doi.org/10.1016/j.parkreldis.2015.10.006
https://dx.doi.org/10.1016/j.parkreldis.2015.10.006
https://dx.doi.org/10.1007/s10072-019-04144-3
https://dx.doi.org/10.1007/s10072-019-04144-3
https://dx.doi.org/10.1177/0269215521995179
https://dx.doi.org/10.1177/0269215521995179
https://dx.doi.org/10.1186/s12984-023-01219-3
https://dx.doi.org/10.1186/s12984-023-01219-3

	Clinical Effects and Feasibility of Virtual Reality Table Tennis in People With Parkinson’s Disease in a Supervised Outpatient Setting: A Case Series
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Patients’ demographic characteristics
	TABLE 2: Outcome measures for all 4 participants before and after the 8 exercise sessions
	FIGURE 1: Change in MDS-UPDRS total (Ia), part I (Ib), part II (Ic), part III (Id), part IV (Ie) scores, and PDQ39 total score (If) from baseline to the end of the study.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


