

	[bookmark: _Hlk190333240]Additional File 2: Characteristics of the included studies  

	Study/
Country/ Study Design
	Population (sample size: intervention/control)
	Interventions

	Outcome Measures
	Findings

	1.Nilsagård et al., 2012 (Sweden)
Multi-
Centre RCT (2 groups)

	Sample size: 80
VRG: 42, CG: 42
Number of dropouts:
VRG:1, CG:3
Sex(F/M):
VRG:32/10, CG:32/10
Type of MS:
VRG: 26 RR, 13 SP, 3 PP, CG: 28 RR, 13 SP, 1 PP
Age, mean years (SD):
VRG: 50.0 (11.5), CG: 49.4 (11.1)
Years since MS diagnosis, mean years (SD):
VRG: 12.5 (8.0), CG: 12.2 (9.2)
	VRG: Individual PT-supervised sessions of balance exercises using Nintendo Wii Fit Plus®.
 
CG: No intervention.

Dose: 12 sessions (30 minutes,2x/week for 6 to 7weeks.

Level of immersion: Non-IVRE.




	TUG, TUG cognitive, FSST, 25FWT, DGI, MSWS12, ABC scale, TCS Test.

Assessment point: baseline, post- intervention.
	No statistically significant differences between groups after the intervention period in any outcome. TUG, TCS test, 12-MSWS = statistically significant effects in the VRG.
 

	2. Prosperini et al., 2013
 (Italy)
 RCT
Home-based setting
Cross-over (2 groups)

	Sample size: 36
VRG: 18, CG: 18
Number of dropouts:
VRG:1, CG:1
Sex(F/M):
VRG:13/5, CG:12/6
Type of MS:
VRG and CG: RR, SP
Age, mean years (SD):
VRG: 35.5 (8.6)
Years since MS diagnosis, mean years (SD):
VRG: 12.2 (6.0), CG: 9.3 (5.3)
EDSS median (range)
VRG:3.0 (range 1.5-5.0), CG: 3.5 (range 1.5-5.0)
	VRG: home-based WBBS training Nintendo Wii Fit plus™ Training protocol consisted of repetitions of several games selected from the “Wii Fit Plus” package(http://www.wiifit.com/training/balance-games.html), followed by 12 weeks without intervention (observation period)
 
CG:  Received the treatment in reverse order to VRG.
Does: 4 sessions/week, 30 minutes
 24 weeks.

Level of immersion: Non-iVRE. 
	COP path, SST, 25-FWT, MSIS-29, and self-reported logbook assignment.

Assessment points: baseline, after 12 weeks of the active period, and post-intervention observation (24 weeks).
	Significant between-group differences over time favours VRG CoP displacements (P = 0.016), FSST (P = 0.034), ,25-FWT (P = 0.048),
 MSIS-29 (P = 0.023).
Adverse events reported ranging from mild to moderate in only 5 participants 

	3. Prosperini et al., 2014
(Italy)
 RCT over (2 groups)



















	Sample size: 36
VRG: 18, CG: 18
Number of dropouts:
VRG:3, CG:2
Sex(F/M):
VRG:18/12, CG:9/6
Type of MS:
VRG: 27 RR, 3 SP, CG: NA
Age, mean years (SD):
VRG: 35.6 (7.7), CG: 34.8 (5.6)
Years since MS diagnosis, mean years (SD):
VRG: 10.5 (5.2), CG: NA
	VRG: WBBS training followed by no intervention.

CG: No intervention followed by WBBS training.

Dose: (30 minutes, 5x/week for 12 weeks) 24 weeks total.
Level of immersion: Non-iVRE.
























	White matter integrity (FA, MD, AD, RD) of Cerebellar Peduncles, Static balance 
Postural sway with open eyes.
Assessment points: baseline, after 12 weeks of the active period, and post-intervention observation (24 weeks).



 


 

 

	Postural sway reduction significantly associated with improved white matter integrity in superior cerebellar peduncles (p < .037). VRG had significant improvements in white matter tract microarchitecture compared to those who did not receive the intervention.

	4.Brichetto et al., 2013 
 (Italy)
 RCT(2groups)
 
	Sample size:36
VRG: 18, CG: 18
Number of dropouts: 0
Sex(F/M):
VRG:10/8, CG:12/6   
Type of MS: NA
Age, mean years (SD):
VRG: 40.7 (11.5), CG: 43.2 (10.6)
EDSS mean (SD)
VRG:3.9 (1.6), CG: 4.3 (1.6)
Years since MS diagnosis, mean years (SD):
VRG: 11.2(6.4), CG: 12.3 (7.2)
	VRG: Supervised exercise sessions with Nintendo Wii Fit, Wii Balance Board, Sitting and standing position for 1 hr. 

CG: Standard balance training.

Dose: 12 sessions 3x/week, 60 minutes for 4 weeks.

Level of immersion: Non-iVRE.

	CoP displacements bipedal, Eyes open and closed postural assessment using stabilometry platform, BBS, MFIS.
Assessment point: Baseline, post-intervention.
	Significant between-group differences favour the VRG
 CoP displacements, eyes open and closed (P < 0.05), BBS (P < 0.05), MFIS (P < 0.05).

	5.Eftekharsadat et al., 2015
 (Iran)
RCT (2 groups)
	Sample size: 30
VRG: 15, CG: 15
Number of dropouts: 0
Sex (F/M):
VRG: 10/5, CG: 12/3
Age, mean years (SD):
VRG: 33.4 (8.1), CG: 37.0 (8.3)
Years since MS diagnosis, mean years (SD):
VRG: 5.8 (3.9), CG: 8.3 (4.3)
	VRG: All participants in the intervention group performed postural stability training using the Biodex Balance System.

CG: No intervention.
Dose: 24 sessions (2 sessions of 20 minutes per week for 12 weeks).

Level of immersion: Non-iVRE.
	TUG, MAS (knee, hip), Romberg test, BBS, OSI, FRI.

Assessment point: baseline, post-intervention (12 weeks).
	Significant improvements in TUG (p = 0.01), FRi (p = 0.002) and OSi (p = 0.04) for VRG, No significant differences between groups in BBS (p > 0.05).

	6. Robinson et al., 2015 
 (UK)
 RCT (3 groups)
	Sample size: 51
VRG: 20, Conventional group: 16, CG (no intervention): 15
Number of dropouts:
VRG: 0, Conventional group: 1, CG (no intervention): 4
Sex (F/M):
VRG: 14/6, Conventional group: 12/7, CG (no intervention): 12/5
Age, mean years (SD):
VRG: 52.6 (6.1)
Conventional group: 53.9 (6.5)
CG (no intervention): 51.9 (4.7)

	VRG: subject performed following Wii Fit™ exercises: Soccer Heading, Ski Slalom, Table Tilt,
Tightrope Walk, Rhythm Boxing, Basic Step and Hula Hoop.

CG 2: no intervention.

Dose: 8 sessions (2 sessions of 40 to 60 minutes per week for 4 weeks).

Level of immersion: Non-iVRE.



	postural sway (using force platform), gait (Spatiotemporal parameters of gait (using GAITRite computerised walkway), MSWS-12, WHODAS 2.0, UTAUT.
Assessment point: baseline, post-intervention (4 weeks).
	The VRG showed significant improvements over the CG group in AP CoP range (P = 0.04), ML CoP range (P = 0.04), CoP velocity (P = 0.01), and WHODAS (P < 0.001), while MSWS-12 was not significant. Group 2 also outperformed the CG group in AP CoP range (P = 0.04), ML CoP range (P = 0.01), MSWS-12 (P = 0.03), and WHODAS (P < 0.001), with no significant difference in CoP velocity.

	7.Hoang et al., 
 2015 
(Australia)
RCT (2 group)

	Sample size:60
VRG: 28, CG: 22
Number of dropouts:
VRG: 5, CG: 1
Sex (F/M):
VRG: 21/7, CG: 17/5
Type of MS:
VRG: 15 RR, 5 SP, 8 PP, CG: 11 RR, 7 SP, 2 PP, 2 unknowns
Age, mean years (SD):
VRG: 53.4 (10.7), CG: 51.4 (12.8)
Years since MS diagnosis, mean years (SD):
VRG: 11.6 (9.1), CG: 13.4 (6.9)
Disease severity, EDSS score, median (IQR):
VRG: 4.1 (1.4)
CG: 4.2 (1.2)
	VRG: a home-based step training programme. The exercises involved two interactive exergames. The first used Stepmania open-source software (www.stepmania.com) to develop a rhythm video game that required participants to step as accurately as possible, both in terms of direction and timing, while synchronising their step responses to stimuli presented on the television screen.

CG: no intervention, continued their usual physical activity.

Dose: 24 sessions (at least 2 sessions of 30 minutes per week for 12 weeks)

Level of immersion: non-iVRE.


 
	CSRT total time, the Stroop stepping test time, CSRT decision time, CSRT movement time, postural sway eyes open-closed,
TUG ST, 10MWT, 6MWT, fall history
Cognitive function: TUG DT, TMT trail making test, SDMT.
Assessment point: baseline, within 7 days post-intervention (12 weeks).
	VRG improved in CSRT (p = 0.031) and in SST (p = 0.011), VRG showed less postural swinging with open eyes (p = 0.023) + rapidity in 10MWT (p = 0.023) and a reduction in 9-HPT (p = 0.001).

	8. Kalron et al., 
2016
(Israel)
Prospective pilot RCT
 RCT (2 groups)

	Sample size:30
VRG: 16, CG: 16
Number of dropouts:
VRG: 1, CG: 1
Sex (F/M):
VRG: 10/5, CG: 9/6
Age, mean years (SD):
VRG: 47.3 (9.6), CG: 43.9 (10.6)
Years since MS diagnosis, mean years (SD):
VRG: 11.6 (7.7), CG: 10.4 (6.5)
Disease severity, EDSS score, mean (SD):
VRG: 4.5 (1.6), CG: 3.9 (1.3)
	VRG: participants trained with the CAREN system and had to keep their balance in response to
changes in the slope or direction of a road projected on a screen in front of them. The VR included: catching 18 moving targets (a colored ball of 12.5 cm diameter) appearing above the road.
CG: conventional treatment.
Dose: 12 sessions (2 sessions of 30 min per week for 6 weeks).

Level of immersion: Fully-iVRE.
	CoP length, sway rate, ellipse sway area, pressure distribution
difference), FRT, BBS, FSST, FES-I questionnaire
Assessment point: baseline, post intervention (6 weeks).
	Both groups showed main effect of time on CoP path length with eyes open (F = 5.278, P = .024), sway rate with eyes open (F  =  5.852, P  =  .035), FRT (F  =  20.841, P  =  .001), FSST (F  =  9.011, P  =  .031) and FES-I self-reported questionnaire (F  =  17.815, P = .023)

	9. Peruzzi et al., 2017
 (Italy)
 RCT (2 groups)

	Sample size:31
VRG: 16, CG: 15
Number of dropouts: VRG: 2, CG: 4
Sex (F/M): VRG: 8/6, CG: 7/4
Type of MS:
VRG: RR
Age, mean years (SD): 
VRG: 43.6 (10.2), CG 42.0 (12.0)
Years since MS diagnosis, mean years (SD): VRG: 11.8 (6.8), CG: 12.4 (4.0) 
Disease severity, EDSS score, mean (SD): VRG: 4.1 (1.0), CG: 3.5 (0.8)
	VRG: VR-based treadmill training. Participants walked on the treadmill while watching a virtual tree-lined trail. They were asked to pass the obstacles appearing on the trail.

CG: treadmill training.

Dose: 18 sessions (3 sessions of 45 min per week for 6 weeks).

Level of immersion: Fully-iVRE. 
	Gait analysis under ST and DT conditions, 6MWT, 10MWT, TUG, BBS, FSST, EDSS.
Assessment point: baseline, pre- and post-intervention. 
	Significant improvements in 10MWT (P < 0.001), TUG (P = 0.042), BBS (P = 0.003) and FSST (P = 0.028). Only observed in VRG. No significant differences between groups.


	10. Khalil et al., 
2018 
(Jordan)
Feasibility study RCT University lab and home setting (2 groups)
	Sample size:32
VRG: 20, CG: 20
Number of dropouts:
VRG 4, CG: 4
Sex (F/M):
VRG: 12/4, CG: 10/6
Age, mean years (SD):
VRG: 39.88 (12.75), CG: 34.87 (8.98)
Years since MS diagnosis, mean years (SD):
VRG: 8.38 (5.49), CG: 10.43 (6.10)
Disease severity, EDSS score, mean (SD):
VRG: 2.9 (1.4), CG: 3.1 (1.1)
	VRG: practised with 5 games targeting several exercises (standing from chair, squatting, reaching, stepping over virtual object, weight shifting, rising on toes) played with the Kinect or Wii balance board. Participants began with one set of 1 minute per VR based exercise and then
progressed to complete the other 3 sets of 1 minute per exercise. Participants were asked to come
2 times per week for 6 weeks. In addition to these 2 clinic-based VR exercise sessions, participants
were asked to complete one session of balance exercises similar to those of the VR exercise at
home 2 in lab/1 at home.
Dose: 18 sessions (3 sessions per week for 6 weeks): 
CG: performed balance exercises (2 instructional sessions in clinic with PT, afterwards exercise sheet) similar to the ones promoted by the VR at home.
Dose: 18 sessions (3sessions per week for 6 weeks)
Level of immersion: Non-iVRE.
	BBS, TUG, 3MWD, 10MWT, FES-I, MFIS, SF-36
Assessment point: baseline, post intervention (6 weeks).
	VRG showed better results than CG in BBS (p = 0.012), MFIS (p = 0.008), and several parameters of SF36 (p < 0.05).
 

	11. Ozdogar et al., 2020
 (Turkey)
Parallel RCT (3 groups)

	Sample size:60
VRG: 21, Conventional group: 19, CG (no intervention): 20
Number of dropouts:
VRG: 1, Conventional group: 2
CG (no intervention): 0
Sex (F/M):
VRG: 16/5, Conventional group: 12/6, CG (no intervention): 15/5
Type of MS:
VRG: 18 RR, 3 SP, Conventional group: 18 RR, CG (no intervention): 18 RR, 2 SP
Age, mean years (SD):
VRG: 39.2 (8.6), Conventional group: 43.6 (10.5), CG (no intervention): 37.9 (12.4)
Years since MS diagnosis, mean years (SD):
VRG: 7.5 (4.5)
Conventional group: 6.43 (5.9)
CG (no intervention): 5.93 (4.2)
Disease severity, EDSS score, mean (SD):
VRG: 2.7 (1.8), Conventional group: 2.11 (0.9), CG (no intervention): 2.25 (1.2)
	VRG: The video-based exergaming was applied using a game console (Microsoft Xbox One and
Kinect motion sensor). 
the Kinect Sports Rivals game, which included bowling,
Jet Ski racing, rock climbing, football, tennis and target shooting.

Conventional group: received a patient-specific rehabilitation programme, including balance,
arm and core stability exercises. 
CG: no intervention.
Dose: 8 sessions (1 session of 45 min per week for 8 weeks).


Level of immersion: Non-iVRT.
	MAM-36, BICAMS, ABC scale, STS, curl
up test, T25FW, MSWS-12, Six Spot Step Test, BDI, MFIS, MusiQoL. 
Assessment point: baseline, post-intervention (8 weeks).



	Significant differences in favour of VRG observed for N-HPT (P = 0.007), MAM-36 (P =  0.030)BVMTR (P = 0.002), STST (P = 0.0070, Curl up test (P = 0.001), T25FW (P < 0.001), Six Spot Step Test (P < 0.001).

	12. Selgrade et al., 2020
 (USA)
 Pilot RCT (2 groups)

	Sample size:28
VRG: 16, CG: 20
Number of dropouts:
VRG: 2, CG: 2
Age, mean years (SD):
VRG:  38.9(6.6), CG: 38.2 (6.9)
Sex (F/M):
VRG:12 /1, CG:12 /1
Type of MS:
VRG:  RR, CG: NA

	VRG: Supervised treadmill walking while watching a virtual hallway with and without optical flow perturbations in the ML or AP directions using NeuroCom® system.
CG: Same procedures.

Dose:2 separate sessions within 1-2 weeks, each subject completed 3, 20-second trials for each of the six conditions.

Level of immersion:  Semi -iVRE.
	The SOT estimates CoM movement the visual score, vestibular score, and composite score. 
Gait variability
Lateral margin of stability.
Assessment point: Baseline, post-intervention.
 

	Modest differences between measurements for both groups, with outcomes favouring VRG. VRG participants walked 5.2% slower at preferred speed (Mean 1.29, SD 0.11), reported higher cognitive fatigue (p = 0.015) and fatigue (p = 0.016) than CG. 

	13. Molhemi et al., 2021 
(Iran)
Single, parallel blinded RCT (2 group)
Rehabilitation centre

	Sample size:39
VRG: 19, CG: 20
Number of dropouts:
VRG: 3, CG: 4
Age, mean years (SD):
VRG: 36.8 (8.4), CG: 41.6 (8.4)
Sex (F/M):
VRG: 12/7, CG: 12/8
Type of MS:
VRG: 14 RR, 5 SP, CG: 16 RR, 4 SP
Years since MS diagnosis, mean years (SD):
VRG: 7.7 (3.6), CG: 11.2 (6.8)
Disease severity, EDSS score, median (IQR):
VRG: 4.8 (0.9), CG: 4.7 (1.1)

	VRG: progressive balance exercises with the use of the Xbox360 with Microsoft’s Kinect games:
Light Race, Stack’em Up and 20000 Leaks.

CG: standing exercises (multidirectional stepping and single – and double-leg standing),
walking exercises (forward, backward, and side walking), weight-shifting exercises (lunge, half-squat, leaning, reaching).
Dose: 18 sessions (3 sessions of 35 minutes per week for 6 weeks).

Level of immersion: Non-iVRE.

	Limits of stability, TUG (ST/DT), 10MWT (ST/DT), dual-task costs, BBS, MSWS-12, FES-I,
ABC scale
Assessment point: baseline, post-intervention (6 weeks), follow-up (3 months).
	VRG TUGcog, DTC, TUG and number of falls were lower; 10MWcog was higher; No significant differences between groups in any test.



	14. Shahnewaz et al., 2021 
 (USA)
 RCT
 Experimental design(2groups)

	Sample size:14
VRG: 7, CG: 7
Number of dropouts: 0 
Age, mean years (SD):
VR group: 51 (6.1), CG: 56 (9.9)
Sex (F/M):
VRG: 7/0, CG: 5/2
Type of MS:
VRG: 14 RR, 5 SP, CG: 16 RR, 4 SP
Years since MS diagnosis, mean years (SD):
VRG: 7.7 (3.6), CG: 11.2 (6.8)
Disease severity, EDSS score, mean (SD):
VRG: 4.43(0.19), CG:NA

	VRG: Assess Quiet stance balance and Functional balance in VR and AR with and without SRF.
 
CG:  Assess Quiet stance balance and Functional balance in VR and AR with and without SRF.

Level of immersion: Fully-iVRE.

Dose: 45 minutes for each participant.


	Imbalance count = Wii balance board, CoP path, SSQ, ABC scale, Hit count (game performance).

	Significantly improved balance in Functional balance with SRF (M 11.28, SD 2.62) to without SRF (M 14.57, SD 2.99) condition; t(6) 2.02, p 0.045, SSQ = only post-exposure disorientation score is significantly higher (p 0.04) in PwMS. 

	15. Kalron & Frid, 
 2012
 (Israel)
 Quasi-experimental pilot study 
 

	Sample size:
VRG:  32
Number of dropouts:0
Sex (F/M):VRG: 19/13
Type of MS: VRG: Chronic phase
Age, mean years (SE):
VRG: 43.6 (1.9) years
Duration = 6.0
SD = 0.8 years Disability = <5
Years since MS diagnosis, mean years (SE): VRG:6.9(0.8) years
Disease severity, EDSS score, mean (SE): VRG: 3.1 (0.2)
	VRG:  Nintendo Wii gaming console tennis mode. Patients instructed to play within 30×30cm area while maintaining body balance.
 
No control group.
Dose: 1 session of 30 minutes with Wii intervention.
Level of immersion:  Non-iVRE.
	FRT (cm)
FSST (sec)


Assessment point:
Pre and post intervention
	Significant improvements observed in: FRT (cm) increased from 30.3 (SD = 4.6) to 32.9 (SD = 5.03), P = 0.03, FSST (sec) decreased from 10.3 (SD = 3.6) to 8.7 (SD = 2.6), P = 0.04.

	16. Gutiérrez et al., 2013
 (Spain)
 RCT (2 groups) 
	Sample size:50
VRG: 25, CG: 25
Number of dropouts:
VRG: 1, CG: 2
Sex (F/M):
VRC: 13/11, CG: 14/9
Type of MS:
VRC: 16 RR, 3 SP, 5 PP, CG: 15 RR, 6 SP, 2 PP
Age, mean years (SD):
VRG: 39.69 (8.13)
CG: 42.78 (7.38)
Years since MS diagnosis, mean years (SD):
VRG: 9.68 (6.76)
CG: 10.86 (5.40)
Disease severity, EDSS score:
VRG: score 3 (n = 4), score 4 (n = 17), score 5 (n = 3), CG: score 3 (n=5), score 4 (n = 14), score 5 (n = 4)
	VRG: received individual TR treatments using the Xbox360® console with Microsoft® Kinect following a protocol specifically designed for this purpose.

Dose: 40 sessions (4 sessions of 20 min per week for 10 weeks).

CG: received physiotherapy treatment.

Dose: 20 sessions (2 sessions of 40 minutes per week for 10 weeks).


Level of immersion:  Non-iVRE.
	CDP (SOT, MCT), BBS, Tinetti tests.



Assessment point: baseline, post intervention (10 weeks).


	Significant differences in favour of VRG in MCT (p = 0.003), in CES (p = 0.003), in BBS (p < 0.001), and in TBS (p < 0.001). Balance improved in both groups.
 


	17. Kramer et al., 
2014
 (Germany)
 MS neuro-rehabilitation centre
RCT (3 groups)
	Sample size: 70
VRG: 21, Posturomed group: 20, Conventional group: 20
Number of dropouts: 9
Age, mean years (SD):
Total sample: 47 (9)
Sex (F/M):
From Total sample: 44/17
Type of MS:NA
Total sample: 74% RR, 23% SP, 3% PP
Years since MS diagnosis, mean years (SD): 8 (7)
Disease severity, EDSS score, mean (SD): 3 (1)
	VRG: Exergame Training Group, Played Wii Sports, Sports Resort, and Fit games requiring arm movements or full-body movements. Games were played while standing on the Posturomed, an unstable surface that reacts to limb movements and balance shifts.
Posturomed group: Trained on the Posturomed using five progressively challenging balance exercises from a set of 15. 
Conventional group: conventional balance training.
Dose: 9 sessions (3 sessions of 30 minutes per week for 3 weeks).
Level of immersion:  non-iVRE.
	Balance tests on force plates 
Balance Tests on Posturomed, Gait analysis.
Assessment point: baseline, post intervention (3 weeks).
	No statistically significant differences between groups after the intervention period in any outcome.
 


	18. Lozano-Quilis et al., 2014
 (Spain)
 RCT(2group)
 
	Sample size:11
VRG: 6, CG: 6
Number of dropouts:
VRG 0, CG: 1
Sex (F/M):
VRG: 3/3, CG: 1/4
Age, mean years (SD):
VRC: 48.33 (10.82), CG: 40.60 (9.24)
Years since MS diagnosis, mean years (SD):
VRC: 14.00 (12.69), CG: 4.70 (3.11)
	VRG: performed the Kinect-based virtual rehabilitation exercises. The VR exercises consisted of 3 games: touch ball, take ball and step ball. 
Dose: 10 sessions (1 sessions of 45 min + 15 min VR per week for 6 weeks).
CG: performed standard balance and gait rehabilitation exercises
Dose: 10 sessions (1 session of 60 minutes per week for 6 weeks).

Level of immersion:  non-iVRE
	BBS, Tinetti Balance Scale, SLS Test, 10MWT, TUG. 
Assessment point: baseline, post intervention (10 weeks).
	Significant differences in favour of IG only in TUG (p = 0.027), in BBS (p = 0.030), and in SLB with the right foot (p = 0.033).


	19. Pau et al., 
2015 
 (USA)
 trial study 
 Home setting
	Sample size:30 
VRG:27
Number of dropouts: 7
Sex (F/M):
VRG: NA
Age, mean years (SD):
VRG: 44.6 (10.6)
Years since MS diagnosis, mean years (SD):
VRG: 
Disease severity, EDSS score, mean (SD):
VRG: 3.4 (1.3)

	VRG: Nintendo Wii Fit 3 games = Penguin Slide, Table Tilt, Balance Bubble.

Dose: 5xweek period, with 5 compulsory sessions per week and a minimum of 30 minutes per day of exercise.

Level of immersion: Non-iVRE.
	Balance: COP
Postural Sway area,
COP path length,
COP max. Displacement ML and AP,
COP velocity ML
and AP.
Assessment point: pre and post intervention.
	Significantly reduced several postural sway parameters observed in PwMS, indicating improvement in the performance of the postural control system.


	20.Novotna et al., 2019
 (Czech Republic)
 RCT (2 groups)
 

	Sample size:39
VRG: 23, CG: 16
Number of dropouts: 0
Sex (F/M):
VRG: 17/6, CG: 12/4
Age, mean years (SD):
VRG: 39.39 (9.68), CG: 42.56 (10.63)
Years since MS diagnosis, mean years (SD):
VRG: 14.95 (8.59), CG: 14.5 (9.88)
Disease severity, EDSS score, mean (SD):
VRG: 3.93 (1.91), CG: 3.62 (1.89)
	VRG: Home balance system® (Clevertech, CZ), including Wii balance platform and tablet computer. There were two therapeutic games available: (a) a chessboard—where the therapeutic task can be set to different positions/directions; (b) planets—where the therapeutic task is to increase
the limits of stability combined with cognitive training. 

CG: wait list group.

Dose: 28 sessions (daily 15 minutes for 4 weeks)
Level of immersion: Non-iVRE 

	BBS, mini-BESTest, TUG, TUG dual task, spatiotemporal parameters, FES, ABC
scale, 12-MSWS.

Assessment point: baseline, post-intervention (4 weeks), follow-up (4 weeks).
	Improvement balance (BBS, Mini-BESTest), gait parameters
No adverse events.


	21. Yazgan et al., 2020 
(Turkey)
 RCT (3 groups)
 
	Sample size:42
VRG 1: 16, VRG 2: 16, CG: 15
Number of dropouts:
VRG 1: 1, VRG 2: 4, CG: 0
Sex (F/M):
VRG 1: 13/2, VRG 2: 12/0, 
CG: 13/2
Type of MS:
VRG 1: 11 RR, 1 SP, 1 PP, 2 PR, VRG 2: 8 RR, 1 SP, 3 PR, CG: 14 RR, 1 PR
Age, mean years (SD):
VRG 1: 47.46 (10.53), VRG 2: 43.08 (8.74), CG: 40.66 (8.82)
Years since MS diagnosis, mean years (SD):
VRG 1: 12.06 (6.56), VRG 2: 14.91 (6.54), CG: 11.06 (5.70)
Disease severity, EDSS score, mean (SD):
VRG 1: 4.16 (1.37), VRG 2: 3.83 (1.49), CG: 4.06 (1.26)
	VRG 1 (Nintendo Wii Fit): the training protocol comprised games such as Penguin Slide, Table
Tilt, Ski Slalom, Heading and Balance Bubble, all selected from the Wii Fit Plus balance games sec-
tion.
VRG2 (Balance Trainer): the training protocol consisted of Collect Apples, Outline, Paddle War
and Evaluation of Movement games, which were included in the device software and allowed the
patients to perform balance exercises in different directions.

CG: waitlist group.
Dose: 16 sessions (2 sessions of 60 minutes per week for 8 weeks).
Level of immersion: Non-IVRE.
	BBS, TUG, 6MWT, FSS, MusiQoL.

Assessment point: baseline, post-intervention (8 weeks).
	VRG showed better results than CG in BBS (p < 0.001), TUG (p = 0.005), and 6MWT (p = 0.008).
 


	22. Riem et al., 
2021 
 (USA)
 Experimental study (2 groups)
 
 

 
	Sample size:20
VRG:10, CG: 10
Number of dropouts: 0
Sex (F/M):
VRG: 6/4, CG: 6/4
Age, mean years (SD):
VRG: 54.0 (5.3), CG: 56.3 (6.0)
Years since MS diagnosis, mean years (SD): VRG: 14.95 (8.59), CG: 14.5 (9.88)
Disease severity, EDSS score, mean (SD):
VRG: 3.93 (1.91), CG: 3.62 (1.89)

	VRG: Participants experienced each of the 5 conditions, 4 experimental frequencies and 1 baseline condition, 3x per VR configuration.

CG: Experiences like the condition

Does: one baseline condition, 3 times per VR configuration.
Level of immersion: Fully-iVRE.


	Balance control assessed using portable force platform: Mean path length of COP, Frequency response of COP, SSQ.
Assessment point: Baseline, Post-intervention.
	PwMS had significantly larger CoP sway in both ML and AP directions to ML visual oscillations.
Controls and PwMS both increased CoP frequency content to visual oscillation frequency. 

	23. Riem et al., 
2022
(USA)
 Experimental study (2 groups)
 
	Sample size: 25
VRG: 14, CG: 11
Number of dropouts: 0 
Sex (F/M):
VRG: 6/8, CG: 6/5
MS types: NA
Age, mean years (SD):
VRG: 49 (11), CG: 53 (12)
Years since MS diagnosis, mean years (SD):
VRG: .95 (8.59), CG: 14.5 (9.88)

	VRG: Participants completed 4 experimental conditions on a treadmill, fully immersive with VR-HTC vive HMD.
CG: Participants walked on treadmill at self-selected speed while wearing VR headset projecting an immersive forest scene.
Dose: NA
Level of immersion: Fully-iVRE.
	Gait kinematics measured at 120 Hz using 14-camera Opti-track Flex-13 motion capture system with 21- marker modified Helen-Hayes marker model
Assessment: Baseline, post-intervention.
	Only PwMS exhibited significantly greater instability (higher step width variability and centre of mass sway) when objects moved within the scene (e.g. swaying trees).

	Key: 2MWT: 2-Minute Walk Test; 6MWT: 6-Minute Walk Test; 9HPT: 9-Hole Peg Test; 10MWT: 10-Meter Walk Test; ABC: Activities-Specific Balance Confidence Scale; AD: Axial Diffusivity; AP: Anteroposterior; ARAT: Action Research Arm Test; BAL: Balance Assessment Laboratory; BBS: Berg Balance Scale; BDI: Beck Depression Inventory; BICAMS: Brief International Cognitive Assessment for Multiple Sclerosis; BP: Bipedal; CDP: Computerized Dynamic Posturography; CES: Composite Equilibrium Score; CG: Control Group; CoP: Center of Pressure; CSRT: Choice Stepping Reaction Time; CT: Clinical Trial; DT: Dual Task; DTI: Diffusion-Tensor Imaging; DGI: Dynamic Gait Index; EDSS: Expanded Disability Status Scale; F: Female; FA: Fractional Anisotropy; FES-I: Falls Efficacy Scale International; FRi: Fall Risk Index; FRT: Functional Reach Test; FSST: Four Step Square Test; FSS: Flow State Scale; GLTEQ: Godin Leisure-Time Exercise Questionnaire; HADS: Hospital Anxiety and Depression Scale; HMD: Head-Mounted Display; IG: Intervention Group; IVR: Immersive Virtual Reality; IVRE: Immersive Virtual Reality Environment; M: Male; MAM-36: Manual Ability Measure-36; MAS: Modified Ashworth Scale; MCT: Motor Control Test; MD: Mean Diffusivity; MFIS: Modified Fatigue Impact Scale; Mini-BESTest: Balance Evaluation Systems Test; ML: Mediolateral; MP: Monopedal; MRI: Magnetic Resonance Imaging; MS: Multiple Sclerosis; MSIS-29: Multiple Sclerosis Impact Scale; MSSE: Multiple Sclerosis Self-Efficacy Scale; MSWS-12: 12-Item Multiple Sclerosis Walking Scale; MusiQoL: Multiple Sclerosis International Quality of Life Questionnaire; NA: Not Applicable; NHPT: Nine-Hole Peg Test; NS: Not Significant; OSI: Overall Stability Index; p: p-value; PPMS: Primary Progressive Multiple Sclerosis; PRMS: Progressive-Relapsing Multiple Sclerosis; PST: Postural Stability Training; PwMS: People with Multiple Sclerosis; PT: Physiotherapist; RCT: Randomized Controlled Trial; RD: Radial Diffusivity; ROI: Region of Interest; RR: Relapsing-Remitting; RRMS: Relapsing-Remitting Multiple Sclerosis; SCI-ECES: Spinal Cord Injury Exercise Self-Efficacy Scale; SD: Standard Deviation; S.E: Standard Error; SDMT: Symbol Digit Modalities Test; SF-36: 36-Item Short Form Health Survey; SF-36 v.2: Medical Outcomes Short-Form Survey Version 2; SLB: Single-Leg Balance Test; SLT: Single Leg Balance Test; SOT: Sensory Organization Test; SPMS: Secondary Progressive Multiple Sclerosis; SRF: Spatial Reference Frame; SSQ: Simulator Sickness Questionnaire; ST: Single Task; STST: Sit-to-Stand Test; T25-FWT: Timed 25-Foot Walk Test; TBT: Tinetti Balance Test; TCS: Timed Chair Stand Test; TCS Test: Timed Chair Stand Test; TMT: Trail Making Test; TUG: Timed Up and Go Test; UTAUT: Unified Theory of Acceptance and Use of Technology; VG: Virtual Group; VR: Virtual Reality; VRG: Virtual Control Group; WBBS: Wii Balance Board System; WHODAS 2.0: World Health Organization Disability Assessment Schedule 2.0
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