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[ Abstract] Objective To assess the impact of virtual reality (VR) technology on
symptoms and quality of life in patients with multiple sclerosis (MS). Methods Web of Science,
PubMed, Embase, The Cochrane Library, Wanfang, CNKI, CBM, and VIP databases were searched
for randomized controlled trials of VR technology interventions for MS patients. The search was
conducted from when the library was built until December 1, 2024. Data were analyzed using

RevMan 5.4 software, the Cochrane Risk of Bias Assessment Tool was used to evaluate the quality
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of the literature, and the GRADE Evidence Classification System was used to assess the quality of outcome
indicators. Results A total of 20 publications involving 881 patients were included, and the risk of literature
bias was low to moderate. The test group was trained with VR technology and the control group was trained
with conventional treatment or no intervention or exercise training. VR technology significantly improved
Montreal Cognitive Assessment Scale scores (MD=1.34, 95%CI: 0.06~2.61, P=0.04), Symbol Digit Modalities
Test scores (MD=5.30, 95%CI: 1.64~8.95, P=0.005), balance function (MD=2.45, 95%CI: 0.36~4.55, P=0.02),
and quality of life (SMD=0.27, 95%CI: 0.09~0.46, P=0.004) of MS patients, but no significant change for
depressive symptoms (SMD=-0.18, 95%CI: -0.41~0.06, P=0.15) and fatigue symptoms (SMD=-0.37, 95%CI:
-0.80~0.07, P=0.10). Conclusion VR technology is effective in improving cognitive function, balance function,
and quality of life in patients with MS, but is less effective in improving symptoms of depression and fatigue.
However, the small sample size and lack of follow-up data in the literature included in this study require more

high-quality randomized controlled trials to be conducted for validation in the future.

[ Keywords ] Multiple sclerosis; Virtual reality; Cognitive function; Quality of life; Meta-analysis
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Table 1. Basic characteristics of the included literature

THEE  RAR

e 5 T it T ERIaE it
(%, T/C) (T/C)

Maggio % 2024 BEARH  (46.09+1040) / 3535  T: PICE VRYIZ M2, FK60min, D
(52.46 + 8.99) C: HHIAIT IL- I

Marcos—Anton 220230 PEPEF  (48.67+7.63) / 1515  T: PUUERA VRIIL FEE2W, FK60min, DG
(47.87 £ 6.70) C: WRIARIT I8

Maggio %:2023"""! EHH (49.00 £13.40) /  53/53  T: kUiEI VRN 3, FK60min, @
(53.60 £9.50) C: HHIARIT I8 A
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Galperin 220231 LI@F], % (49.00+10.00) /  56/52  T: BUE VR HEHLIIZ B3, HK45min, QDO
. fE[E (49.10+9.70) C: B 6

Behrouz 25202317 fj}] (39.93£7.13) /  15/15 T: kit VR IIZ: EF3IK, BRK20~30 min, DG
(39.13 £7.52) C: HHIRIT YL

Salbs % 2022!"%! HH (37.60 +6.30) /2020 T: KPLRA VRIILE B3, HK35min, DG
(37.20 +5.90) C: WRIARIT 12 )4

Pagliari %2021 FRA (48.33£9.66) / 3030 T: FUIERKEEVRIERIIZ HFSK, HK45min, OB
(52.23 +9.34) C: HHIRYT 6 @®

Molhemi %2021 fpHi (36.80 £8.40) / 1920 T: PIiRE VR IFMI%% BRE3K, HK35mn, &
(41.60 = 8.40) C: WRARIT o

Leonardi 2£2021"°0 & XA (57.40+7.90) / 15/15 T: KPiR VREEEIZ: B3, K45 min,  DOO@D
(51.80 = 1.20) C: HWHIRYT 8

Yazgan % 202017 R (4746 £10.53) /  15/15  T: KUTER VR FERlEE BEA2K, HXK60mn, OO
(40.66 + 8.82) C: AT 8

Tramontano %5 20201 25| (4670 +10.40) / 14/16  T: KPiR VR EEEIZ: I3 W, FKA0min, OO
(52.30 £ 5.40) C: WHIRIT 4

Ozkul % 2020 +HH (31.00+4.76) /  13/13  T: Se4UEN VR TH K20, HK30min, GO
(35.63 +3.17) C: MBS L8

Ozdogar2520207" L HH; (3920 £8.60) /  21/20 T: BUTER VRIFKIZES) B 1, HK45min,  DODG
(37.90 + 12.40) C: AT I8 4

Russo 252018/ EAH] (4200 £7.00) /  30/15 T: HLES LB YIZ+2LTTER VR B3 K, B 60 min, @
(41.00 + 8.00) C: WHAST 6

Peruzzi 45 2017 R (43.60 +10.20) / 14/11  T: 2RPiER VR BAEHLIIZ% FRE3Y, WK45min, &
(42.00 = 12.00) C: BN 6

Calabrd %2017 BORA (44.00+2.00) /2020 T: HLEAEENG+EIURA VR 4E 5K, K40 min, &
(41.75 £2.25) C: HWHIRITY L8

Kalron %5 2016/*" DL gi) (4730 £9.60) /  15/15 T: iR VRIIZ B2, HK30min, &
(43.90 = 10.60) C: WRARIT 6

Eftekharsadat 220151 {2 (3340 £8.10) /  15/15 T: ¥PiRX VREEEMEIZ% B0, WK 20min, &
(37.00 + 8.30) C: AT 12
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Brichetto 2520137 2k F (4070 +11.50) / 18/18  T: KPtE VR I B3, WK60min, GO
(43.20 + 10.60) C: HWHIRITY 4
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multiple sclerosis international quality of life questionnaire, 25 & 44T {22 2 [E PR A= A7 B IR A % 5 MSIS-29, multiple sclerosis impact scale—
29, ZEVERIALE IR %K -29; @MoCA, Montreal cognitive assessment, ¢ FEFIRINEIIEAL ; GSDMT, symbol digit modalities test, 755
By RS ;. @PHQ-9, patient health questionnaire-9, B EFEAIAE-9; BDI, Beck depression inventory, DUSZifiB H T4 HDRS,
Hamilton depression rating scale, {XZ/RFHNARHF; (OBBS, the Berg balance scale, A% F-fij#i3; @MFIS, the modified fatigue impact
scale, DCRLJESF AR ; FSS, fatigue severity scale, JE57 /T FEE R,
2.3 MAXBRETFMER Fii, HAp¥rhthaE e, K2, K3,
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Figure 3. Risk of bias evaluation

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.1.1 FHRAB6A
Pagliari% 2021 26.75 2.79 30 26.57 2.79 30 33.0% 8[-1.23, 1.59]
Subtotal (95% Cl) 30 30 33.0% [ 3, 1.59]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)

2.1.2 FHAMNHSE

Leonardi% 2021 24.73 2.86 15 23.18 2.86 15 22.8%  1.55[-0.50, 3.60] -1
Maggio% 2023 26.44 2.29 53 2435 2.29 53  44.2% 2.09[1.22, 2.96] ——
Subtotal (95% CI) 68 68 67.0% 2.01[1.20, 2.81] .

Heterogeneity: Tau? = 0.00; Chi2 = 0.23, df = 1 (P = 0.63); I> = 0%
Test for overall effect: Z = 4.90 (P < 0.00001)

Total (95% CI) 98 98 100.0% 1.34 [0.06, 2.61] ’
Heterogeneity: Tau? = 0.76; Chi? = 5.09, df = 2 (P = 0.08); I> = 61% _=4 + + "1
Test for overall effect: Z = 2.06 (P = 0.04)
Test for subgroup differences: Chi? = 4.86, df = 1 (P = 0.03), I* = 79.4%
E4 EIEEFR AR S RINEE TS AR E 5T A S
Figure 4. Forest plot of the effect of virtual reality technology on Montreal cognitive assessment scores and

subgroup analyses

-2 0 2
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
De% 2015 47.44 11.47 18 38.59 8.6 16 29.2% 8.85[2.08, 15.62] I ——
Leonardi% 2021 26.66 11.86 15 24.53 14.31 15  15.1% 2.13 [-7.28, 11.54]
Ozdogar¥ 2020 44.8 12.8 20 40.4 12.54 20 21.7% 4.40[-3.45, 12.25] S e —
Pagliari& 2021 42.22 12.38 30 37.99 12.38 30 34.1% 4.23[-2.04, 10.50] —_—
Total (95% CI) 83 81 100.0% 5.30 [1.64, 8.95] T
Heterogeneity: Chi? = 1.66, df = 3 (P = 0.65); I> = 0% + + + +

-10 -5

c7 = _ 0 5
Test for overall effect: Z = 2.84 (P = 0.005) Favours [experimental] Favours [control]

E5 R SERARIFF S HF RSN T i 7Rk E
Figure 5. Forest plot of the effect of virtual reality technology on symbol digit modalities test scores

https://slyyx.whuznhmedj.com/



378 HIPELFLE 2026 £ 5 A% 39 5% 5 8 J.Math.Med. May 2026, Vol. 39, No.5

2.43 Aa#%-FHrEEITES

107 1 o 17 s R T VR R
Xf E A BBS AR5 . AR5 (R AE o 2 S I
(P<0.001, F=82.0%), RHFEHLANFEIRL, 25
R, I 4 BBS P45 T 4E (MD=2.45,
95%Cl: 0.36~4.55, P=0.02). HT#WF5E0 -+
R[], i s BRI, #7445y
Bro @R, THOrECAEITE S VR AT L H
BTN T TR 5% 18] TG 3 5 B PE (P=0.65,

Experimental Control

Mean Difference

F=0%), FHE @RV, 502 ks BT
IIREM T X4 (MD=3.98, 95%CI: 2.92~5.05,
P<0.001), WK 6,
2.4.4 IpAREIR

Sha e 0 U SRV T VR BASH R
AR, R TITPrEFRANE, RH SMD & 314500
i, SRRSO (P=0.36, FP=7%), RH]
EERAT, 255K, MAIRTCREES (SMD=
-0.18, 95%CI: -0.41~0.06, P=0.15). W& 7,

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand: 95% CI

3.1.1 ¥RKVR VS BHAT /A TH

Behrouz% 2023 48.14 3.15 15 45.15 4.79 15 10.4% 2.99 [0.09, 5.89] »
Brichetto% 2013 54.6 2.2 18 49.7 3.9 18 11.6% 4.90 [2.83, 6.97] e
Calabro% 2017 49.85 4.55 20 44 3,75 20 10.9% 5.85[3.27, 8.43] —]
Eftekharsadat® 2015 51.87 3.24 15 48.8 9.01 15 7.7% 3.07 [-1.78, 7.92] >
Kalron% 2016 479 6.4 15 446 4.9 15 8.7% 3.30 [-0.78, 7.38]

Molhemi% 2021 52.4 2.1 19 499 5.5 20 10.9% 2.50 [-0.09, 5.09]

Salbas% 2022 53.5 9.1 20 51.2 10.2 20 6.3% 2.30[-3.69, 8.29] »
Yazgan¥ 2020 49.13 4.29 15 454 4.29 15 10.2% 3.73 [0.66, 6.80] _—
Subtotal (95% CI) 137 138 76.6% 3.98 [2.92, 5.05] e
Heterogeneity: Tau? = 0.00; Chi? = 5.04, df = 7 (P = 0.65); I> = 0%

Test for overall effect: Z = 7.36 (P < 0.00001)

3.1.2 ¥TBAVR VS BH AL

Peruzzi% 2017 53 3 14 53 2 11 11.7% 0.00 [-1.97, 1.97] S

Subtotal (95% CI) 14 11 11.7% 0.00 [-1.97, 1.97] e

Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

3.1.3 BRXVR VS BHRIEEH

Ozkul% 2020 52.13 3.49 13 55.38 0.81 13 11.7% -3.25[-5.20, -1.30] —_—

Subtotal (95% CI) 13 13  11.7% -3.25[-5.20, -1.30] o

Heterogeneity: Not applicable

Test for overall effect: Z = 3.27 (P = 0.001)

Total (95% CI) 164 162 100.0% 2.45 [0.36, 4.55] e —
Heterogeneity: Tau? = 8.81; Chi? = 50.31, df = 9 (P < 0.00001); I* = 82% _54 _=2 3 é "1

Test for overall effect: Z = 2.29 (P = 0.02)

Test for subgroup differences: Chi? = 45.27, df = 2 (P < 0.00001), I> = 95.6%

E6 mEMI SR A FEIh

Favours [experimental] Favours [control]

ER MR AR E S AT

Figure 6. Forest plot of the effect of virtual reality technology on balance function and subgroup analyses

Experimental Control

Study or Subgroup Mean SD Total Mean
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