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Changes of brain function activation based on VR memory-related training: a functional near infrared spectroscopy
study Luo Hong, Xu Li.
chuan Provincial People’s Hospital » Chengdu 610072, China
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[Abstract] Objective: To observe the effect of multi-module 3D-VR memory-related training on brain function acti-
vation by functional near infrared spectroscopy (fNIRS). Methods: A total of 26 healthy subjects were recruited in
this experiment, and each of them tried a 15-min multi-module 3D-VR memory-related training. All subjects were
monitored by resting {NIRS for 10 min before and after the training. The frontal lobe blood oxygen signals were col-
lected from all channels in the two tests, the beat value of frontal lobe blood oxygen concentration and the average
value of blood oxygen signals were recorded, and the changes of frontal lobe function and its influence on cortical ac-
tivation were compared and analyzed. Results: Compared with those before the test, the beta values of OXY-HB in
frontal lobe in channels (14, 22, 24, 43) were significantly different (P<C0. 05), and the mean values of blood oxy-
gen signals in frontal lobe in channels (14, 22, 24, 43) were significantly different (P<C0. 05). Conclusion: Multi-
module 3D-VR memory-related training can significantly activate the left middle frontal gyrus, the left medial frontal
gyrus, the left dorsolateral frontal gyrus and the right middle frontal gyrus (channels 14, 22, 24 and 43), and the a-
bove cognitive related brain regions such as attention and memory.

[Key words] multi-module 3D virtual reality technology; functional near infrared spectroscopy; blood oxygen con-

centration; cortical excitability

525

ST A LIS AT AL A K U606 0 0 R WA 2 A 5

FE LI S2 5 A (virtual reality, VR) 2 F FH 21
e AR N F8 B AR AT AL ) LB B 1 52 BB R
TR AR R BR B R UL RR 55, TIE G 4% M A T P
H OB B2 A5 v, O X0 3% B0 58 0 AT 45 A
UEARK B VR BAR W AN Wik J& DL K VR 760 1 RR
PRI, VR #R B 5 HAb e J7 X456 0 0 T
FANEEEE T HAT, BAR T A M £ B 5T R 2 I R
HREAR A 3 2 VR AT RE & 3 A 8 4 136 T AL
R AREA —BOART B VR IGITROR 09 % W IFAG 7 .

LT H - P02 B S R A (2020 YFS0415) 5 1Y 1|4 AR
BRI H O F8F 2022-201) 5 Y1 45 T (a8 2% 3% K 7 FH BRA%(21PJ079)
s s H 1 :2024-03-04

PEZ BAL . DU )1 2 BE 2B 22 . DU N R B e B A B IR 610072
PR B 20 (1988-) , & £ U, T N 22 e & T A T 5%
SEIAEH 4T . xuli_0125@163. com

e 2 T 2 W I R 58 R 35 E

I fE I 21 4b )t 7 (functional near-infrared spec-
troscopy » INIRS) J& —F AT il 3 406 2638 &R 4t . e )
T¥ 2 I3 3 5 0 o 4 Ve JRE Ok 3 S | Jo B M I T R ik
THRE . 24 R 52 45 i ) 5 | I v 3l g 2 i B
A ML [ (oxyhemoglobin , HbO) FI i 48 1M 41 &
F (deoxyhemoglobin, HbR) 2% DX 34 fin a5 yik /> i I =X
KR . INIRS F| H 3 210 40 56 %F 2 40 [ 4F 1) 58 35 fig
3 3 3k A i B g A Y DX A A S S0 O Wl A
WGS9 A2 £k T SR VF X HbO, HbR | & i £1 2
P B A7 i M K Ve AR P S sh . R
INTRS H A 52 (A7 2028 52 M /0N 2 4P 8 ] 43 3
TS BT AWl i INIRS £ A ki
SRR 3D-VR ICAZ AR 5 I kX6 I B2 )2 Dy e 3 21



526

S B 25 P 5 25 R 8 K 3 B 1 IR 7
.

1 #ERFAE

L1 —fFH AFRHEIET 26 fEREZHE. 5
4, 4 12 5 4F 8 (23, 20 £ 7. 13) % ; 4K T &
(58.0+12. 83)Kg; Z#H F M (14, 16 2. 37) 45
A R B IEAL IR O A8 AE IR
TARFA, FEEZINGZ A2 EE 75
TREAAEGE B0 LR 37208 3 38 % F 5 A E) A
S N N T U E NN Y S L e o YA e £
i (2021-053)

1.2 ik 26 B2l E 42 Z B 3D-VR ¢
Y2k EPEAE Steam VR P& Lz f7id 12 71 B & I 45
ARG, WITHTE A A2 R R R R R 5
R SO AR R BRI ZR A B A L 0T 4 32 138 784 T
N2 E T AR S AR . K B e A
IR 2 I 3D 3k 2%, 1k £ B B L RBE AE 1]
HAE R T EINEAY 5, WE 1. &5 FHLL T
A RETR A R B W B R A7 3 il R AR AT
HH R 5 I O T b DU 2,

—e— 1) - =

B 2S4S EILE IR
1.3 ARk 26 B2 E 0T 2B 3D-VR i
AR 5700 J5 8252 INTRS Wil , Wa il ik 22 328 3 Jl 5
JEHE CFERT AR T LA 9 h FPz 27 4, A2 47 K hiki 2
BRUT T3~T4 XS FRA3 AT WGk Bz o J5 g 181 72 ) . il 2k

Chinese Journal of Rehabilitation,Sep 2024, Vol. 39 No. 9

HI 2 VT = AR AL Z # R B Smin J5 il 8k 08, P41
MR 3 G A B S TR Bl R Sk B S Bl R
10min # B AEE , Wk 3 PR ; Y1255 57 Bd A INIRS
YR AL 10min 2 SHE . OINIRS iR 4 R
BS-3000 %Y 53 i i I 2140615 AR & 4o 1 K R
730nm Fll 850nm H % L2k K6 M4 DL 20Hz B R AR
B0 SR E # AT MK HbO (1) e B A5 4k #H 208
SRS AW AR IR B N 3em, B H L 6cm X 12em,
For I s ] 53 98 26 0. 13s, BRI R FE 2 K T 0. Sem,
TEIX AT 8 26 4> NIRS S A4 (14 BRI
12 AR &) AR IR 26 47 X R HEA L iz 5 i 16 S5
BRI 16 N HUCER S AR 53 NG AE IA Ll A bR 2
FZHRE E PR 10-20 HL AR ZR 4078 o SO 450 i DXL DL 4.
1 T HbO ¥ J3 AR A0 AEL{7 5 X6F B S5 i 97 25 £ S 1z B8
JE I HA R A fE e S R b % HbO e B AR fb
PR D3 32 2R AR B0 Hls . @ INIRS % 4f Ak 2. i
NirSpark #4754 140 B, 38 2o 5 d2 44 il A5 A )
15 S D 52 FIUE UL - B R A 6 A% B 5 SR F AR A% 46 (B VR 4%
WA AT 8 B G IE s # R B 55 SeiE AT 0. 01~
0. 10Hz (4717 38 8 I8 o DA 2 Jot v 400 M0 7 RN 2 18 I 7% 1 1
o ARIEE IE 1Y Beer-Lambert & AU IR I 5 090 %5 B 4L
Pt 4 L HbO ¥ B2 28 A A, IFXF (-5, 110s) ] 8] HbO
TR EE (B AT B 0 LA FE 5 15 18 L K 00 ¢ B AR YT A B
DL 55 aE )T R PR AU (generalized linear models,
GLM) £ B 45 1 HbO f9 beta {8, 3115 (0s,90s)
ZRAETT B I S T A R AR bR

L4 gt Zak W spss19. 0 GEit 2 8414
P o TR o s RO 2 TR XS AEAS ¢ A6 5
P<0.05FRRERAGIHE L.

.\
=

B3 %iXF#z INIRS Bl



TR RS - 2024 4F 9 1 - %5 39 455 9 )

r- 1 .._‘
EEEEER
sesnasd

B4 eHA B

ssanry —— before
—after

A5 FrA@EN%E HbO &mF
2 #R

AR WHFFE S5 R /s & 3@ JE Oxy-Hb beta {8 {5 [#
“h—8.00~10. 00(mmmol/L » mm ),Oxy-Hb [l &
(B8 —8. 00~7.50(C mmmol/L « mm)., HbO be-
ta {H A I 4R 340 (8 B R AR 3% 92 30 I M 28 1) e T B R
o 26 F 32 H FEH 2 Z B 3D-VR G212 A G 25
AL INIRS Wi 3] Oxy-Hb beta {H 745 M@ 1 29,30,
33.35.37.41.42.43.44 .48 A B FH5 . WHE 6,
Ji Oxy-Hb beta {H7E& M # 18 14,24 .33 7 135 #4075
DAL 7, Oxy-Hb ifil 5 24 {8 76 4 38 18 14,21,29,30,
37,4144, 48 A B F WG VLK 8, & 95 5l ki AR L
% ,0xy-Hb beta {H{EEIE 14.22.24.43 F I F G
(P<0.01), W3R 1.8 10, Oxy-Hb Ifit % 3 {8 75 22 ) 5
M 14.22.24.43 A B (P<<0.0D, W% 2. A
11, 2255008 T8 78 52 58 R R B 22 WF 58 JiF (montreal
neurological institute, MNI) Jixi 4% B b 4 Ak 5, @ 38
14,22 .24 (A3 MNT Ae bR A R Ak 51 57 5 A KMl 7 0 %t v
[ g o 1 Y s s A R S s e
F1 26 41Z0EVLRAETE Oxy-Hb beta fH L5

mmmol/L « mm,x =+

it 36 e ESG tfl P A
14 —0.6334£0.212 0.9640.059 3.158  0.001
22 —0.962+0. 922 1.03840.422 5.745  0.003
24 —0.76140. 469 1.07840.102 7.137  0.001
43 —0.11440. 646 0.686+0.189 4.864  0.002

527

F 2 26 BIZFELRATG ) Oxy-Hb Il & HLE

mmmol/L « mm,x +s

it JE UEY LESG t i P i
14 —0.907=+0. 1.356=+0. 329 6.767  0.001
22 —0.754=0. 0.86640.417 7.945  0.001
24 —0.877£0. 1.02840. 168 5.839  0.003
43 —0.660+0. 0.955+0.533 8.866  0.002

B 6

TEE
P< 005

% 3K % W % 37 Oxy-Hb Beta /434 /& s X

TEE

4
P<

HE
0.05

Z X F I 4% )& Oxy-Hb Beta 153 7 i X

TEE

TEE
P< 005

%X A I %G Oxy-Hb fn 834 15 76 i K



528

TEE

B 10 L5l %77 48k Oxy-Hb Beta {43 7% i X

H 11 S5y 4%ar48k Oxy-Hb s B39 E E X
3 itig

INIRS R —Fhopf 2 S it T B B wi 2 T i
A rh R RS AT AL IR T A I R AT 5T, 1EL 1 Ak TR0 2B
B T AR T Z I RS s BT I R A i R
a2 5S4 MmEA . A 05 & INIRS
TR sh A G A T AT M A AE A o T B gk
Ji& 2 5 A I A I L 22 AR VR LA R R W il 5k 45
B5 B E R T X B AR . Maggio™ ! (1 #F 5T
/REET VR I 25 ik 52 2k Fn 2 A 1 ] LA
AR 22 G X 3K ) S O R A R SR R
AT R T A2 07 L ES TR R R AR 2 AT H
(4 5 o5 — Ui o D) e PR mE AL IR LS VR Il 5 )5 &
R DX SR 38 A A ) S G 5 R R B R Y 4 )il
TCRE A5 BN 4 w2 g D R i 5% ] DX B WY I 0T .
PRI . 25T VR Y125 % 2l 38 o\ 81 ) 68 19 A 2Pk » 38 2o
INIRS s W2 £ B 3D-VR i 12 A1 3 Y1 2k X K i 2
RETT IR S B A G IR & X .

T T2 B R A OC DX I 21 28 1 vk 28 4k 5k
SN LA AR ST R AR R T 4
S5II4ruiHH . Oxy-Hb beta {H & Oxy-Hb Ifil 4 4
(E7EMIE 14,2224 43 4 B Rk 72 000 %50 Hh (1] 72 P9 00l 5t
Bl A A A A [ G 2 R 0 R 8 e
) RS T BT MU R %) 38 s 350 30 2 05 Jeg 8 K
DI 11 6835 OO0 . B R AR AR I VR BOR B A
DaE LI i VR B TT IR 8R0S K 04 J8% it iz 2l
FEAA S T URT VB 7 0 AE OC Rl 9 2% H b A 4 e | E

Chinese Journal of Rehabilitation,Sep 2024, Vol. 39 No. 9

A2 5 Ty — T 2 P AL R 1R A R I U 5%
VR TAEEZ I Zhsk B o2t 45 38 WoR TR ieAZ
55 RS T RN i) 450 - 2 2 AT B )2 i 22 3 8l
XSG ARRMITLEE R — B #o8 VR AN 2Rk 3 A 7
L BE A AL AT B8 2 18 i i X 0 L OF HAEE AT
WF5E B BE A B A RAWF S L4 2 VR G212 AH S I 253t
I R AR i [ 18 T A A

38 14 ffe B A K Z2 45 7P 1] (left middle frontal gy-
rus, LMFG) Z 5 7 05 fh 4F 19 & 24 9 5 =5 18] 43
Bt ARG VR IR b e 5 1 s B T EE TR
B9 i 4 Bk T S D0 8 58 =5 1) 43 A AR B
INIRS W F ) LMFG #9300 FF UK UE T 12 il X %)
PF B2 BN BN B BE 5 Song 281 FE v AL L
F, Pl R0 22 P SR AR e [ Kk i ) 4% 2 25 A B o A 52
W) F8) — JGUBIF 5 v, 2 W00 F [T 7 3R Y 1 A T I 2% ke
EECHEBEMAEM ;M Avola 57 78 3D itid X 4 &
¥ S HE ZEBIF 5 v D B A 00 e [ 5 R 3 U AT 55 A
Koy R T VR IS5 3k X & rb 1] i 3005 DL
PR R 0 DU R A R B . A Y
9% R AL B2 5 R T AR IS4 AR 4 vT 54
IRAEBATIN T 55 320 72 v oy B0 300 o8 4 5 6 7 B2 Ak
PRAE R DL B ARAT 3 i A0 i R B A, B 503 / sh VR 1Y)
Jei Bl AR H7 A5 LG OE NG B0 S iR Bl AR Y
VR Y25 sl /Y 5 3h A4 Re % BT 72 9 A& E 0] 2
RERYIOE R I . 75 FMI F A B 2 A SR 5T S0 A A
M 55 Dl 2 0 e 5 43, O B 5 AR ICIC FE 2 )
PATHR O, TS 3 BT 18 55 00 LA 1 7 A 5 2 A gt
A (dorsolateral prefrontal cortex, DLPFC) fJ 1A
SR A AR AL B IR R 5 53 4 DLPEC 4y
H 3h shVE ka3, RO 5 RE 48 15 A sh AT S 19 5 L i
)20 s A 5 45 S SR 22 ) DLPFC (38006 » 3 AR 4 My
KT VR YNZRXF e A2 T3 AT RO [ AEH . K
Jizi %% 7 [\ (middle frontal gyrus, MFG) i I GE 45 T
TR T) . WU VG 25 A uE B T A 4 b ] (right mid-
dle frontal gyrus, RMFG) X} 55 &2 1 13 2 1 i & o0 4
PEAEFSY X 5 Song A& 1 BF 58 45 SR — B AR5
RMFG B85 Bk IEH T 3D-VR il 4538 i RMFG
R Y R T P R R

25 B AT iA  INIRS $ARE R T 288 3D-VR i
ACAH SN X IR Ze 0 v [ e 9 Ot [l 7
R AT VR SRE S - N Tt VAV i SIS 1R S S
0 XA . R TR I R R T I SE T VR R
XoF i 2y RE T BB RME . AN R R AR SR A R
/IS I 3D-VR B 4 BRA R SR AT 55 &5 INTRS W22 Jiki
Reis 3l . I HBA XIS ) 2 )4 H 3D-VR iZ 124



PERBEE - 2024 4E 9 7 - 55 39 455 9 WY 529

eI i) BT R B2k 120233811 £ 15051513,
(121 Z=Fmm, 2200 0 8 R 45 SR b B0 3h Ui Xk 3R 97 A b )5 5 3 A
[ % K] IR 8 I 45 4 T RV JIE 2T A0 38 B AR S0 A7 97 2P A 1 B 5 ).
[ AT L 2023,38(7) :412-416.
[13] ¥, BOHOE, PRAR TR, R 0030 ST R 7 A0 1 & Hp i F 5 ik
[J]. "hEEEESSE, 2020, 35 (2): 244-247.
[14] REHE. HF BCI-VR B TAEICAZ N ZRiT Al R 58 K H i 45 5 43
HrlDJ. M1l K2, 2023.
C15] Rk, B, 28 3 45 76 M4 b 8l 2 5 3052 0058 45 18] 43 0 14
INIRS §EHE[J]. 0 B2 42, 2023.55(5) :685-696.

(1] FEAEE . = Es 8T, 5. 0B 10000 90 3 AR 76 00 B 9 3 &2 07 5
FUASF PR LT o H A I B B 2% i 2023, 37 (6) £ 354-357,
360.
[2] Liu Q. Song H, Yan M, et al. Virtual reality technology in the
detection of mild cognitive impairment: A systematic review and
meta-analysis[ ] ]. Ageing Res Rev. 2023,87:101889.
[3] Park JH. Effects of virtual reality-based spatial cognitive training [16] Song P, Lin H, Liu C, et al. Transcranial magnetic stimulation

on hippocampal function of older adults with mild cognitive im-

pairment. ? Int Psychogeriatr[J]. 2022,34(2):157-163.

to the middle Ffrontal gyrus during attention modes induced dy-
namic module reconfiguration in brain networks[J]. Front Neu-

4] Paul an K, Vijayaragavan V, Ghosh S, et al. Brain-Com-
[4] aulmurugan jjayaragavan os et a rain-Com roinform. 2019.13:22.

puter Interfacing Using Functional Near-Infrared Spectroscopy
(INIRS) [J]. ? Biosensors (Basel). 2021,11(10):389.

(5] Ei. X2, 80 5%, 4. L 2041 G I Be A% 76 L BR 52 RL 5 UL 9%
WIS TR 2R R (T ], BT AR 2 4%, 2022,43(4) :88-93,97.

(6] Z=F]. o F U X AH OC S i I D 6 % 2l 1 2 fig g 3 3 AR (IMRD) /
TIREIT LA INIRSYBFFE [D]. A BEHE 2, 2019,

L7] EEE, BB LA 61k B AR 7E I A b B A2 400 00 BF oY 2 R
LI, wh e gy B 2 5 42 A 3, 2021, 43(3) - 285-288.

[8] Mihara M, Miyai I, Hattori N, et al. Neurofeedback using real-

[17] Avola D,Cinque L,Foresti GL,et al. An interactive and low-cost
full body rehabilitation framework based on 3D immersive serious
games[ J]. ] Biomed Inform,2019; 89(1) . 81-100.

[18] Melrose RJ, Zahniser E, Wilkins SS, et al. Prefrontal working
memory activity predicts episodic memory performance: A neuro-
imaging study[J]. Behav Brain Res. 2020,379:112307.

[19] Klaus J, Schutter DJLG. The role of 1Left dorsolateral prefrontal
cortex in language processing[ ] ]. Neuroscience. 2018,377:197-

205.
time near-infrared spectroscopy enhances motor imagery related

cortical activation[ J]. PLoS One. 2012,7(3):e32234.

(9] FM. R85 A ke LI S I 25k oA A0 8 0 1 Tl A o i o A 5 19 5
. A E A . 2017,32(4) :299-301.

[10] Maggio MG, Maresca G, De Luca R, et al. The growing use of

[20] Xia X, Li Y, Wang Y, et al. Functional role of dorsolateral pre-
frontal cortex in the modulation of cognitive bias[]J]. Psychophysi-
ology. 2021,58(10):e13894.

[21] Li B, Zhang L., Zhang Y. et al. Decreased functional connectivity

between the right precuneus and middle frontal gyrus is related to
virtual Rreality in cognitive rehabilitation; fact, fake or vision A

scoping review[ ]J]. ] Natl Med Assoc. 2019,111(4) :457-463.
CI1] ZEARu, QB FE, PNE . Bl BRI A rh )5 B % L GE 3)
I REK 52 04 5 0 B 8 S A5 INIRS g M 48 SRR 0P 52 ()], PR E

attentional decline following acute sleep deprivation [ ]J]. Front

Neurosci. 2020,14.:530257.

RO L ECE S
B A 22 R BLG T R R

BT A 22 R CVNS) F TR 7 3000 85, E WOE WA @I T 6 30 52 v 20 5 P R /D 0 R . p T I IR A 114 A R IR IR R
B0 S PR AR BT SEIEAR T VNS IR YT B BELE YT AL B ARIRTE 18 X ELL L2 W VB IELE . T A R 8 H 2 VNS IR YT IR
9o T TE R IAIOAE R R ATS SE SO TT HE S2 VNS YR YT I JC R A SR VRS X B . N VNS RAERT LA AR 3 A A 6 AT IF
U 4l FHl Epstein W HE 5 2 (ESS) PEA# 78 0 . 46 FH DL 52 A8 5 36 — 2(BDI—2) X FT A 3238 & dE AT AR IEA . FRATURSE T 18 191 05 Bkt i
HE 18 B IR B YRl . 5 LR AR L, 0 B AE 40 B9 1 ESS 3 AE 3 N A (P<C0.05) Fll 6 A~ H (P<<0. 01) I ¥4 i 35 ok 3%
T B 20 TE W] B8 3% . 22 oc I8l H 43 BT 87 . VNS X ESS (9 52 0 37§+ BDI— 2 ) 4 (i S AR e 362 TE 06 . 4538 « AR B 50 %) 08 e i A8 4
BEAT OIS o 30 A 2 307 3 g R A 9 R I G P S T A TR RN O 5 %)
Winter Y, et al. Vagus Nerve Stimulation for the Treatment of Narcolepsy[J]. Brain Stimul. 2024, 17(1):83-88.

FOCEE B WHO BERE RIS 85T & 1 oo RO A 81
A 30 pl v ] 2R A R A B R R B 5K AR SR AR R



