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Study on the application effects of repetitive transcranial magnetic simulation and
VR somatosensory games in children with attention deficit hyperactivity disorder
ZHANG Sisi, LIU Xiaohong
(Department of Pediatrics ,The First Af filiated Hospital of Xi'an Jiaotong University ,Shaanxi Xi’an 710000 ,China)

[ Abstract ] Objective To explore the application effect of repetitive transcranial magnetic stimulation (rTMS) combined with virtual
reality (VR) somatosensory games in children with attention deficit hyperactivity disorder (ADHD). Methods A total of 129
children with ADHD who visited the First Affiliated Hospital of Xi'an Jiaotong University from August 2020 to December 2023
were selected as study subjects.Using a random number table method, they were divided into three groups:the rTMS group,the VR
groupsand the combined group. The rTMS group received rTMS treatment, the VR group received VR somatosensory game
therapy,and the combined group received rTMS combined with VR somatosensory games. The study compared the three groups
regarding efficacy, core symptoms [ Chinese version of the Swanson, Nolan, and Pelham Rating Scale IV (SNAP-IV) Parent
Version |,attention [ Number Cancellation Test (NCT) ], behavioral problems [ Conners’ Parent Rating Scale (PSQ) ], neurological-
related factors [ serum brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor (GDNF) , and neuron-
specific enolase (NSE) ],and safety. Results The total effective rate in the combined group (95.35%) was significantly higher than
that in the VR group (76.74%) and the rTMS group (79.07%) (X? =6.484, P < 0.05). After treatment, the combined group
showed lower SNAP-IV Parent Version scores for hyperactivity/impulsivity, oppositional defiance, inattention, and total score
compared to the rTMS and VR groups (F = 23.564, 28.382, 14.565 and 60. 998, respectively, P <_0.05). Post-treatment, the
combined group had higher correct number and net score in the NCT,and fewer errors and omissions compared to the rTMS and

VR groups (F=175.972,125.532,91.332 and 21.101,respectively, P<C0.05).Additionally, the combined group had lower scores for
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learning problems, psychosomatic disorders, impulsivity-hyperactivity, anxiety, and hyperactivity index than the rTMS and VR
groups (F=66.656,94.269,65.547,92.886 and 30.262, respectively, P <{0.05). After treatment, BDNF and GDNF levels were
higher in the combined group than in the rTMS and VR groups, while NSE levels were lower (F =34.623,61.129 and 42.200,

respectively, P <0.05). No adverse reactions were observed in any group. Conclusion rTMS combined with VR somatosensory

games demonstrates significant therapeutic effects in children with ADHD. This combined therapy improves clinical symptoms,

attention deficits,and behavioral problems, promotes cognitive and neurological recovery,and has a high safety profile.

[Key words | child;attention deficit hyperactivity disorder; repetitive transcranial magnetic stimulation; VR somatosensory game;

cognitive neurological function;neurotrophic factor
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F1 BA-RABEB[xTs.n(00)]

Table 1 Comparison of general characteristics among groups [ X =s,n(%) ]

T rTMS 41 (n=43) VR 41 (n=43) A H (n=43) F/xz P
51 0.531 0.767
5 31(72.09) 29(67.44) 32(74.42)
% 12(27.9D) 14(32.56) 11(25.58)
R () 10.9341.43 10.5641.19 11.1241.25 2.083 0.129
IR 4D 3.6441.26 3.2540.85 3.2140.83 2.427 0.092
it bR 3 2R 0.577 0.966
e p=8d\ i1l 28(65.12) 30(69.77) 27(62.79)
Z 4/ gl 11(25.58) 9(20.93) 11(25.58)
aaeil 4(9.30) 5(11.63)
BMI(kg/m?) 19.2541.24 19.3341.07 19.54+1.21 0.698 0.500

2.2 FF LB
BEAEHBAMEET VR 4. rTMS 41 (P <

0.05), VR4 .+ TMS H B A R L&, Z 5 L5 1t
22 Y (P>>0.05), W3 2,
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Table 2 Comparison of treatment efficacy among the three groups [n( %) ]

451 % B3 % F R BA
rTMS 21 43 25(58.14) 9(20.93) 9(20.93) 34(79.07)
VR 4 43 23(53.49) 10(23.26) 10(23.26) 33(76.74)
AW 43 34(79.07) 7(16.28) 2(4.65) 41(95.35)
e 6.484
P 0.039

2.3 Bl FE AR b B 0.05) 3877 J5 rTMS 41, VR 4 SNAP-IV & # {45

VBIT G 3 4 SNAP- IV A B fin 4% 4k & 15 43 Je S5
PUE TR AT, BB AT rTMS 41 . VR 41 (P << 0.05), WL.3% 3.

xR 3 ZHBITHIE SNAP- VR EIES LB (x £ 5)

HERERF oy Ko o W B, 25 S R gt it

FE N (P>

Table 3 Comparison of SNAP-IV parent version scores before and after treatment among the three groups (x £s)

I [ 2 51 1%k 23/ ) POV E) TE R BRI By
HITHT rTMS 41 43 1.3340.32 1.2540.35 1.6840.38 4.26+0.79
VR 4 43 1.3140.30 1.3040.37 1.7140.41 4.3240.86
U] 43 1.29+0.31 1.2840.36 1.6540.33 1.2240.75

F 0.179 0.210 0.276 0.170

P 0.836 0.811 0.760 0.844
HIT R rTMS 41 43 0.85+0.20° 0.8340.18¢ 1.230.22° 2.91+0.36°
VR 41 43 0.89+0.23 0.854+0.19¢ 1.280.25° 3.0240.38"
B4 A 43 0.63+£0.12¢¢ 0.61=£0.11¢ 1.03£0.21% 2.274£0.27%¢

F 23.564 28.382 14.565 60.998

P <£0.001 <£0.001 <£0.001 <00.001

0 R 5 R VAT AT LB, P<<0.05; b 5 A i ] v TMS 20 48, P<<0.05; 3 5 R B Al VR 40 4, P<<0.05,

2.4 FEALE

WITIR 3 ALEIAEC AN BRI 4
B T G LI £ 425 1 0 O 5

x4 ZHBTFEMENCTERERK(x L)

Table 4 Comparison of NCT results before and after treatment among the three groups (x +s)

rTMS 41 . VR 41 (P <C0.05) 3897 J5 rTMS 41.VR
2H R % B gy RIS B RITR B B 2 R RS
N (P>0.05), W3 4,

it 1] 4 51 1511 % BURIE BULiT BUR TR oy
TRITHT rTMS 4 43 35.1244.87 1.2340.39 17.96+4.12 27.14+6.24
VR 4 43 34.7444.29 1.0940.31 18.1744.39 26.1746.03
A 4l 43 36.2845.06 1.1840.32 18.6644.47 28.24+7.14

F 1.226 1.852 0.296 1.096

P 0.297 0.161 0.744 0.338
RIT G rTMS 41 43 46.2144.12° 0.172420.05° 13.354-2.64° 44.1845.36"
VR 4 43 45.78 43,942 0.2140.06° 13.574£2.78% 43.2944.17¢
1A 4 43 56.38+5.35%¢ 0.060.01¢b¢ 7.12+2.06%¢ 49,635,097

F 75.972 125.532 91.332 21.101

P <0.001 <<0.001 <<0.001 <<0.001

0 5 R VAT AT LB, P<<0.05; b K 5 R i [E] v TMS 20 48 . P<<0.05; <k 5 E B A VR 40 4, P<<0.05,
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2.5 1T A BB L &
BITHTG 3 4 PSQ By 47 R U4y L 8, 2 57
G2 XL (P>0.05) , A4 EVE IR TI6)7

B, HECA 4T rTMS 41, VR 41 (P <0.05),
rTMS 4 VRAE L, ZR EFEiTx=E L (P>
0.05), L3 5,

k5 ZHEBFFEE PSQIESEEE (x5
Table 5 Comparison of PSQ scores before and after treatment among the three groups (x £ )
it 8] 451 1% AT ) 2 3 ) {5 AL B P -2 gl IR EAZIE T
BITET rTMS 4l 43 0.854-0.23 1.680.34 0.354:0.10 1.6840.31 0.794:0.24 1.4840.34
VR 24 43 0.8324-0.18 1.7240.36 0.384-0.12 1.65240.35 0.7540.21 1.4240.35
A 4l 43 0.862-0.24 1.6540.31 0.3974-0.11 1.7140.38 0.724:0.20 1.4620.38
F 0.211 0.466 1.532 0.320 1.123 0.315
P 0.810 0.629 0.220 0.727 0.329 0.731
BT R rTMS 4 43 0.74+0.23 1.0340.24 0.130.04 0.4340.12° 0.38+0.11% 0.95+0.30°
VR 4 43 0.760.26 1.1540.28¢ 0.124-0.03" 0.454-0.13* 0.414-0.12° 1.0320.32°
A4 43 0.72+0.21 0.610.14%b 0.0540.01%b¢ 0.21+0.06 0.1540.04¢b¢ 0.61+0.142>
F 0.314 66.656 94.269 65.547 92.886 30.262
P 0.732 <<0.001 <<0.001 <<0.001 <£0.001 <<0.001

0 5 R VAT AT LB . P<<0.05; b K 5 R[] r TMS 20 48 . P<<0.05; < 5 B A VR 48 4, P<<0.05,

2.6 MEEFREAFIE

V&7 3 41 BDNF .GDNF ¥ & F 18 Y7 8 - NSE

0.05),rTMS # . VR 43 ¥7 /5§ BDNF,GDNF,NSE

R REITFE XL (P>0.05), %6,

CTFia 97 Ar, HLIBE & 4148 b i B 5 O 3% (P <
xR 6

=4H34 47 B1J5 BDNF.GDNF bb& (x +5)

Table 6 Comparison of BDNF and GDNF levels before and after treatment among the three groups (x = s)

BDNF(ng/mL)

GDNF(pg/mL) NSE(ng/mL)

451 B

T R HIT IR HITHT T TR TR
rTMS 4 43 8.7842.36 12.16+2.64 456.25+64.58 557.68442.22° 29.324+6.74 25.41£2.14°
VR 41 43 9.0642.54 11.9841.89° 460.14£71.33 541.52+47.51¢ 30.144+7.06 26.19+2.38°
WA 43 9.24+2.60 16.1243.14%¢ 449.88458.98  654.36E61.79% 28.97+5.44 22.2541.75%¢
F 0.369 34.623 0.272 61.129 0.373 42.200
P 0.692 <£0.001 0.763 <£0.001 0.690 <£0.001

0 5 R VAT AT, P<<0.05; by 5 G i ] v TMS 2H . P<<0.05; < 5 [E B a] VR 20 4, P<<0.05,
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