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Study on the eff'ect of upper limb rehabilitation robot combined with VR
training on the postoperative recovery of severe traumatic brain injury
patients and the mediating effect on daily behavior

WANG Tingting', LIN Jielu', LI Jing’, YANG Fang’
(1.Intensive Care Department of Yan’an Traditional Chinese Medicine Hospital, Yan’an 716000, China; 2.Department of Critical
Care Medicine, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an 710061, China; 3.0perating Room,
the Affiliated Hospital of Northwest University/Xi’an Third Hospital, Xi’an 710021, China)

Abstract Objective: To investigate the improvement of activities of daily living (ADLs), cognitive function, and limh
function in patients with severe traumatic brain injury (sTBI) who underwent upper limb rehabilitation robot training(ULRRT)
combined with virtual reality (VR) interactive intervention after decompressive craniectomy (DC). Meanwhile, to explore the
mediating effects of cognitive and neurological functions on the relationship between limb function and ADLs based on the
Cognitive Behavioral Theory. Methods: Clinical data of 92 sTBI patients who were treated in the First Affiliated Hospital of
Xi’an Jiaotong University from January 2019 to June 2023 was retrospectively analyzed. The patients were divided into the
robot group (n=32), VR group (n=26) and joint group (n=34) according to different intervention ways. The robot group received
conventional intervention + upper limb robot intervention, the VR group received conventional intervention + VR interactive
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intervention, while the joint group received upper limb robot training intervention + VR interactive intervention on the basis of
conventional intervention. The national institutes of health stroke scale (NIHSS), mini-mental state examination (MMSE), Fugl-
Meyer assessment of the upper extremity (FMA-UE) and ADL scale were used to evaluate and compare the degree of neurological
deficits, cognitive function, upper limb function and ADLs of patients in the three groups. Results: After intervention, the
MMSE, FMA-UE and ADL scores of the joint group were higher than those of the robot group and VR group (P<0.05), while
the NIHSS of the joint group was lower than that of the robot group and VR group (P<0.05). The ADLs is positively correlated
with MMSE and FMA-UE, and negatively correlated with NIHSS (P<0.05). The changes in ADL scale were influenced by FMA-
UE, NIHSS and MMSE. NIHSS and MMSE play a fully mediating role in the relationship between FMA-UE and ADL scale.
Conclusion: The combination of upper limb rehabilitation robot combined with VR interactive intervention has a positive effect
on the postoperative recovery of sTBI patients, which can improve patients’ upper limb motor function, cognitive function, and

ultimately enhance their quality of life.
Key words
Reality Interactive Intervention; Upper Limb Function
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F1 ZHEEN—MEMERE [x+s, n(%)]
Table 1 Comparison of general data among the three groups of patients [x+s, n (% ) ]
EfR MEBAA (n=32) VR4 (n=26) BE&4A (n=34) 2ift(n=92) y’tA P&

%« 17 (53.13) 13 (50.00) 13 (38.24) 43 (46.74)
4 1) 1.623  0.444

3] 15 (46.88) 13 (50.00) 21 (61.76) 49 (53.26)

B 7 (21.88) 3(11.54) 6(17.65) 16 (17.39)

BB 11 (34.38) 14 (53.85) 8 (2353) 33 (35.87)
WEBAL 7.167  0.306

AR 9(2813) 5(19.23) 14 (41.18) 28 (30.43)

D 5 (15.63) 4 (15.38) 6(17.65) 15 (16.30)

15 6(18.75) 6 (23.08) 10 (29.41) 22 (23.91)

B A& MR 11 (34.38) 10 (38.46) 9 (26.47) 30 (32.61)
wmHE 4.845 0.564

Fi A I A 6(18.75) 7(26.92) 10 (29.41) 23 (25.00)

Hith 9(2813) 3(11.54) 5(14.71) 17 (18.48)
FE (%) 55.69 + 13.38 58.60 + 14.45 53.56 + 14.03 55.70+13.92 0.927 0.400
FIRE (cm?) 91.09+20.76 101.15 £ 23.82 98.00 +24.74 96.49+23.28 1.468 0.236
BMI ( kg/m®) 23.32+2.25 23.13+1.99 22.51+2.13 2297+214  1.308 0.276
NIHSS ( 43 ) 27.84 +4.30 26.92+5.18 27.29+5.24 27.38+4.87 026 0.771
MMSE ( %) 14.84 +1.37 15.23+1.11 15.03+ 1.42 15.02+1.32 0.615 0.543
1.3.2 VRA TEFMINGIEM E50 VR B Dheesishlil i, UL ULRRT A, BIHEF4
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0~30 73, ZrEUE RN REBLF. @ FIK
DRk B RGE sh e FE R ™ (Fugl-Meyer
Assessment of the Upper Extremity, FMA-UE ) {7
VAR, A4S 33 A b i g Bt v i A2 B A DG
&H, B0, 1, 2315, 00 W5 R ARRESE
B, 290 R ASEOE ST, 10 T F Z 10l
Y 0~66 73, Rl , 2o FINRELT
@ HH AR AR H R A TE e R
( Activity of Daily Living Scale, ADL) , {flfEUnik
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IR 5 9, 5T 100 43
1.6 GEitEHiE R SPSS 26.0 Geil2A4k it
TR GEr, F5 8 IS T TR TR
PR = pRiEZE (xxs) 2R, ZULRIERAT %
IIHTIELL LDS- AT 2 H AL THESTRHT %L
(EE) [n (%) 135, 17y K. P<0.05
HESAGE 7 Lo

xR2

2 #Z#HR
+ WAy, — 41 & NIHSS, MMSE, FMA-
UE. ADL P43 bbAs, 2257 egtit# = L (P>0.05) .
THij5, MMSE. FMA-UE P33 MBS 4H >VR
2 > Hlds A4l (P<0.05) , ADL RICNELS 4 >
HLES N4H >VR 4H (P<0.05) , 1fif NIHSS $F2r 271
HERGH < HLES A <VR 4, ZRASGIFEX
(P<0.05) , W% 2. ADL 5 MMSE. FMA-UE Jy
IEAHRKR, 5 NIHSS BHMHKER, ZHES
2R L (P<0.05) , W 1. DL ADLAE N FAS &,
DL FMA-UE, NIHSS. MMSE £ [ 7285 EF 14k 1
BT, 258K, R EM 0638, FI %A
FIFLE BERT, ADL [9781k5Z FMA-UE, NIHSS,
MMSE 520 ( W4 3) o 78 ULRRT B VR ¢
BB, KB AT AR, s H
WG AT I ADL M IR AS B Y, DU R A
TIRER FMA-UE & B A48 & X, DA AT aEnd

ZHABEWEIIRE, INIhEE. ERThEE. BEEERENLE (x£5)

Table 2 Comparison of neurological function, cognitive function, upper limb function and ADLs among the three
groups of patients (x =5 )

3 NIHSS (43 ) MMSE ( 4 ) FMA-UE ( 43 ) ADL ( &)
A
TFHET FiE TFHET FiE TFHaT FiE FHET T
GIEYNE| 27.84 + 12.38+ 14.84 + 12.09 + 36.59 + 41.97 + 59.38 + 78.53 +
(n=32) 4.30 1.76° 1.37 1.09° 4.07 3.33° 4.06 5.42°
VR 4 26.92 + 15.12 + 15.23 + 13.92 + 34.19 + 43.46 + 58.85 + 74.38 +
(n=26) 5.18 1.77* 1.11 1.23% 3.36 3.58% 4.53 3.93"
BAH 27.29+ 891+ 15.03 + 20.06 + 35.18+ 51.32+ 58.79 + 94.65 +
(n=34) 5.24 2.69%° 1.42 3.52° 3.79 4.31%° 3.68 4.82°°
Fia 0.260 62.462 0.615 104.927 2.984 57.469 0.198 154.637
P& 0.771 <0.001 0.543 <0.001 0.056 <0.001 0.821 <0.001
¥ 5THRIAHL, 'P<0.05; SHLEE AL, "P<0.05; 5 VR 4AHH, P<0.05
*3 &£MHEOASH
Table 3 Linear regression analysis
|27 2854 L RE HELE IS HT
I B — tE P&
Bf& fRAEIR BE VIF ARE
B 69.730 7.496 — 9.303 0.000 — —
NIHSS -1.174 0.230 -0.385 -5.102 0.000 1.385 0.722
MMSE 0.997 0.212 0.419 4.713 0.000 1.918 0.521
FMA-UE 0.262 0.155 0.147 1.696 0.093 1.840 0.544
R* & 0.638
Fi& 51.751
P& 0.000
D-w1g 1.947
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Mmmu&ﬁiﬁxm ERY NIHSS 1E R Hh 28 5

AN R AR ST K 4
Aﬁﬂ,ﬁﬂwFAm4m%m%wmr
UE; NIHSS=24.199-0.269 x FMA-UE; MMSE=
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WOV AE BBV a FIb B, Hoe A,
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I05
1.0

N A 5E4Fr . X FRTE FMA-UE Xt ADL B9 5
i 2 22 NIHSS MMSE & 2 5¢ 4 H A i VE I (UL
F6~7)

3 itie

AFgEh, THUG =418 % ADL P& M
FEEE A > HLEs A4 SVR 41, 1 NIHSS 343
Y Z M, FMA-UE, MMSE 4> R8N B &
20 >VR 4 > HLas A4, X3RH ULRRT & VR
L H. AL sTBI 28 DC Ji Xof £ 5 4 i 42 38 HLAR
B R bR ML A T AR B R B ELAE
B, HE ARG, R BALEE A
Wi, Fshskh Bl s sh Il gk, 1 Bh R K
2 ERREshThae M VR N ERFE IR ALY
s, uiﬁrmﬁzﬁmm%ﬁfiﬁi TNPAT,
PRI BR . [FIEE, VR A% & A

B WS R s AE Z R, A B TR A A
° ¢ o HURUEATEE 1 ", B4, ULRRT BXG VR &8
N $< HFHAA M EANE M AL, DILas
< NN Ak i RS BEIRAT . LA 3 35
B 1 HEEMRE S E EWEEshME, UBRE Hir A Sm, NiE
Figure 1 Correlation heatmap BRI, M EE . RIS T RS
x4 HAWBF KA ADL #1 NIHSS %5
Table 4 Mediating effect model between ADL and NIHSS score
ADL NIHSS
£t - -
B&E FRETR tE P& BlE BE FRER tE P{E BlE
B 34.419 6.919 4.974  <0.001 24.199 2515 9.620 <0.001 —
FMA-UE 1.066 0.150 7.120  <0.001  0.600 -0.269 0.054 -4.938  <0.001 -0.462
R’ & 0.360 0.213
Fi& 50.696 24.388
P& <0.001 <0.001
x5 HNPMHRA MMSE #1 ADL ##5!
Table 5 Mediating effect model between MMSE and ADL score
MMSE ADL
Bt
BfE FRAETR tE P& Bf&E FRAETR tE P{E BE
B -6.912 2.737 -2.526 0.013 69.730 7.496 9.303 <0.001 —
FMA-UE 0.490 0.059 8.272 <0.001  0.657 0.262 0.155 1.696 0.093 0.147
NIHSS -1.174 0.230 -5.102  <0.001  -0.385
MMSE 0.997 0.212 4.713 <0.001 0.419
R & 0.432 0.638
Fi& 68.423 51.751
P& <0.001 <0.001
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®6 HMMERKRE

PR L

Table 6 Process of mediating effect testing

95% CI

U= NS =94 HMNE Z/tE P& e
TR ER
FMA-UE — NIHSS — ADL a*b BN 0.316 0.103  0.268 7.471 0.000
FMA-UE — NIHSS a X— M -0.269 -0376 -0.162 -4.938 0.000
NIHSS — ADL b M—Y -1.174  -1626 -0.723 -5.102 0.000 TP
FMA-UE — ADL c’ HEMN 0.262 -0.041  0.565 1.696 0.093
FMA-UE — ADL c B 1.066 0.773  1.360 7.120 0.000
FMA-UE — MMSE — ADL a*b [B) 3R 0.489 0.157  0.403 7.797 0.000
FMA-UE — MMSE a X— M 0.490 0.374  0.606 8.272 0.000
MMSE — ADL b M—Y 0.997 0.582 1.412 4.713 0.000 ELHN
FMA-UE — ADL ol BHEMN 0.262 -0.041  0.565 1.696 0.093
FMA-UE — ADL @ BN 1.066 0.773  1.360 7.120 0.000

R7 PMMEARBERILE
Table 7 Summary of mediation test results

AE FMA- FMA-
UE—NIHSS—ADL UE—MMSE—ADL

c 1.066° 1.066"

a -0.269" 0.490°

b -1.174° 0.997°

a*b P UNE 0.316 0.489

a*bBootSE 0.042 0.063

a*b Z1& 7.471 7.797

a*b P& 0.000 0.000
a;k;:gj" 0.103~0.268 0.157~0.403

c’ 0.262 0.262

SILER EEPT EEP

. “P<0.05; "P<0.01
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ULRRT B4 VR 32 5T X}t F sTBI £ DC 677
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Wz sh UiRe . $EmARIFUBAIRE ) . (e bt Ag
HA R G R o A T R IR X A T
PR 3 T A R SR A 1k

£ ULRRT B & VR &2 B F 1 F, BB
SCAKHE, STBI YA S i 5 H SRR ThEE . A
HIRE. MATNRESFH UM, Mk, AW
IPEAL H 8 A£G $UT 7109 ADL AR IR As 5, LA
FMA-UE. NIHSS. MMSE 1E J} H 75 &, #it4
T T S RN BE AT RE L M IIRER S R
2zt B g 75, FMA-UE. NIHSS. MMSE %} ADL A
S FMA-UE J& 3P4 sTBI H 351z sh I e 45 br
SO FoRis sh I Re . [RIAE, AH OGRS
Mras R E7n, FMA-UE 5 ADL b iE A& HAEZ
= A g FAEm 2, B RE & FMA-UE
SRS, ADL AN FE R, X ERIHEH
iz ek & sy, HH W AEE SR Jd
AR . NIHSS 3P4 sTBI & 4 2 e 2 40
JREARE AR, 5 EUE R L T RE sz
BT, NTHSS 5 ADL b 17 AH 56 B 78 2 [|1 15
St JE T s, BIBEE NIHSS 2050 R,
ADL FFt. #7522, STBI & p i 24 D e &
R, HH W ATE S shRE ) BORERSHE . MMSE J&
AL sTBI B A RITIRE TG bR, 40 B0 R
INFN D REBE AF . AH OG0, MMSE 5 ADL
FIFHE R BN 0.662, JETHIEIEMKEKER, £
B MMSE T} 5457 3 ADL 9T+, [ 2 IR8K,
VR RIS 25 Ut A ] G 6 45 R 3 1 A T TR
HHINAIER . FEIIREETIA G, HXF =
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AR IR ERE T, AR HFFERE MMSE
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