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Effect of intelligent robot-assisted gait simulation training combined
with respiratory training on stroke patients

LI Ningyuan, ZHANG Yu, LIU Li, ZHANG Lingling, GAO Liming, YANG Wenjie

(Department of Rehabilitation Medicine, the Affiliated Brain Hospital of Nanjing Medical University, Nanjing 210000, China)

Abstract  Objective: To analyze the effect of combining intelligent robot-assisted gait simulation training with respiratory training on lower
limb motor function and activities of daily living (ADL) in stroke patients. Methods: 120 stroke patients who were treated at the Department
of Rehabilitation Medicine, the Affiliated Brain Hospital of Nanjing Medical University from January 2022 to January 2024 were enrolled.
They were randomly divided into the respiratory training group (n= 40), robot-assisted group (n= 40), and combined training group (n=40).
All patients received conventional rehabilitation therapy. The respiratory training group underwent respiratory training, the robot-assisted
group received intelligent robot-assisted gait simulation training, and the combined training group were given intelligent robot-assisted gait
simulation training combined with respiratory training. Outcomes were assessed using the Fugl-Meyer assessment for lower extremity (FMA-
LE), Berg balance scale (BBS), gait parameters, and ADL scores. Results: Afier 8 weeks of treatment, improvements in FMA-LE, BBS, gait
parameters, and ADL scores were found in all the three groups of patients, with the following ranking of respiratory training group < robot-
assisted group < combined training group (P<0.05). Significant interaction effects between timepoints and groups were observed for FMA-LE,
BBS, gait parameters, and ADL scores (P<0.05). Conclusion: Compared to standalone respiratory training or robot-assisted gait simulation
training, the combined approach can more effectively enhance lower limb motor function, and ADL capability in stroke patients.
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1273 —“HIHRMEREEIRIT IS, RE
P AT 5 A IR PR AR, B Ak T DO RE A,
TE B B BB AR R, AR R B AE M
MEPIE L, A, 1B BT EH 1 IR
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Ak . OGRS M I DA K S e T 1 T Bk
WEZIN 2 BRINZREHE R 60 min, REJEHHIT 5 d,
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W2 20 76 B R SR T 5 58 ) Sl 1 25 5 WP
Yk WFRIIZEEZA TR BT . I LR AL |
IR LR K B ) R 035 s B 2 T o 4 S P T 5 P WU
BTN, BRREFSE 3 min, AFH 2 K. AR
] smALREIR AL, 45K 5 min, BEH 3. IRV
BUMEMA LA, FRESBCETAE (M 1 kg BHHE £
3 kg) #ATHENPER, BRR S min, AEH 3K, MIER
YIGRBUM MY, F2REe e, FE S 5 AR L
M, 48RS URIEN, WSOmBE, PR 4,
FERAIER 1 min, BEH 15 W YIZRiTRIFRS: 8 JH.

B REML AR N ALTEH R B2 IR 9T 7 R M Al
454 Flexbot-s B REALER AL BB ZR. IRY7RI,
FRE N GORS R RS R K, IR g REIR YT
FRIFEFI, WG IAS . A, A
B2 3 JH LA L, A s R R A
i MRCUISUR LN - DNARIN e N e
B, VRS ST B, WE 0N 35 45 1 v, IR
35 em, HEBERLETLLL 80%, V8 LAk R IR Y
40% (& 1) o Flexbot-s F RENL &% NBEUEARIE
ST R A SRR AL SR S8, R B e fE
WU E Y, AR IS S RV IEIRYTF IR
BRI, 1097 ENALR ST 22 & My

F1 ZHBEMEBLE [x+5,n(%)]

Table 1 Comparison of general data among the three groups of patients [x s, n (% ) ]

Eicto IFIR4E ( n=40) SOEEHIBS A ( n=40) EXS4E (n=40) Flx*1& P&

FiR (%) 65.70 +6.05 65.35+6.23 65.49 +6.09 0.036 0.965
3 23 (57.50) 24 (60.00) 22 (55.00 )

45 0.205 0.903
= 17 (42.50) 16 (40.00) 18 (45.00)

BMI ( kg/m?) 22.20+2.07 22.08+2.03 22.09+2.11 0.046 0.956

&z (d) 35.28 +6.76 35.78 +6.89 34.90 + 6.99 0.162 0.850
M 18 (45.00) 20 (50.00) 21 (52.50)

i R 0.467 0.792
Him 22 (55.00) 20 (50.00) 19 (47.50)
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Figure 1 Schematic diagram of intelligent robot-assisted
gait simulation training
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QLEZSE: TIRITHIFEYT 8 JilJ5 K H Flexbot-s
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HHEAEENRETT, 53R e MO R
RTS8 M7 4 Fo KAYH 100 43, 43 H0H
PR R ) H R AR TE TG S RE i

1.4 53t ZF 75 R H SPSS 22.0 J 4 A7 45 1124
3hre THECEHE LIEIEL CE ) [0 (%) 130K,
i x P B THEBIRIEA S-w AR FINNE A, 2
A IES A W R = prifE2E (Rxs) FOR,
17 ¢ K B ml i A W o g 26 40 A, S N LSRR
LSD ;. AFFE IERS AR U505 (M (P25,
P75) 1R, 11 ZK 5. L P<0.05 RRZEFASR
K 38

2 #R
2.1 FMA-LE ¥4 JRITRT =48 FMA-LE PF4r 1
B, ZRIGEIFEL (P>0.05) . (97 8 HE,
Y1 EH FMA-LE P33T R, B AL < B REL
N <BRAH, ZRBAGIEX (P<0.05) ;
FMA-LE 7ER SOFA 0 FAAECHARN, 2% H A
Giitefm X (P<0.05) , W2,
2.2 BBS T4 AITHI =4HHE BBS WA HLEE, 2
BTG E X (P>0.05) . EIF 8 G, —4dm
H BBS TP, HAFIRAL < FREHLES AL < Bk
G, ERAASIE L (P<0.05) ;5 BBS 41
®2 =/HHEHEFMALEFHEEE (x+s5)

Table 2 Comparison of FMA-LE scores among the three
groups of patients (x s )

e IR 0K 4H ZEEN 2 AA BEH
(n=40) (n=40) (n=40)
JBTTE 18.03+2.85  18.38+2.69  18.15+2.84
877 8AE  23.60+3.24° 2568+£3.45° 27.53+3.44%
Fi& Fuw=7.877, Fy-=380.162, Fxy=8.340
P& Pig=0.001, Py.<0.001, Pys<0.001

W HIBITHIALL, ‘P<0.05; SMEGAHAREL, "P<0.05; S AEHLIS
N4, “P<0.05
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FERT SSRZ FAEESC HAEH, ZR A% %R
X (P<0.05) , W% 3,
23HESH BTN AR ELESS UL, 25
TGt L (P>0.05 ) 3097 8 i G , 4l H LK.
g, R TR, BRI < FREVLAE A
H<BeAdl, ZRERSITFE L (P<0.05); FK.
HgE . A AR SR EAETESC HARE,
ZERHEASIFE L (P<0.05) , WLk 4.
2.4 ADL ¥4y JRITHI =418 ADL PF4r g, 2
LGB X (P>0.05) o GIT 8 )G, =4
FH ADL V9T Er, EWIRAL < R RepLas A4l < Bk
%3 ZHBEBBSENLE (r£s5)

Table 3 Comparison of BBS scores among the three
groups of patients (x =5 )

jekn 0% 28 LS AA BG4
(n=40) (n=40) (n=40)
SBIT R 26.73+3.95 26.93+3.74 27.10 +3.60
7877 8AJE  30.25+3.03° 33.38+3.58°  38.40+3.39"°
Fi& Fun=25.920, Fy.=272.385, F.5=27.841
P& Pui5<0.001, Py <0.001, Psx<0.001

e HIBFRIALL, "P<0.05; SMERAIML, "P<0.05; S5 EEHLE
NAHHEE, ©P<0.05

G, ZRAAGITHE L (P<0.05) ; ADL 43
FERE S AL EAFE S HAEA, 2R AT E
X (P<0.05) , WS,

3 it
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ML BR22 I A Jie R REAL e A2 A LI R )
IR 1A il 4 v A IR T TR L IR
TEMFTN A, PS5 REAS 35 1 o F A A B A5k
R, FEREAEUCEIZ SRR . P HRE AN H T
WEshRe ) " Park Y H AN BRI, 07
W R REAE 3 i RO O LR 2, 3 B IR
SETE, I B TS UIZRAA L T i ZHANG
Y TAEAN R, B RENL S AL S il ik
BRRADE A, ek A 2 UL DA ) TR I A iR
PIE ARG A, SRS T E R s . R
ORI 22 (Y [ BT FE T 4 DG TE A M LA A AL 251
NGRS VRN SRR A P A P EOAE R, RARDHKE

x4 ZHBESTSHILE (x+5)
Table 4 Comparison of gait parameters among three groups of patients (x s )
= IFIR4H ( n=40) SHEAEAA (n=40) BEE4H (n=40)
JBIT R 23.55+5.82 23.565+5.78 23.68+5.85
s6fr 8 Ala 29.23 +5.95° 34.18+6.14® 38.15 +5.95%
$K (ecm)
Fi& Fuig=10.985, Fy.=192.677, F.x=11.871
P& P.5<0.001, Py <0.001, Pz <0.001
=pad:T) 10.23 +2.06 10.25 +2.28 10.256+2.17
6fr 8 Ala 13.38 +3.37° 15.26 +3.51% 19.30 +4.17*°
3 (cm)
Fi& Fuig=25.584, Fy==218.002, F,z=20.130
P{&E Pz <0.001, Pgs<0.001, Pys<0.001
SBTT R 1.09+0.10 1.08 £0.09 1.10+0.10
J6f7 8 Ala 1.26 +0.09" 1.38+0.09% 1.61+0.10°°
T (/)
F1& Fug=74.891, Fy.=632.622, F,x=64.695
P{& Pz <0.001, Pgs<0.001, Pys<0.001
=y adT] 24.11+5.22 23.93+4.99 24.19 +5.09
877 8 AfE 28.30 + 4.28° 31.51+4.61" 37.44 £4.22°°
s
$I&E (cm/s )
F& Fuig=20.419, Fy,.=178.195, Fsx=17.906
P& Pz <0.001, Pys<0.001, Pys<0.001

TE: SIRITETMILL, "P<0.05; SRPIRAIAALL, "P<0.05; SEEEHLAE ALLAMLL, ‘P<0.05
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Table 5 Comparison of ADL scores among the three
groups of patients (x =5 )

sk 0 0% 20 HEE S AE BE4
(n=40) (n=40) (n=40)
JEIT R 56.68+7.87  57.03+8.07 56.88 +8.01
7877 8 @G 65.30+7.19° 70.15+7.44®  75.05+7.00°°
Fi& Fin=8811, Fy.=178.388, Fu5=7.663
P& P45 <0.001, Py=<0.001, Pys=0.001
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