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Effect of lower limb rehabilitation robot combined with rehabilitation
training on spinal cord injury-induced paraplegic patients

YANG Jie, WANG Fengshuang, PAN Huajie

(Rehabilitation Diagnosis and Treatment Center, Beijing Rehabilitation Hospital Affiliated to Capital Medical University,
Beijing 100144, China )

Abstract Objective: To explore the effect of lower limb rehabilitation robot combined with rehabilitation training on
bladder urethral function, balance and walking function in spinal cord injury-induced paraplegic patients. Methods: 100 spinal
cord injury-induced paraplegic patients who admitted to Beijing Rehabilitation Hospital Affiliated to Capital Medical University
from December 2022 to December 2023 were selected as the research subjects. They were randomly divided into the conirol
group and observation group using a random number table, with 50 cases in each group. The control group received rehabilitation
training, while the observation group were treated with lower limb rehabilitation robot combined with rehabilitation training. The

bladder urethral function (bladder volume, residual urine volume, maximum urination volume), urodynamic indicators such asd

KimHEE: 2024-05-22 RFAHHR: 2024-06-27

Received Date: 2024-05-22 Accepted Date: 2024-06-27

E&WE: BXRESHAITNIRAESH (2020YFC2004303 )

Foundation Item: National Key R & D Plan Project(2020YFC2004303)

BHEE: %A, Email. fmj198912028@163.com

Corresponding Author: YANG Jie, Email: fmj198912028@163.com

SIAENX: A, TR, BN, THRENSARSRENISN SERHBREESZHNZ0 J]. S AMISRE (PEX) ,
2024, 5(6) : 1094-1099.

Citation: YANG J, WANG F S, PAN H J. Effect of lower limb rehabilitation robot combined with rehabilitation training on spinal
cord injury-induced paraplegic patients[J]. Chinese Journal of Robotic Surgery, 2024, 5(6): 1094—1099.



AT TRURIAUE ATRS B 4R 2R B0 AR & 0 va

detrusor pressure (Pdet), bladder compliance (BC), bladder pressure (Pves), Berg balance scale (BBS), Fugl-Meyer assessment
of lower extremity (FMA-LE), and functional ambulation category (FAC) were compared between the two groups. Results:
Before training, there was no statistically significant difference in bladder urethral function between the two groups (P>0.05).
After training, bladder urethral function of the two groups was both improved compared with that before training, but the bladder
volume and maximum urination volume in the observation group were higher than those in the control group, while the residual
urine output in the observation group was less than that in the control group, and the differences were statistically significant
(P<0.05). Before training, there was no statistically significant difference in urodynamic indicators between the two groups
(P>0.05). After training, urodynamic indicators of the two groups were both improved compared with those before training, and
the observation group had lower Pdet and Pves than the control group, while the BC was higher in the observation group than that
in the control group, with statistical significance (P<0.05). Before training, there was no statistically significant difference in BBS
and FMA scores between the two groups (P>0.05). After training, BBS and FMA scores in the two groups were both improved
compared with those before training, and they were higher in the observation group than those in the control group, and the
differences were statistically significant (P<0.05). Before training, there was no statistically significant difference in FAC grading
between the two groups (P>0.05). After training, the FAC grading in the observation group was better than that in the control
group, and the difference was statistically significant (P<0.05). Conclusion: Application of lower limb rehabilitation robot
combined rehabilitation training in spinal cord injury-induced paraplegic patients can better improve their bladder and urethral
function, balance ability, and walking function.
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®1 FMHABE-MABLE (x5, n(%)]
Table 1 Comparison of general data between the two groups of patients [x s, n (%) ]

Bzt XHEE4H ( n=50) M2 ( n=50) x /A P&

el 0.386 0.534
% 30 (60.00) 33 (66.00)
S 20 (40.00) 17 (34.00)

T (%) 43.52 +6.20 44.10 +6.25 0.466 0.642

RN GESSitl 0.407 0.523
PERER 5 18 (136.00) 15 (130.00)
iEokskinkva) 20 (40.00) 22 (144.00)
ikt abval 12 (24.00) 13 (26.00)

wmE(A) 2.56+0.23 2.60+0.20 0.928 0.356

BUR A R e AT E, RIWTH
R YN 2R, OMRN B, B MR,
PR RN, BUER . . BT R
AT AR . @Bz gl X U I AT Tk
s sk, AT S AHmIE s 20 K, 23K/ K,
WO TR B ARG, NG R R, N
A I f K AR B Shyi . QRN B2 h
BRI . @RISR, MR R
PERAF I RS, 48 A Sk, iR RSk
30°, AR, B HIE 15%, SZ38m
2 90° Bin], 30 b/ ik, 2K/ Ko ®uliarl
Yo ZMNTINRIG , 27 BB AR R BUASLPEAR I,
Wbl S 2, WG BEME T TR 2% (i DR AT
AR ), MR S TR b, St 200 BT,
15380 1R, 2K R, #TCAIE, BRI
10°, WFEIHETIN 5 min, 78R 2 ATk B BT A
O©WFI . HEZRIN L, A5 B E A F LR, 48
SHATIEIE . HERUNZR, DASCERFIR IR .
1.2.1.2 EM CHREi)E 3~6 ™) « Ol
JiiE . a2 RBIHEE. ANU1390h 0 9,
Tiweshizsh; M9k 1~3 %, 17 £
B35 LSk 4~5 9%, 1rdiBlissh. Bk
g E R (RM ) 10, FR00GHH 500 ¢, 104~ /4,
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2B 2 4~ RM, BGhn#] &4 20 S6F, 1A
Zi, MR RM YIIZR, 20 380 /1K, 21k 1 K.
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PV, AR SHT . AR R AR,
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HEHBEMIRIE . OB R TEEH
FCIF ) A BR L T B e AG: D LA JB5 I P ) DR
@A BRI R,
EAR, EIE R AR R . @ f K HE IR
FEOMIORTEOLT . BB E D B A A 4
1.32 R AhFEE EISEE 25 M
Laborie JR 2l J12# A A7 AL ( 3 18 3 B2 7 AR AT BR
23], B GBS002 X & PR AU ( Detrusor
Muscle Pressure, Pdet) . & B0 ¥4 ( Bladder
Compliance, BC) . 52 bt J& ( Bladder Pressure,
Pves ) JEATINE

1.33 FEHESTHREE TILITE
IR AL S B SRE . P s s EhRE .
V-5 Py 6e: 1 Berg V- i % ( Berg Balance
Scale, BBS) ¥4k, FZAUFE 1445 H,
AIH 5 el (0~4 53 ) P4y, 0ARFRILILSE
i, 4 AERFTIE W SE L, S 0~56 77, 1550
w, PR b T, @ BEsdhaee: I
BB T Fugl-Meyer i2 8 JifiE 3% ( Fugl-Meyer
Assessment Scale of Lower Extremity, FMA-LE)
P, SRR T AR, 17 KH, A
H0~27r, B3 0~347, f3or#, Hikizs)
IResr .

1.3.4 HITIhEE T UIZRAT S 20 9 K% H 2 fg
M # F1 | 3 ( Functional Ambulation Category,
FAC) WEMALBF LT IEE. 0% BFHL
BATE, S 2 AREBY AT 190 WfE 1A
BELEHFE PN IF AR 2 S TR 1A
Sraf kR FATE; 3 9 RN HHEREE,

il

TE B FATE; 4 9% WAETHH a5k,
AV T AT B 5 9% nasrATE P
1.4 SGitEAE A BEEYR A SPSS 22.0 4k
PTG 0 b, THECROR AL (A3 )

[n (%) 3R, ITIESHRR . A6 ESMME,
HIEH T = 5, BFEAE 0 =40, Fl x5,

I 1 < T<5, DA = 40, HIELZK
ER x 2 A5, TR PRI £ AR (Rxs)
FIR, MRNIEZS ST R MO AEAS ¢ K5, dEIE
BB M (P25, P75) o8, 47 Mann-
Whitney U KiK. DL P<0.05 N 2254 G it L.

2 F#R

2.1 [ERtERIEThEE YRRy, WALERE R
HEIREHEE, 2RTIGIFE L (P>0.05) ;
g5, PIABAE A, H I SX A A,
WA BE A, R RHREE L, AR
PR, 2R A5 E X (P<0.05), 132,
2.2 REIAFERE JNgHT, WHBREIRS T
SRR LR, ZRIGIFE L (P>0.05) ;5 i
g5, P BE AU, B 5S5XT A A,
WS B Pdet, Pves Ik, BC H &, ZRA
GiiteEam X (P<0.05) , W3 3.

2.3 FEIhEESTHEEHINEE JIgkar, mda
B4 BBS. FMA-LE iF4rth#, ZRTRiT#E
S (P>0.05) ;5 gk, PI4LBRETF IR,
HEX ML, WP E R, 254
GiiteEE X (P<0.05) , W 4,

2.4 WiThee  UIZT, PR FAC 509
BLHAES, ZRITGITEE L (P>0.05) 5 45,
WMELH B E D IE M e A, 2SR ESIH
#E Y (P<0.05) , WS,

®2 MABEBEMKRKENRELLE (x+s, mL)
Table 2 Comparison of bladder urethral function between the two groups of patients (x+s, mL)

BB 4A ( n=50) ME2H ( n=50)
fetxr — tHE P&
YIZRRT V3= VIIEz%m) V3=
BEMEE 215.65 + 36.45 348.50 + 40.50° 218.50 + 35.95 418.95 + 42.35° 8.501 <0.001
HAIRE 130.15 + 30.20 90.60 + 15.35° 131.85 + 31.60 60.45 + 14.20° 10.195 <0.001
wAHIRE 140.45 +30.35 225.40 +17.60° 141.95+31.20 334.90 +20.12° 28.965 <0.001

T SAREYIZRAT AL, "P<0.001
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AR o AR B — B R A 22 45
PRI, REAERIG B2 80 1, MG i LAERE
Xt IR G2 8l I A E 2T g gm0,
RS LA AT B R A U i il
HHEA BN R IR EA —E Tt
1994 4, Lokomat BEHHFIMEE AT . Hlas A
HEBICAEES , T TR H B g A
AT RASERK ™. 2017 43 A, hEEAT
AN EHEHLAR A Fourier X1, 2018 4F, [E NI
AR I e A 2 B N S8 BT I PR
IR E LG AN GE R 6 7 AT T A RN
7o, ARAE T O RREii B A, LR
T O E A TR AL . R R . BN
CF B RS Mg A PRI % G310 ) M 45

=3

TBRE LA NH B SN LR, RESGE T )
e HRIzZh B3 PATEE | i T) S PR RE T

oA N HGE TR B LA AT
Fr I REREAT L T BN Z PR, mlE
A A, mREVE RISk AU
BoR, ke, P REBEDEIRIEIIGE. IR3)
TR UGS, WS HUGEE R, %
SAGIEES (P<0.05) , KUITHERERE LA
NIRE AN S RE A A (9 B I PROE D BE
AT O BN S, a0 R E TS |
WL B e s, REMEHRRALEE . IRULEE
5 EAG 29 LA WURE 75 21 7870 RO W4, 22 B 4
S NETYE, T AT AR AR 2 IR A% o 2200
(4 2y B AEL, T R0 o DR LA 1 i
O IR B S AR S BE . RS B4R

FABERINNFIEIRLE (X £5)

Table 3 Comparison of urodynamic indicators between the two groups of patients (x s )

] BB (n=50) TELR (=50 )
147 — \ — \ tE P&
VET VEI= NERT NE3=
Pdet ( cmH,0 ) 54.12 +6.68 46.10+7.10° 54.20 +6.60 40.20 + 6.80° 4.244 <0.001
BC ( mL/cmH,0 ) 2.35+0.42 3.70 +0.60° 2.40+0.45 4.45 +0.65° 5.8k <0.001
Pves ( cmH,0 ) 68.12+10.30 57.65 +8.20° 68.20+10.28 45.20 +7.25° 8.043 <0.001

W HARAINGRTIEL, "P<0.001

Fk4 WHEBETEINEE., TEIEHIIEELLE (X5, &)
Table 4 Comparison of balance function and lower limb motor function between the two groups of patients( x +s,

score )
XTHE4H (n=50) ME=AH (n=50)
b=t - = tE P{E
YIZRET Y% E YIZRET YIZRE
BBS 14.35+3.30 20.15 +4.65° 14.40+3.28 35.20+5.10° 15.419 <0.001
FMA-LE 8.20+2.10 15.60 + 3.25° 8.22+2.08 20.25 + 3.30° 7.099 <0.001
e SAGIIZRTHE, "P<0.001
x5 WHBETITIEELLE N (%) ]
Table 5 Comparison of walking function between the two groups of patients [n ( % ) ]
Y ZRaT Y45
A3l
04 1 4% 2R 3% 4 K 5% 0% 1 4% 2 4R 3% 4 R 5 R
POgiicEE] 12 18 13 6 1 0 9 14 15 7 4 1
(n=50) (24.00) (36.00) (26.00) (12.00) (2.00) (0.00) (18.00) (28.00) (30.00) (14.00) (8.00) (2.00)
X E2LR 14 16 14 4 2 0 B 7 9 13 14 2
(n=50) (28.00) (32.00) (28.00) (8.00) (4.00) (0.00) (10.00) (14.00) (18.00) (26.00) (28.00) (4.00)
z{& 0.041 -3.200
P& 0.966 0.001
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