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cord injury, ISCI) & 476 SIS, K 16 6] ISCI 35 BEVLAT B 25 B2 (R I6YT + M AT 45) JRsed (5
HEREIRYT + RAGT). Rl IIAIT 4 . 8 Jl. 12 FJG, /T N HE 3 HIBE1T /> (Low extremity motor score, LEMS)
KB BERVS AT 6%k 1T (Walking index for spinal cord injury II, WISCI II) $¥5&. VAITIE, PidleE LEMS W (P <
0.05), {HiEa 4] LEMS 5xF M4 25 BTG5 X (P > 0.05). %t B 20677 J5 4 B8] 5 WISCI 1T #8047 ETik s (P
< 0.05), RIEAAEIARIT 8 Ji Ik 12 A Jg WISCIII BHAITHIEE (P < 0.05), {Hif{Zn2l WISCI IT #Eilll 2k 12 A58 IR 41A i
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Effect of Robot-assisted Gait Training on Walking Ability in Patients with
Incomplete Spinal Cord Injury
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Abstract
incomplete spinal cord injury (ISCI), 16 patients were randomly grouped into either the control group receiving conven-

In order to determine the effect of robot-assisted gait training (RAGT) on walking ability in patients with

tional rehabilitation and over-ground training or the test group receiving conventional rehabilitation and RAGT. Low
extremity motor score (LEMS) and walking index for spinal cord injury II (WISCI II) were evaluated before treatment
and after 4-week, 8-week and 12-week treatment, respectively. Both the LEMS in the two groups significantly increased
after 4-week, 8-week and 12-week treatment (P < 0.05), but no significant differences were found between the two groups
(P > 0.05). The WISCI II in control group were significantly improved after 4-week, 8-week and 12-week treatment (P <
0.05), while the values for WISCI II in test group were significantly improved after 8-week and 12-week treatment (P <
0.05). But only after 12-week treatment, the WISCI II in test group was significantly greater than that in control group
(P < 0.05). In conclusion, RAGT might be not superior in improvement of muscle strength, but be superior in increase

of walking ability when compared to over-ground training.
Key words Robot-assisted gait training (RAGT), over-ground training, spinal cord injury (SCI), walking ability

Citation Lin Hai-Dan, Zhang Tao, Chen Qing, Li Hong-Wei, Bai Ding-Qun. Effect of robot-assisted gait training on
walking ability in patients with incomplete spinal cord injury. Acta Automatica Sinica, 2016, 42(12): 1832—1838

AR5 (Spinal cord injury, SCI) J2—3¢n] R, /" HEPMEE N AFMIINE. P, K

5 | HEL I A 3 1 2 B R Y 1 2 R G i A Mg, H
AT BE T A ik Ok B2 RO T B 12 2 U RE R

ke H#1 2016-02-27 A H# 2016-08-15

Manuscript received February 27, 2016; accepted August 15,
2016

TR BRI E (cstc2015jcsf10012) %)

Supported by Integrated Demonstration Project of Chongqing
(cstc2015jcsf10012)

AXTHERE LR

Recommended by Associate Editor WANG Wei-Qun

1. HRERIAEM R — PEBE R BR2f A} EIK 400016

1. Department of Rehabilitation Medicine, the First Affiliated
Hospital of Chongqing Medical University, Chongqing 400016

AT g SCL R EE N2 —M. mAril
oW E AT e ny EBRRE k. MR, B
T UNGR) K EAE T I i Be R R AU B R T B
B, IR IR B AR B E A AN e S 2. 4 nt
X — e, WE il Zk (Body weight supported
treadmill training, BWSTT) # T SCI &/
AT NG AR FEATLG B ER S Meta, 431 A& R
Yol - M 2 T R e S BE I R AT g BT
SR, #EAT BWSTT B, BSRnl &Il E R4
Xt B E BT AR E SR, (HAES AT I a2 2 ~



1244

MEFEEE: HESRALE B AT I GRS A 5 VAT BB 107 S8 AP AT RE T (R 52 1833

3 ANVRYT IS B K. R B AT A B, Sl
Yyt R rp JCIE BRI AN AT T 0 e g A — 2
BT Bk s, BRI T BWSTT pylmRM . 10t
20 i b TR A6 AT U G AN URT B8 35 12 Bl g ) R B
] B A AEXE AT AL R 8 ) M AT B . o
TGS IAE AT I 2 i B A D) 573, [l
B E R A 1 IR AL S AT NG, P RURE
LS NBZ A Y . K I AR e % B0 1 B
EHles NaB A 17145 (Robot-assisted gait train-
ing, RAGT) 2= A 5e A §iPifi (Incomplete
spinal cord injury, ISCI) & RIAATHE ST AT H
JE . A B0 HX iR G £ o B S R AR
B, G = Gt o, BEYLS IR D, Rk 2
FRTEREA BN RS B TR Meta 4347 I 5
ST R, BTz 2 IGKIES, RAGT
Xt SCI & A7 HE 7 O RCR v Aty g 7 17180,
I, 2B A B aE o FE AL BT RAGT % ISCI
BE AT RE ST 2.

i H AT RAGT iR, 7exf ISCIL & & it
T AT RE ST TP I, IR AETE 3 R P A5 R B R 7
FEALIY 282 SR IR TR RN G — 1R L XK
S T AN TR I R 56 2 [E) ) B, oA )T Meta
ST SRR EEAT. T H RIAEEE X ISCL 35 2247 hE
PIFENY b, LM NGB ST LB AT Yl ae W 5 TH
AT HEAE MOz D Re IR, [ i A 4R AR
J EE B FEH 2 (American spinal injury as-
sociation, ASIA) il & i) BB 10473 282743 2 [ B
FrRUE i B2 3 Y BEPE4) (Low extremity motor
score, LEMS). %3 H & H W5 i 175 ASIA 53
GBI R — D9 TiAE SCI B 4T fE
PR b, R 5 B 20 D RE kST 7 2 (Functional
independence measure, FIM) . #5#&i17 74 37 74 %
7€ (Spinal cord independence measure, SCIM) 4.
BARIX ST A A AT YRR T E N E, (H
TE S 4T 5y B b A7 A U 22 1 e BO) g
Xk, BwawiE T Fa%0 11 (Walking index for spinal
cord injury II, WISCI II). FR 2547356 M iz 8
FZH0E ISCL B E AT IR IR BRI H H %
81 A6, 20220 H LA O T R T A F
A WISCI 1T J2& H Hi ¥4y SCI & T B LAY
WHAAT RE 0 Fa s, T TR IH s AT I
e efe e E [ SCI f 200 315 ASTA /MR E A4 —
sk RO i R ARG R A IR P
— 2 BB N AT AT B 5E B AT A R AT AT 5
W] DU W SCT B3 AT B . it ) %05 0L
T2 T80 ISCL &2, HEiFAEH T =S4T
g B i 2 200, Ok T A0 AR YA YT 0 JC YA T ST
() SCT 5 XE LASE . 112 3025 2 B0 i 75 Aol T

ARSI ISR, A G I BT EEAT,
TEN R 152 B BRI A YRS I s PR 1
FEE TR 2~6 A ryAREME ISCL B, L,
EHVHX BRI NG T LEMS [z WISCI 11
P, PASESE SR EAT T H S AT RE 1A AL

1 WREHE
1.1 HRFIR

DERRME: 1) 4EHS 20~ 65 25 2) 4567 ASIA %%
S AR iEY, ASIA 432y C~D, R
iz shTh fE g 3) Adkni, SCI N 2 M
I RIAYT B [ % FARIATTY, & X L Bk
FaE, AR AE AR, 4) AERS SCT i 2~6 H;
5) BELFMERED.

HEBRFRME: 1) BUR B ALK Sk B Ashworth 4y
B> 2 g 2) FEATREAUEIR . T ) R . P AR R
& 3) B Hofh A AT BE T A A LD B Y
Pgi; 4) A BR S E TGS RE 1 & T RE BT B E,
WUEL ST PRI . T B IR ik IS FE A 7™ 2 fi
PR EE; 5) AT > 135kg, B > 200cm, KEK
B < 35cm 8 > 48 cm.

PEHL 2014 4£ 1 A ~2016 4 1 H TEHKEFRK
“FPHE S — R B R B B B IR YT A & ik
WA SE 4Pt SCT g It 16 4, #IRBEHLEL T %
W5, A EE A AGRIR AL, BECE AT IR, 4% 8
AL 2 HEEWMEN (x* = 0417, P = 0.519). 4%
(P = 0.246). AR (P = 0.910). #4557 Bt
(x? = 4.499, P = 0.480). #GFE (x* = 0.292,
P =0.589). §5 SCI [ (2 = 2.773, P
= 0.428) &K ARG 2F 0, 2RI
2EESL (P > 0.05), BAHeE, 3 1.

1.2 &BITA%E

P ALy e s LRI E Y, B H 1R, BRIk
60min, 5 W, & 12 4, HARGRI7 Tk
Z G| N N ¥ [ D & S R = D[N Y L 3 e
CFEEINZE . sk, RIBNLRAEY) SBHETT . B
AR .

Xt W A LR A i T 7 Ak Al b AT i AT
S5, WAEFETAL A . G4 B a8 HL R B R A AT
%, ®FH 1K, BR 30 min, & 5 K, 3612 .

IR A A MRS R 7 Bk Al L AT B ML g A
HiB AT,

AHIEFE Y RS ALAS N b s X A3
AATHE UG N (S A3 AT RREANLE A 2
PRI )N BT i SR A BR A E] e T
). A3 BATHE ML A (I 1 BioR) 2T



1834 H 3l

¥ 2%

#1 2 HEHE R

Table 1 The comparison of general data between

the control and test groups

AT H X B ol
%L 8 8
. . 3B 6 2
P (1450 % . L
L () 47.50+£5.53  44.00 £6.02
WikE (H) 3.19+1.22 3.25+0.93
BT 6 6
SESCLAy  HEEMAHRL 1 1
Pl (191) AR 0 1
A R 1 0
C4 1 2
T10 2 1
mpE ) ! !
TR T12 1 1
L1 1 3
L2 2 0
. C% 5 6
BiRERE (Bi) D % 5 )

i s U I L A T DR AR AN B T B 1 AL
A3 AT B HLER N ATRHBE T AR T G S
AW B R XU R 51577 I A2 gl R
SRR, HOE S T AALE I g A b AT
S B, S R IR SR A B XA L
BRI REEZS, AR a1
fi R B B R B, [5] It m] DASE o R S5 o a2
B LS I S 5 45 iR

K1 A3 PATHEENLEA
Fig.1 A3 walking-rehabilitation robot

FER AL NRTBI AT IS I gRmT, E e &
I Ul EE R e SR B EAT B i, e AR 2 o 5

PR E I AR R . AEERIRS TR 3 A
R B4 ] R S5 OB I E T A S I
FAIATURE R L, () s o8 ) R S oA vy [ A A 4 S
BREAT T RS0, 248 AE A I ] Bl sl b g | R
. YIZREE, B, YUE 5150 AT
B W EE— MR ER) 30 % ~ 50 % TG, HIWE
515 10— 80 % ~ 100 % FF1f, Aha4T 35
—fh 0.9~ 1.0km/h. FEJ5E0Z5H, IGIT7 AR
BEWIZRE ST (B3 RN . B4R EE R
Ji =W I R AR S B A TR T . AT W
B R RS, DMRERE NGR4T
B A AT A AR IR, ARNZE 30 min, 5 H 1
W, B 5k, 12 .
1.3 FEFRE

2 HEETIRITH. 97 4 G, 697 8 A,
WG 12 5493 LEMS & WISCI 11129 3.
WEMASS 2 HEERITWIALEY T I 585,
LEMS R WO 7 P& i3 (E, WISCI IT iR
FHPIE IR YT ITE E 45 5 rP g i — 1720

LEMS: RH ASTA CH a5 4252 [ P
B (2011 4E43T)Y H B sh o 5 W2 973k o
BE TFRGE D REHEAT VP2, NS sh T RE T4 AL
ME43A 50 43

WISCI IL: i 812 1T 9580 T T 2001 4§
BT, MRIESATRE I AR R, DA AT
10m PR TR BRI 4 . BFTEaR AN B A HS Bl A
filt, FAEATRE S 20 M 21 9 (0 F~ 20 2R), ik,
AT RE AR AR AR,
1.4 SBrESH

AR R R DA (2 £s) FoR, R
SPSS22.0 MREIT A4 A E T BdaAL B, B —%
PORM AT ECPORHA IR FLROR A X2 AR, — ekl
H T E R B] P ARECR AT ¢ R, A
BEVRITHD . G ROk (LEMS K WISCIII)
(A2 P L 2R T L] 2 SR P B A o o A oy 25 47
Mr, P < 0.05 #RZERFHAGIT#E L.

2 LR

i BEY e 12 g K At 4 RITE.
2.1 SBITEIAAEEE LEMS & WISCI II Bjtt
3

TR YT HIXT B 2H K6 4 LEMS 43 511k 19.625
+ 8.193. 15.125 + 12.287, WiH =R ILL1T2¢E X
(F = 0.743, P = 0.403, 1,32 2), 1if WISCI II 4351
7 0.500 + 0.535. 2.250 + 3.882, WiFH LR ILE T
2 Y (F = 1.595, P = 0.227, L3 3).
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Table 2  The comparison of LEMS between the control and test groups
205 RITH WT 4 G HT 8 G T 12 fE F g P
PO 19.625 £ 8.193 21.750 & 7.7974 23.000 + 7.8564 24.125 4 7.736" 22.996 0.000*
e 15.125 + 12.287 18.875 £ 13.830° 20.750 4 14.665% 22.750 4 15.276% 22.996 0.000*
F i 0.743 0.262 0.146 0.052
P 0.4034 0.6164 0.7084 0.8244
*: P = 0.000, % B4 I I A ) LEMS FEIRY7 5 AR i S EA2 R, Z25A 508 L
f: WWTESIRITHI LR, P < 0.05, ZRAGIFAE L.
A BH S RA LR, P > 0.05, 2R igit#E X
#3 2 dfF WISCLIT i
Table 3 The comparison of WISCI II between the control and test groups
415 RITHD WT 4 G BT 8 MG T 12 fE F g P
X B 2H 0.500 £ 0.535 2.500 4 1.414°% 5.500 & 3.162° 7.250 & 4.234°% 22.831 0.000*
G 2.250 £ 3.882 7.500 + 7.387 10.875 & 6.664* 13.750 &£ 5.036% 22.831 0.000*
F i 1.595 3.535 4.248 7.809
P 0.227 0.081 0.058 0.0144

«: P = 0.000, xfi4l Kk ding WISCI 1T 7ei677 85 A I a5 _EAR A, ZRA 500

§: WIS, P < 0.05, ZRAGIEEL.
A WRH S RA LR, P < 0.05, ZERA it X

2.2 MEEERITEIE LEMS BILLER

BITHIE 4 AAFEEE] A b, X B ke 21
() LEMS A&, 2R AG5IER N (F =
22.996, P = 0.000). %t 2H LEMS #Ei497 4 JHJ5 .
8 JHJG M 12 JEJE4 5 21.750 + 7.797. 23.000 +
7.856. 24.125 + 7.736, S5IAI7FHT LA, YA,
HEREAS T2 L (P = 0.031, P = 0.011, P
= 0.005). R4 LEMS 783457 4 JFG. 8 G &
12 JHJ54r 51k 18.875 + 13.830. 20.750 + 14.665.
22.750 £+ 15.276, SIGYTHILE, YA, H%E
SEFGIT%E Y P = 0.001, P = 0.001, P =
0.005), 0% 2.

2.3 MAEBEATTEIRE WISCI II gLt

BITHIG 4 DA RS, % B2 a6 2
1) WISCI IT AR, ZRBEAGIH PR (F =
22.831, P = 0.000). XfH84H WISCI II 7EiRy7 4 J&
5. 8 JHG & 12 JEJS4: 31k 2.500 + 1.414. 5.500
+ 3.162. 7.250 + 4.234, S5IEI7HI IS, WA,
HERBESG T2 X (P = 0.003, P = 0.003, P
= 0.003). RI4H WISCI II 763597 4 JH5. 8 JHG
R 12 JEJS48 51K 7.500 4 7.387. 10.875 + 6.664.
13.750 & 5.036, SiAy7HILLES, AT, HiR)T 4
i 5 SRRl LRGeS o g it m L (P = 0.138),

MmyaYY 8 JiJa K& 12 JiJ5 40 35167 il L, 2257 1.
HSit2¢mE L (P = 0.022, P = 0.003), #£ 1L 3.

24 BFTEMBEE LEMS & WISCI II g9tt
3R

RIT 4 5. 8 i & 12 Ji5, 4 LEMS
AT X R4, HZER TSR L (F = 0.262,
P = 0.616; F = 0.146, P = 0.708; F' = 0.052, P
= 0.824), L% 2; 1697 4 JH)E & 8 MG, ilindH
WISCI I 3580 A Frt i, (HER LS E
S (F =3.535, P =0.081; F = 4.248, P = 0.058),
BIT 12 S, R4 WISCT 1T & FxfideH, H2%
SEASIFE N (F =7.809, P =0.014), #EiLE
3.

3 Tt

AWrst s, SCLEHLYI6E B AR 1354k
Bl 2 AN H, 3~6 H MRS B R BP. hTT R
RAGT X} ISCL @& 2 AT a1, sk SCL )5
W H BP0, FEA KBTI B ALLRHiAE 2
~6 1 SCL BEMIBIARXTR. AWBIFER K
B, & 2~6 Hiy ISCI 4 RAGT J5, LEMS
L WISCL I ¥4 i i, SRR T I BB A7
BE A e, X5 E WA BBl E A BT 2
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A —HE WA RBE IS o R AT 12 A
RAGT, & 4 JHi#17—kKiFE, PAEI RAGT X
ISCI M E AT e J1 52 W IR & AWF9E 7R
RAGT % 4 J& )5, B35 n WISCI IT BSR4 firig
fm, (BB, Tillgs 8 Ji & 12 Ji )5, WISCI 1T
HEE N RIR S, H-BA G . X R ISCI
BH T RAGT, f5 20367 8 JE s A B2 A
A BEIRIF AT RE I n et . X 5 [ N AMIF IR 45 R
FAAE 08 (A BT & B, RAGT 145 4 K
J&, SCI JBE 1 6 4B AT I RS K 10 KB AT Hfa] R
AiRE, AR SRR 1 RNE e &
AR IR 5 AN [R5 050 AN TR) 9 PPAN s o S fR 3 L
Kizsh R —ER K. ARl LEMS K
WISCI 11 > e Wi B 092478 77, AR AT
BRI FESR. AFoE e WISCLIT 5 RE 24T
I A KPR SCL 4 5 50, JUHAET 1 MH K
i, T U R AR P R PR 0L T AR 5 v R B A 4L
R A —F R, BT BT AR 8 i F
T =, Hassh YIRe KPR 8 2, FE A AR A
AT BB AT RIS W RE ). 31X A W BE 5 AT 5T
FRMESR.

H 5l 2617 I 254 i 247 1 %6 BWSTT &
RAGT. f1T RAGT whdigefita s, 4. &
SREE. BAET RIS, 68 B FR At 2 98 1 I (5
B, AV EERERE R RAIFEIEY, Hw
MIEZE WL, H RAGT 2HETrimE, Hul
AR BT T ARG R, ISCL R T
SR IRIT T, @i A rilghel RAGT J5, B#
LEMS K WISCI II ¥4 3%, {Hi2 RAGT H AR5
ST AT II4%, 5 Labruyére 521 gymFoAl
L. FRATIA K AT 5 5 A T4 FH A LA 515 7 P
KA K, HEE H R 18, M2 T B
M. R DR B, ISCT M4 64T RAGT,
PR IINZE 7 25 68 1 B 3 2607 =S T, miTss
HRESR v R AR AT . R KR AT R 1S 22
G ARRBF S5 HADWFSY, XULPAFE RAGT )l Zat
Firp, WORAT e &P A ERORH T, e
B H F iR g OLE LG5 . REAR KR
HREPL BEF R &3 RAGT #Ef2 & L)y b 5 Hi i
HAT IR LRI To W 22 5, (0 2k A sk ] () )
% )a, RAGT Fedlcg 247 e 1 BT 2547 Y11 25,
%5 Alcobendas-Maestro 23] gBaEHL R R IR
l. HHEAN RAGT &5 ISCI B34 141788 )7,
HHEWHRAE N EZ A E LTS A K. RAGT |
SRy, ANWrEEAT TR TN B E AP AT, AT ) AR
% 2 AW HL PR (L 22 AT 24T I B K, 2
HRX i 28 2R G [R) Bt g A BE A, 1 i
A ) R XA 5 & A £ (Central pattern generator,

CPG) ysh i, A3 B UL S At 5L Hy
B, PR T 21,

4 g

WL ABETE, FAT I A3 AT R L&
NHEATH) RAGT wJ AR i ISCL 83 1 ML &
SATHEST, T RAGT Fefemi LU L5 i A7 25
MM 225, AEUEELATRE ) B, 12 J4l
%), RAGT feFHhim AT g5 (HABSA A
FEAER /D | G Z A I R] B 2 Gl s, (] IR ] 1 RE
RAGT Fa 7 ZHAR R i — KM,
Wi 7% RAGT xf ISCI &M RS K247
RE TSI, 35 2B AT B AR KA R R 24
BCERIBESE, R 5E 0 Rk T % RAGT
TR G PEp Ry 2

References

1 Pan Yu, Qie Shu-Yan. Research of lower limb rehabilitation
robot and its application in spinal cord injury. Chinese Jour-
nal of Spine and Spinal Cord, 2013, 23(11): 1010—1014
(R, 2B, TR ML N B FHAE A REH e 52 o B A 52
PR, HE A2, 2013, 23(11): 1010—1014)

2 Barbeau H. Locomotor training in neurorehabilitation:
emerging rehabilitation concepts. Neurorehabilitation and
Neural Repair, 2003, 17(1): 3—11

3 Dobkin B, Apple D, Barbeau H, Basso M, Behrman A,
Deforge D, Ditunno J, Dudley G, Elashoff R, Fugate L,
Harkema S, Saulino M, Scott M. Weight-supported tread-
mill vs over-ground training for walking after acute incom-
plete SCI. Neurology, 2006, 66(4): 484—493

4 Leahy T E. Impact of a limited trial of walking training using
body weight support and a treadmill on the gait characteris-
tics of an individual with chronic, incomplete spinal cord in-
jury. Physiotherapy Theory and Practice, 2010, 26(7): 483—
489

5 Yan Jin-Yu, Li Jian-Feng, Zhang Xu, Liu Zun-Nan, Li
Dong-Sheng. Electroacupuncture and body-weight sup-
ported treadmill training after vertebral fractures. Chi-
nese Journal of Physical Medicine and Rehabilitation, 2010,
32(9): 693—696
(B4X, 0%, 0, xIEE, 2RE. BT AR EFRIIZE
I7 B BOAME B T SO B R I RIS . T A BR S 2 5 RR A %
&, 2010, 32(9): 693—696)

6 Wang Chao-Yang, Zhang Ji-Rong, Wu Shuang, Huang Yu,
Long Yan, Zheng Dong-Hua, Pei Qiang. The clinical efficacy
of body weight supported treadmill training for the recov-
ery of walking ability and comprehensive function after tho-
racolumbar spinal cord injury. Chinese Journal of Physical
Medicine and Rehabilitation, 2013, 35(3): 181—184
(CESIM, RkakaR, R, BT, Rk, MyE, 5. wEP S gt
J L BT AV 95 S8 5 A0 AT R T R LR A T REWR S I R T 2. TP A
HPEAE S RER 245, 2013, 35(3): 181-184)



1244

MEFEEE: HESRALE B AT I GRS A 5 VAT BB 107 S8 AP AT RE T (R 52

1837

7

10

11

12

13

14

15

Li Jian-Min, Hao Zheng-Wei, Zhao Ya-Ning. Efficacy of dif-
ferent gait training on walking for chronic incomplete spinal
cord injury: a meta-analysis. Chinese Journal of Rehabili-
tation Theory and Practice, 2013, 19(2): 183—188

(FR R, MR, BT RNE LSS EX SR ¢ A4
WU BAT I REROR T Meta 43047, PR S HUS 5501, 2013,
19(2): 183—188)

Guo Su-Mei, Li Jian-Min, Wu Qing-Wen, Shen Hai-Tao. Ef-
fect of robot gait training on muscles and walking ability in
patients with incomplete spinal cord injury. Chinese Journal
of Rehabilitation Medicine, 2012, 27(4): 360—363

(FRFMy, R, R, WE. L AL SIS 1A
P WA BB AT D RER s vh B e BE2E s, 2012, 27(4):
360—363)

Guo Su-Mei, Li Jian-Min, Wu Qing-Wen, Shen Hai-Tao. Ef-
fect of gait training and assessment system of Lokomat auto-
matic robot on walking ability of patients with incomplete
spinal cord injury. Chinese Journal of Tissue Engineering
Research, 2012, 16(13): 2324—2327

(T My, 2, R, il Lokomat 4 A blE A B
GRS VEE RGN SE R R0 RE AT DI RER . E 4LR
TR, 2012, 16(13): 2324—2327)

Guo Su-Mei, Li Jian-Min, Wu Qing-Wen, Shen Hai-Tao,
Liu Guang-Tian. Effect of robot-assisted walking therapy
on gait of patients with incomplete spinal cord injury. Chi-
nese Journal of Rehabilitation Theory and Practice, 2013,
19(7): 676—679

(FRFMy, R, BRI, Wi, XK. LEINGHIE AR5
S REGG B RS . T ERE IS S 5L, 2013, 19(7):
676—679)

Moreh E, Meiner Z, Neeb M, Hiller N, Schwartz I.
Spinal decompression sickness presenting as partial Brown-
Sequard syndrome and treated with robotic-assisted body-
weight support treadmill training. Journal of Rehabilitation
Medicine, 2009, 41(1): 88—89

Lam T, Pauhl K, Krassioukov A, Eng J J. Using robot-
applied resistance to augment body-weight-supported tread-
mill training in an individual with incomplete spinal cord
injury. Physical Therapy, 2011, 91(1): 143—151

Alcobendas-Maestro M, Esclarin-Ruz A, Casado-Lépez R
M, Munoz-Gonzélez A, Pérez-Mateos G, Gonzalez-Valdizan
E, Martin J L R. Lokomat robotic-assisted versus over-
ground training within 3 to 6 months of incomplete spinal
cord lesion: randomized controlled trial. Neurorehabilitation
and Neural Repair, 2012, 26(9): 1058—1063

Del-Ama A J, Gil-Agudo A, Pons J L, Moreno J C. Hy-
brid gait training with an overground robot for people with
incomplete spinal cord injury: a pilot study. Frontiers in
Human Neuroscience, 2014, 8: Article No. 298

Fleerkotte B M, Koopman B, Buurke J H, Van Asseldonk E
H, Van Der Kooij H, Rietman J S. The effect of impedance-
controlled robotic gait training on walking ability and qual-
ity in individuals with chronic incomplete spinal cord injury:
an explorative study. Journal of Neuroengineering and Re-
habilitation, 2014, 11: Article No. 26

16

17

18

19

20

21

22

23

24

25

Sale P, Russo E F, Russo M, Masiero S, Piccione F, Cal-
abré R S, Filoni S. Effects on mobility training and de-
adaptations in subjects with spinal cord injury due to a
wearable robot: a preliminary report. BMC Neurology,
2016, 16: Article No. 12

Morawietz C, Moffat F. Effects of locomotor training af-
ter incomplete spinal cord injury: a systematic review.
Archives of Physical Medicine and Rehabilitation, 2013,
94(11): 2297—2308

Mehrholz J, Kugler J, Pohl M. Locomotor training for walk-
ing after spinal cord injury. Spine, 2008, 33(21): E768—E777

Kirshblum S C, Burns S P, Biering-Sorensen F, Donovan W,
Graves D E, Jha A, Johansen M, Jones L, Krassioukov A,
Mulcahey M J, Schmidt-Read M, Waring W. International
standards for neurological classification of spinal cord injury
(revised 2011). The Journal of Spinal Cord Medicine, 2011,
34(6): 535—546

Ye Chao-Qun, Xu Shao-Ting, Sun Tian-Sheng. Assessment
for walking ability in patients with spinal cord injury. Chi-
nese Journal of Spine and Spinal Cord, 2007, 17(10): 785—
787

(MR, A5 ATT, INRAE. ARE 0 EE AT IR E . R
HEEZw, 2007, 17(10): 785—787)

Labruyére R, Van Hedel H J A. Strength training versus
robot-assisted gait training after incomplete spinal cord in-
jury: a randomized pilot study in patients depending on
walking assistance. Journal of Neuroengineering and Reha-
bilitation, 2014, 11: Article No. 4

Lam T, Pauhl K, Ferguson A, Malik R N, Krassioukov
A, Eng J J. Training with robot-applied resistance in peo-
ple with motor-incomplete spinal cord injury: pilot study.
Journal of Rehabilitation Research and Development, 2015,
52(1): 113—129

Wirz M, Zemon D H, Rupp R, Scheel A, Colombo G, Di-
etz V, Hornby T G. Effectiveness of automated locomotor
training in patients with chronic incomplete spinal cord in-
jury: a multicenter trial. Archives of Physical Medicine and
Rehabilitation, 2005, 86(4): 672—680

Harkema S J. Neural plasticity after human spinal cord in-
jury: application of locomotor training to the rehabilitation
of walking. Neuroscientist, 2001, 7(5): 455—468

‘Wu Zong-Yao. Robot and walking rehabilitation in patients
with paraplegia. Chinese Journal of Physical Medicine and
Rehabilitation, 2011, 33(8): 624—629

(R DLE NS ERERE AT E L. TP R R 2 5 FRAT IR G
2011, 33(8): 624—629)

Wi EPKERE R R ST
2L RGT A, 2010 4E3KDY)1 K2
W2 6. RISy 1] A R 45
4. E-mail: hopelam@126.com

(LIN Hai-Dan Ph.D. candidate in
physical medicine and rehabilitation at
Chongqging Medical University. She re-
ceived her master degree from Sichuan



1838 H 3l 1k

¥ 2%

University in 2010. Her main research interest is rehabili-
tation in spinal cord injury.)

SKORE IR R R BRI T A
FHE. HRER R I8 S — R R E
B BH BRI, 3 BTy )k
BT AT IR, SIVE TR
E-mail: van_mozart@foxmail.com
(ZHANG Tao Undergraduate in re-
habilitation therapy at Hunan Univer-

sity of Chinese Medicine and physical
therapist in the Department of Rehabilitation Medicine,
the First Affiliated Hospital of Chongqging Medical Univer-
sity. His research interest covers gait analysis, reconstruc-
tion of walking function and motion analysis technology.)

B & EIRERKRFMHEEE B
SEBEAERHEEN. T 2015 4EFEE REERIR
2RV U/ e VA o022 0/ W A 1 D
HHER R, JL3h 1Pk

E-mail: cqcq20123634@163.com
(CHEN Qing Physician in the De-
partment of Rehabilitation Medicine,
the First Affiliated Hospital of Chong-
qing Medical University.
medicine degree from the Chongqging Medical University in

She received her master of

2015. Her research interest covers rehabilitation in spinal

cord injury and photodynamic therapy.)

FRT  ERERIRAEM RS — BBk
ARSI, T 2014 4R7EAT
TR 2P AF AR o2 . RS
77 ) gz s s BT S R T
E-mail: lhwlove@163.com
(LI Hong-Wei Physical
in the Department of Rehabilitation
Medicine, the First Affiliated Hospital
of Chongqging Medical University. He received his bachelor
degree from the Hong Kong Polytechnic University in 2014.

therapist

His research interest covers prevention and physiotherapy
in sports injury.)

BERF E¥HL, ERERKFHE
BB AR R EAEBE . %
WF5E T3 16 Ry A B3 ) B A A S AR
(=

E-mail: baidingqun2014@163.com
(BAI Ding-Qun Doctor  of
medicine, associate chief physician in
the Department of Rehabilitation Med-
icine, the First Affiliated Hospital of Chongqing Medical
University. His main research interest is rehabilitation in
spinal cord injury. Corresponding author of this paper.)



