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Abstract

Objective: To compare the effects of robot-assisted gait training and conventional physical therapy on proprio-
ception of the affected knee after stroke.

Method:Twenty-nine participants with hemiparetic stroke within 1 month after onset were recruited and allocat-
ed to either the robot-assisted gait training group (n=15) or conventional physical therapy group (n=14). The
robot-assisted gait training group received 30 minutes of robot-assisted gait training and 30 minutes of conven-
tional physical therapy each day, whereas the control group received 60 minutes of conventional physical thera-
py daily. Changes in proprioception were investigated with passive reproduction of passive positioning proto-
col (PRPP), threshold to detect passive motion (TDPM), standing forward reach test (SFRT) and trunk impair-
ment scale (TIS).

Result: Comparing ed with the control group, patients in the robot-assisted gait training group have better pro-
prioception as measured with PRPP (7.5°+1.08° at start position 45°, and 14.9°+£2.71° at 15°), TDPM (5.4°+
1.98°/4.3°+1.25°), SFRT (11.1£1.72)cm, and dynamic TIS (8.4£0.21, coordination 3.4+0.32). No significant dif-
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ference in PRPP at 75° and static TIS was found between the two groups.

Conclusion: The results indicate that robot-assisted gait training is beneficial for improving proprioception and

trunk control in patients with hemiparetic stroke.

Author's address The First Affiliated Hospital of Chongqing Medical University,400016

Key word rehabilitation robotics; gait training; stroke; proprioception; balance

Jigi A R ANEAS T SR I Az Sl D RE i L fh e
I A (A SE R F- BT D RE QLR . WFSEAiiE!,
2y 50% I A P SEAF B AFAEASARGE Bk BHLAS T
BE AR B B N REIR A, B T RBE I A A7 o
BRI ML AR AR [ N S A e i A 25
BT HOR  izdf 7 i SR B E SR A LA
2o T RAERE XRIE N s sl , e 1 A
iz Bl RER T, A i S O e 5% 35 A AR A
FI R AR WAH R SCHRAGE o BT FIREE 5, A0F
TR FEATLAS RIS T R A B e A ik 2
Hh B D RE DN R O T 5 B s sl i AR AR TR O, LAY
il RIAT T S AR o

1 #EREHE
1.1 W%

9y AARUE : DI PR 283k /i CT/MRI K 1512 R
G 5 B A L, 95 12 WA 4 R 56 4 O B I 4
WS BUHITT A I Wikr e s @I & A, B2
H, BRI 1 Z W @A 32180 4 i R A 4
(7 B9 SR B ) AEAE PR E AU FCAS (AR SR B i A
DI TR, BBV 4, 5 1B 8 I P 147, g
A 5B ML K 3 BN B Brunnstrom iz 343 B . T —IV
.

HEBRARAE : OIG A A 5 AR ZUE ; @& 3
BRI 22 48 s BB I F PR MO BT 8 6T
ARG s @A F I [B) 3528 HE | IR 0 A i S M AR
I KA

VEHL 201443 —20144E 8 A ERFHEBE S
WBIT GRS o R SR 20 ] FEBEHLEC T RN
TR WA AR (15 ) At Ba 41 (14 1)) .
PN R — I I LR 1 G124 M7, 4 ) 2
SR FNEE L (P>0.05), AHFFEHAGERER
REFW IR R — BE e PR 2R A PR B ot v
1.2 RITk

JIi A W4 BB Y 2 B S R BER 2 AR T I

R1 TE—REE

HLES BT X} A ZH P
TR (1)) 0.416
3 11 11
by 4 3
() 60.34+12.67 59.12+14.13 0.293
18] 25 R R e 27.00+1.63 26.75+1.42 0.138
fidi 7 s (d) 20.1743.35 22.0242.83 0.492
{RBEM (1)) 0.758
atl] 6 8
Zefm] 9 6
R B (f]) 0.604
Ji AT 5 6
i 3 10 10 8

B, 23 H AL 30 MRYT I BC AT o HLER IRTT
2 B K 2 30min HILAF G B 25 2010 2k
30min & FLAIBIGYT , M4 AL E R R IEZ 2K
30min H L FIRYT . TEAESEIBIE], RV PR T A
SREHEAZ ISR B TR A A A R S V6T, A
NAGE IS

WY NG YT AL S L T Bobath fl 2 K BT
Be AR w22 LA & A B R (proprioceptive
neuromuscular facilitation, PNF) JL A2k AL fiiF
M2 R Bl ST R Y2k (BRI S RE) %1l
Ik, 3—4 WA INAEIR YT IR B 2577 3l 57 A S
AT,

T MRS NGB SN 8 T R REE LA
NA3( I — RT3 SOl A R /) BN,
I8 H S A N 30% 38 Uik 2 0% B R T 1] 7 A
100%32 A0 2 10% , A T 1) ) 1938 FEAIG, A
B E iz s RO ILA L, NI 32 528
Yo 1B FFHE M 1.2km/h % 4 4 0.2—0.4km/h
R RN = ik 2.6km/h, A FITE S AR B
BB AT AT HE W L2 o S AR ARG I
[E)HEBRAEAD , SEBRAE 2SIk B BRI AE VR R 30min.
1.3 fREM DG AR R P

TR D AR AR B B ST B B T I8 B
B o W — 44 AN B LA 0 ) R I AE AR I

www.rehabi.com.cn 951



Chinese Journal of Rehabilitation Medicine, Sep. 2016, Vol. 31,

BIRYT IR HT SRy 7 4 AR I S5 A —— G
W % 2L 9 8l iz 8 (continuous passive movement,
CPM) (T 58 1o 52387 TAM ML , A e T
IR T CPM AL, B 515 %0 X 1 CPML I e e
15 Bl , 5203 U8 2 e e LURS AT sl /D 7 3K
TEFR IR XS K R AR A . A EARE
AR ER , 2 B LB X A AR B () 52

TR 7 s« 2 SR Y i R, >R
B % 5L #% 8l &2 i (passive reproduction of passive
positioning protocol, PRPP) [ /7 72l % 8 25 fh el
ST B8 . MR RIS 32120 B RESCT Ab T
Jet i 90°13z , SR 5 CPM A 4% 4°/s 132 By B4 e O
TS B 75° 45 15° AR B AR B, A
TERS AR B 2545 B S5s Al fR & E =Rl R i
O e A X AT E AR 2 O, il RS T
R AR A ST BAn i dh A A B . et
WHCHT , B CPM A L4 B T Trh . CPMAY
FEIE DG P81 21 et w1 90°46z , LA 1°/s (42 Bl BE R I
KT BB L Ve B B B 3 AH N B BRI
PRt L% il sk HbR A S B W S A 0 5B
R gl B2 2 22 i e il AR I B8, A H
bl B2 B A D 3 Ok, O3 . (A4 RHE R
TR B2

JEORTTI2 B0 - 23 BESCHRY , SR TR 9 32 3
A% £k, % {H (threshold to detect passive motion,
TDPM) (1 7512 I 7€ F8 355 e 1 000 e 5 1Y ) 3
WA FF AT, 191 32 32038 4 A 4 R I A
TR TG DK 7 B 2R 300, ZE— B Y AN
B AT A5 BT B S, CPMLLLL 0.5°/s 1) 3 0 5 it 5
iz 3l , M2 i E A B O 18 S 4% CPM X s
IEFEER . Vg R PSRRI Gy iz gl 1], [R] e
SRR A s 5 R I B35 Bl A £ B 22 22
{8, I M A AR iz ghoe . 22 (4
XHEMK , Konizah e i 2, A2l E E
KR/ NS B
L4 CFIIRENEE

W2l — A4 AN FNIRE o S DL BRI EAS I
BIRIT HURET BRI T ARG T o ZEMNZ A, K
Wy 2 ) 52 1 TR R TEUR

il 37 A7 By {56 (standing forward reach test,

952 www.rehabi.com.cn

SFRT ) J2 ™75 A e 140000 2 -y R K 380 JRUIS: 19
T, R R A B A R A KU A, R
FuliseAr, RS & A SRR Ak ik AR5
Ve AB b BRI AT RE ) i A R, I AR AR B A FE
B2 E A3 R BOFME.

HRT-45145 5 3% (trunk impairment scale, TIS) il
A S K T2 2, IR A 46 34 T RS
AB A BN AS AR AT K BRI o AN T Y
3—10 M PE4r 5, TIS PEAE [l : 0—23 430 PFr AL
15, TN R THE 8 BT AT
L5 GEitaobh

FHISPSS 17.0G8 4k L2 Bk e i
TP 225 VERGE I , WAL 248 N D GE i s Hh 42
AT GORER I FEAS R 30, 0 2 e ORER ¢
R o g I 2 SR R R Ay 25 o dr
o

2 H#R

283k 3 AT I, ML AR 2EL 00 R A R 7
W s 2 A9k sh ARG 45° K 1501 2 4 % R
N, AL NIGT T3 h 7.5£1.08 K 14.9+2.71, % IR
2HH 14.142.61 f 18.4+3.49; 75 B TG it Z 1k 2%
5L LR 2,

MLER NG T 4O 38 3l o AR 43 53] oy 5.4+
1.98 % 4.3+1.25, B EH KT X IR 10.1+1.89 J 11.4+
1.86, L33,

BLAR NG T ALk 37 A Fir A e 2 2 1% B
H, HLES NIBIT 4 TIS P43 17.1+£1.81 i 38 & T %t
WAZH 15.3+2.32, 3 4,

K2 REMRXTAELNE (as)
wishEnr Ml AT 4 (n=15) XA (n=14)

PlE

[P AR v R (e @ MR < v | R < ) 0 =}
75° 5.0£0.94 4.8+1.13 524089 4.5£1.09  0.538

45° 17.6£2.16 7.5+£1.087 15.3+2.65 14.1£2.61 0.022%
15° 22.3+4.31 14.9£2.717 21.1+3.62 16.4+3.49” 0.039?
AN A DP < 0.05; A HLE . @P < 0.05

3 RAENBXTIEH T (vts)
Wiz DU ORI (m15) _ WIALe1D
BB T TR i e

i 14.843.09 5.4+1.987 12.242.67 10.1+1.89" 0.035%
JEME 11.6£2.01 43+1.257 13.8+3.11 11.4+1.86" 0.041%
AN A DP < 0.05; A Hb4E . @P < 0.05




PHEAE AL 201658 45314 459 M)

F4 FEIEITE (xs)
LA AIRITAL(n=15) X IR (n=14) Pl
WITEI IRITE IRITEL AT
SRALALHTM 3007 11141727 6.141.06 8560817 00377
Lﬁgu
BFRGEX
BAASMR AP 6.440.52  6.3+0.82  6.7+0.12  6.5+0.72  0.712
IS 6.140.32 8.4+0.217  6.5+0.56 7.0+0.117 0.026%
P 2.3+0.72 3.4+0.32% 2.4+0.81 3.320.227 0.063

}s¥is 14.4+1.56 17.11.81" 14.1+2.02 15.3+2.32" 0.003*

AN A DP < 0.05; 4] Hh4% : @P < 0.05

3 itig

AW T T BRE LA NSNS 5
F AT RIS [RIVATT 7 10 i 2 o 2 35 i )
JR O AR AR B s i ) 22 54, FRAT K 321 40
P« B A BT A R ALA N B 25 B 2R
ST AR L R A AT Fe A X R A L,
Ja 14 H N B e Brunnstrom 433 T #109 HRE R
ARG, ARG A 52808 C IR AR
B3R T Brunnstrom iz 84381 . T—IVHA,

B R A 2R AR S RS
BB 1 O T AS AR S8 A 98 (joint position
sense, JPS) & 7 P AHIA] , >k F 9k 8l e 7 8% sh B A
(T R [RITE 7 4 I 4 6 e R O 9 7
SRR E (750 .45° 15°) (AL ELSE , 1 FH 24X
e CPMAX (P& ) BEA 1. PRPP X F
A7 B DN oy vk EE AE BT, R SR A AR
B —Fh a2 . AT HoAth 2= 8 1 o e
A7 F 3l A 7 AR OGS o B ™, FH S AN
RO B Bh B A SRR R B R A
FIHPRAE A WE N ZE . TR Z )
B (I, A e [ At R 22 Bobit 55 3 R Ik 5
iz B R A R By W T S st oY AR SR I
T CPM AR B T | 1k 3z i3 s iz s 2 7
KA I E ARG YT LR O 12 BB A A

Simo L i, & 8o i O B HR 2= 15 S 4R
DERE , N AL T G A A 5 B A A
JESE RN P RE AR AL e AT A A
B, FE N AR AR AR BT 3t R B ARG B il B 1
WF5E AR EAE

A L R A e 3 ERYT R, T IEPLER A

i B 2D 2SN R 2 D I R G 9 sl e Sk sl & ik
B 45° Je 15 B9 1 5 P o T 0 R, AL 75040
B TR EEES . YL NIRIT AR 2 sl
B 5 E AR T NG T4 . Ml iRy dla s
sl Sz AN A B TIS P43 8 35 5 T U B G Y7
2o FIREEHRUESET RHLER N B N hhe B 2
DB M 2 R AV R O 5 AR (AR it B P AT T g

i 2 AR SRS I 25 5 A 281, Kim GM
SO o X A i A R A SRR A T AR R 1|
G, xSl ST AT 45y iz 5l SRR Va2 i
H B IR B B I S SRR R 2 A,
IR YINZR T AT s T I A v B AR A
KV DIRE . A IRIE 12— g 201 ik i
T A TAT A% S 15t 0 S LA T & R 7 A T i 2
HAR IS Sk, 0% T BB B A, Kim
ST AF! FH— Tl K 40U e B4 7 A AR A I 2, 3
T BAEEE RS S 52 5 Ja & 1 I A A 1 5
BRER N2, s T i v A R () A AR e
sl R T RO AT, Hewett TE!™
INR AT 2210 T B8 8l A B A A i 15 3]
Il 25 47 K (sensorimotor training programs) Bt fit #F
AT B BB KK . Ribeiro TS 5" H
PNF 7 X5 il A< v B 3 04 7 R A B A 25, ol T R
iz s ae A

S R NS oA L NG v A R N 2
Brunnstrom iz 21730 81 1T —IV 1 , 0 5 3205 A8
AR IAE IR _EA T8 s WL 25 5653 2l B2V
G SARAT L RS Y BIG YT , IRETN 52 A 06 )
FIRIT o A B S M LA N6y T L3897 A
1T 7 —MRI7 I By s G s L J125
KA ZR % i PNF a7 s B~ 20
AIAATINGSE, XMIAAE T TFERZ BTiRTT,
AL ANALFE T 28 W2 F T B R AL AR A
BTN SR ARG T I T4 B 252831
2, WLas N4 B P A B R e e dR 10E i i | Hr 4k
P XTFRIE Az S BAL SN2 FE R PI Zhad 72
SR TRURCN SRRV ST Y k=2 VAW NTIE )9 IPN)
LR | 1 R BESHE AR 1 45 R IAAS A S i i 1 R i A o
L N (R )5 R FN O N N

() Es AR A 90 235 TR A E S P 4 A8 23697 )

www.rehabi.com.cn 953



Chinese Journal of Rehabilitation Medicine, Sep. 2016, Vol. 31, No.9
ZHLH N He s B s sh, E’Z@jy‘]“bmﬁﬂ&% [6] Duncan PW, Weiner DK, Chandler J, et al. Functional

Xof B2 22 L R e L &%&%ﬁwui,
L SCHRAGE AT FUR AR FUAE T bl g A
IR AL E S 38 358 K- D RERT IR 2 ks
HRE.

M T AT R VTN AR, B W] T T R ML
XTI R A A SE BRI . O T O TR
SIS RS IR 2 R e O e 5G9 A AR ) 1

WRZE, Bl |77 2 — P A BT LSS ]

AAAE 75T RS AL 2 A RE S et i 2 o O
SR AR ) A AR S~ Al D RE , A R i 2 i
A s Sl S R AR

SE
[1] Carey LM, Matyas TA. Frequency of discriminative sensory
loss in the hand after stroke in a rehabilitation setting[J]. J

Rehabil Med, 2011, 43(3):257—263.

[2] A B IDERE, BN, 55 IR S AL A 2ot Fe S0 i 2 o ff
WE AR AT I R 09 52 W [, o R 52 IR A % 7,2014,29(4):

351—353.
[3] Husemann B, Miiller F, Krewer C, et al. Effects of locomo-
tion training with assistance of a robot-driven gait orthosis
in hemiparetic patients after stroke: a randomized controlled
pilot study[J]. Stroke, 2007, 38(2):349—354.
[4] Fremerey RW, Lobenhoffer P, Zeichen J, et al. Propriocep-
tion after rehabilitation and reconstruction in knees with defi-
ciency of the anterior cruciate ligament: a prospective, longi-
tudinal study[J]. J Bone Joint Surg Br, 2000, 82(6):801—
806.
[5] Tyson SF, Sadeghi-Demneh E, Nester CJ. The effects of
transcutaneous electrical nerve stimulation on strength, pro-
prioception, balance and mobility in people with stroke: a
randomized controlled trial[J]. Clin Rehabil,

2013, 27(9):785—791.

Cross- over

954

www.rehabi.com.cn

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

reach: a new clinical measure of balance[J]. J Gerontol,
1990, 45(6):M192—197.

Gross MT. Effects of recurrent lateral ankle sprains on ac-
tive and passive judgements of joint position[J]. Phys Ther,
1987, 67(10):1505—1509.

Ozenci AM, Inanmaz E, Ozcanli H, et al. Proprioceptive
comparison of allograft and autograft anterior cruciate liga-
ment reconstructions[J]. Knee Surg Sports

throsc, 2007, 15(12):1432—1437.

Traumatol Ar-

Simo L, Botzer L, Ghez C, et al. A robotic test of proprio-
ception within the hemiparetic arm post- stroke[J]. J Neuro-
eng Rehabil, 2014, (11):77.

Kim GM, Oh DW. Neck proprioceptive training for bal-
ance function in patients with chronic poststroke hemipare-
sis: a case series[J]. J Phys Ther Sci, 2014, 26(10):1657—
1659.

Johnson EG, Lohman EB, Rendon A, et al. The immedi-
ate effects of a novel auditory and proprioceptive training
1(3):e46.

Proprioception rehabilita-

device on gait after stroke[J]. Clin Pract, 2011,
Kim SI, Song IH, Cho S, et al.
tion training system for stroke patients using virtual reality
technology[J]. Conf Proc IEEE Eng Med Biol Soc, 2013,
(2013):4621—4624.

Hewett TE, Paterno MV, Myer GD. Strategies for enhanc-
ing proprioception and neuromuscular control of the knee
[J]. Clin Orthop Relat Res, 2002, (402):76—94.

Ribeiro TS, de Sousa e Silva EM, Sousa Silva WH, et al.
Effects of a training program based on the proprioceptive
neuromuscular facilitation method on post-stroke motor re-
covery: a preliminary study[J]. J Bodyw Mov Ther, 2014,
18(4):526—532.

Jung K, Kim Y, Chung Y, et al. Weight-shift training im-
proves trunk control, and balance in pa-

Tohoku J Exp

proprioception,
tients with chronic hemiparetic stroke[J].
Med, 2014, 232(3):195—199.





