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Knee kinematics of uninjured knee in hemiplegic stroke patients during treadmill walking  Qiao Lei, Meng Yuan-
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Shanghai 200031, China

[Abstract] Objective: To investigate the kinematics of the knee on the uninjured side in the hemiplegic stroke pa-
tients during abnormal gait and provide basis for rehabilitation evaluation and clinical treatment. Methods: Gait anal-
ysis was performed on 60 cases of stroke hemiplegica, and 60 cases of healthy people who matched their basic condi-
tions by a portable Opti_Knee motion analysis system. The 6 degree-of-freedom kinematics of the knee on the
healthy side (flexion and extension, internal and external rotation, varus and valgus rotation, {ront and rear dis-
placement, upper and lower displacement, medial and lateral displacement) , maximum extension angle in the stance
phase and maximum flexion angle in the swing phase were evaluated. Results: As compared with the control group,
the range of motion of the knee (flexion-extension, internal-external rotation and varus-valgus rotation) on the
healthy side in the observation group was significantly reduced (P<C0.01, 0.05). As compared with the control
group, maximum extension angle and maximum flexion angle of of the knee on the uninjured side in the observation
group were significantly reduced (P <C0.05, 0.01). Conclusion: The analysis of the knee motion angle on the
healthy side of hemiplegic patients by the opti-knee motor function parameter detector can help determine the basic
characteristics of hemiplegic gait and provide clinical basis for the next step of rehabilitation training.

[Key words] stroke; motion analysis; uninjured side; knee joint; hemiplegic gait

19

R 2 v ELAT o A0 R B AR R L 2 Ul 2
TR SR I AR R 00 R BT g e A b
ST Qi A S R R R DL o AR TP R S AR AT B
(1 B AN OO™ F 1 29 HAEAT RE T KA ™ E S
TREM BT DLW K235 &= T i 8
MR 21 F0ER O 1 A9 G 0 R S o X T i 00 O T 19
R AL B A H R N AMIT IS SR = S

A TH 2015 4F Ll i R B 2 R LR I R B iR, 2015 4F I
T I R % BH(ZK2015A29)

s H 7 :2019-06-01

EH AL 1. BT AIC X o B8 B EE AL, LI 2000315 2. 11 17 ik
BB ERE A RA A, LI 2016125 3. 7 3% A Bl F R 2 B, #7970 T
2% 315100

EHR A A5 L A EEFE I, FRER, ERMNFEMEHREE
77 T S .

ST RGHATIARY T AR BR T — A A B
LA Ty i) f) WL o DAL TG A5 L A 4508 A — E B 25 S
R BRYE . 1 Opti-Knee 12 3 31 & 2 50K 00 {2 —
il AN BR M SR A4 B b3z sl R I O ik . BT LR SO AT
AT LB B 1 B9 25 18 T 2 A7 A 0 X B O 19 a8 s AT 2
Fh R 2w rWgE . k. AR BE5E B fEiz 1 Opti-
Knee [ 57912 3 2 A8 2 BOKL DI 4SOk I 2 v i 94 6 5%
A0 i 5C 5 4% 5 1] 3 2l R AT S A I 23 A L OF L R
HIEW ARSI BB 2E R AT — PRy H
SN Gr P L PRI

1 #EBEFE

1.1 —f&FH EFF 2016 4F 2 A ~2017 45 8 A 1Y)



20

V) 1 96 T3 A X s B B B 52 BHIR B 1A & A B
Y 19 i 4 v O A8 2 60 AR S WS 2R L i ok A 1
HEAAC X e B2 B BR T K R 8 rh 5 W58 4 B o AT
W% B A EAH VT AC Y IE N 60 B4R Xt BRAL . g
AFRUE  WEEAH 45 45 2014 [ 2201 fofe ot P8 G 25 v
2R . & CT st MRI #i12 . 12 W o i 105 0% 5
HER 30~80 A R =3 A H L WIIR KR 1
A PR IR FT L 4 i R A5 7S Holden 2217 DI RE =2 %% 7]
TA7 4T 10m LU I H Brunnstrom 23 #§8 4~5 8 ;&
Wi 2 MR AEAT s B RS B S R B . XA Bk
R AE A SRATAE s T0 T WU 5% B0 . T &
FGE g B E O il T TR AR A% G Y T B IE
AR 30~80 J 4 IR E MG R E 1. HEBR bR
LB AL B A R R R ™ FO T # AT
R ™ T 5 5 3 5 ARG B 28 & Uk A ol At K
G B 1 B0 O S T A A e B A
A% 20 Vo AR E AR AZ) s ik [ sh g A s g T
TEAE G R AT E B B CRE ST R . IR .
R LR B R R 2R R G LA RO i I A
PRI SE 5 O BRFURE PR S L 28 300 R 2L 4 4 s e
BL A 5 Pl A G PR B T B2 S sh
Hi AT E. 2 H2 iR H — R 4l A
RG22 MR 1, AR Lk
TE DK bt PR B4R B 25 51 45 o A O e 2 LI BE 1 Bt
54 NO. 201603, Z 5 A W50 2118 #5148 5
EACID-S v

1.2 Zi#&  RH Opti-Knee B¢ 1512 3 Yy 58 2 80k
WAL (F . YD-OK-694-DSP18) & H it £ iz 3 F 1%
(GBS  KF-205D)  bRic SR A 4 14F . i Ak i & 432
Opti-Knee i 567732 3 2 58 2 B0k I 4O 25 Hh fi 5 2
A5 R A M s 56 4 7 A A7 I A 3 Sl . 23 A g O g
KHELATHR 6 A AR EM T Eah(E 1, K
T SCHT 6 11 FR R 4300 hy Jei oty /e JRe LA/ 0N B L 9
Jié /S IE HTJE AL RS L AMY RS R A7 B . Opti-Knee
WX B SRS BARMALH 2 4% 1 RIS 5%
PR LT . LI I B 4% 2RI Opti-Knee

Chinese Journal of Rehabilitation,Jan 2020, Vol. 35 No. 1

WA IB S I e S B I ASCRI AR DG B 45 . AT R Il
SRS B AR L TR AR R AN R . O NGRS
I8 B R B A L ) 8 B A 52 A 0 1) /) TR R R
b B 0B B 0 A5 — S i AR S R Y =
Oy 22— A VR LT B 4 A R R A
B WA 2 530 T A TR B S R R E (LR 2)
@ B MR AE S5bR A « i B A0 T B B 9 AN AR b Ry
AEB PEARIC A CUL I 3) o K 38 B 4R BT W0 7R B PR A il
AL CULTEL 4) o b B 36 G 38 424 b 2 2 0 AT o] 2 A
8. A7 Ik 155 2R O &z 8l 268 A MNART , 323
N AE B DAL PR AE B AP (B 15 0. 8km/
) AT B BB S DU 32 035 A 28 A8 00 b DLP
WESITE . RIRZ R E W ELEE; QX SR
A R R i B CR SR B[R] S 15, o5 i SR A2 P 4L
B2 A3 REZINHE 15s BB SEUE . A BERS BE A
<2 B E AE<T2mm,

1.3 3P nsfe G A e £ A R ) i DG Y Bk TR
RS9 6 A B HEEJE il £ AR — s S A R
KAP A SRS K A . F8 AR T i RS AR
A8h o 5 AR BE I A S ARG b L AE 32l R OC
JE| L A A, A8 O 47 1 P 25 M R AE AR EA T A I
SRJE RN R SR 1] B OC R TE TR AL L S RO
) PR B B R OC R R e T R O T Y A
BRADLIE] o 4 565 78 15 B i, 3 1 i $E 1R R AR C A RS
Bl T RALSE I i S AR AR T AT A A AR AL T
AAFMESCN BB B GO0, OF LB 3R AT 6 A 3l B
Wiz g 2 . B /R A B P R L PR /A Y A
JEBCHE AT JE DL L AN RS AN R 6 RS B 38 B B dE
LER

L4 %t Frd RASGIEM SPSS 20. 0 #H175K
P b3 X 2 AT A T R OB R K-S IE AR
B AR s Bom. 2 HEBSF G ES DA .8 H
BRI AEA ¢ K50 45 2 R ARFF & IES 01
MR A Wilexon JESEBR K 56 . MK N P<
0.05,

R 2 4G — A OB A

w AR PE I () 9 B R B s NGy BMI

- " %,z Es) 5 /4 Azt gl /s =M/ 450 (em,z £5) (kg,x £ (kg/m*,z £s)
WEEH 60 56.14412.22 43/17 5.6143.39 20/40 22/38 164.32+7.84 62.56+5.62 23.6442.57
XTHEZH 60 57.22+13.62 39/21 — - - 166.35+7.76 63.4317.23 27.614+2.88




PR - 2020 4F 1 H - 45 35 %4 1 )

e
e WA

a2 221
JE WA

IRERE

Em%:gzl
RE#E

KT

B4 Bl ELEFE

W2 2 £ 35 04 A I OG5 e ] L P A E L P A1 R
15 2l 3 P 34 25 %) BE 24 b 2 0k /D> (P<C0. 01, 0. 05) , fH 7E
[N R 2 S VA % (NS P NV AT N SN O o e e
MK ERHY TN FH A, WA R FH R KM M.
KE A 5% B B A 3 I8 35 0 /b (P <C0. 05, 0. 01),
W% 2,

3 Wig

AT 5T 25 AR S - WL 5E 2 R0 3 A A D0 IR 5 1 i il
PN AMIE A A B e A A R e DR A 435 2l RS (2
F o ABTERTE AL B8 L LN LR RN AL RS T BT
Bl e 2 21 e S i i R AL

BT A7 il A v Ml e A6 5 28 25 D0 RE B4 DA L AR
P RN R IR Zh B B9 AE » 0 2 S 088 O 1 AR
KRR VR AE T A O T A I B9 a2 B 1S
Bl EICTAT SR — AN MG 7 i IR A AR E

21

MR AL B 0GR F
/IR 2 B e A5 0 F
.52 0 B2 251012 0 o1 % L5 O 0
5 TE T A 25 o T 60 D 3 SRR T
A R A5 1 0 O 07 (WS 5 RS2 2
3.1 MM EAR A LA Sh AR RSN E R AL A 0 3L
B A [ P TR X R A G
S AR G T8 B % S o %
T B 5 AT B 7] 552 5 0%
T 9% 5 o ST LIS R 92 5% 0 JE DA 2 17 1
RN J8 R I B (G B T A 5 25 8 2 B
L84 FUAS BT 30 16860 00 55 4 51 L 4
SO T 2005 R 4 350/ 0 JRAL. L T R
GRS 75 T 0 RS 0140 00 T B 2 WA oy
A0 T L B SR OLTE 60 LK 1 5 B 15
B I A [ T 9 S B A A
70 B L 80T S R R 2
T B 7 52 15 0 0 o 5 0 00T I 60 B
R B A T T T B 60 2 B 00
R S U 3 L R 0 — A BE 9 X
R
3.2 MEMIMER KR A A A H EFHIEE KA AT
G4 REE 5% L2 3 o1 5 0 A4 00 I 40 F A
GRS HEVS eI P PN
SURT R 180 B T S P 128 . FEOL
SN 0 G030 B DR B T 4
TS0 320 5] 0 14T A8 e 0 2 1 o
ok L LD E A o R A
FEAEIT 0 TR B0 20 R G 2
2 AR REOR (R 17 2 8 0 OR
A E L B R
bR SR 000 50 T R
SECL B I W31 56 5 B A o
M 15§ 2 1 2 1 KM B P 0 i
0T 3 0 T 2 5 T 4 9
U SRR 95 20 05 E 0 9 o
B0 T A B 2 A2 L
M P JPRNE TR 1 LB AT ORGERE =2

T2 WLEE L e e vk IR AL OG5 4% 30 0 Y L L e R A LR *,xts
gl n i N A1 JiE 2B il JA (L% ETA PSR e KA fA e KR f
WA 60 41.17+11.51° 11.5946.05° 6,1943,99*  1.474+0.89  1.0840.68  0.72-0.44  3,384:5.02° 44,55+16,53"
XML 60 58.8543.71  13.5743.81  8.2943.10  1.3940.46  1.2540.39  0.8350.31  8.8849.70  67.73-£13.41
P <0. 01 0.018 0. 049 0.320 0.360 0.032 <0.01

XA E,* P<<0. 05, P<<0. 01



22

VLI U S50 (g AF g e WY« i 0 R g 0 I 0%
DU A M I 2 3l 7 R e R R A R 45 S A A R
b A BE R TR S5 9 A S B34 5 IE W A7 AE 3%
ZESt . X GABILR — B HRIEM T Opti-knee
i 5% 71 a gl A I 2 Gt RE A R0 WL g 5 T 1 251 il 17
iz s AR AL

TEABIEGE 148 S B 70 I A o B e 20 25 58 3 o AR
G BB A A AR O T 5C 1 PR 4 A L LB A 2 Opti-
Knee i 59512 8h 2 i 2 BOK U A TG 25 00 44 L% 0 H
PRIRAOL AR BE o [ o £ 4> S5 B RS2 A A RN Rt s s
IO T A AR . i Opti-Knee BT 12 3 U1 fiE
Z RGN ASC 53 M A e S8 & e 000 g 5 3 3% 2 9 [ T LA
T 1o 5 i 2D A5 FEACRRAE L O R — 2P B B A I R R
Pl R A .

(&% k]

[1] MR, E3CRR. A RN A% o S0 238 L R 5 I PE T2 40 0 e 45 2R R
I, b 2R 22 ,2017,50(5) :337-337.,

(2] #BOLW. 2R ERE. . BRI A 85 i 2D 2 F b
FTREJIRsE L] ], v R A B 2 Ak K . 201025 (10) : 942-946.

[3] FAld, SR AR 5. AP A I 908 A8 4 10 =B 4y
BrlId. o B A B 55 928 . 2013, 19(9) : 860-862.

(4] AT RNENR TS EEEESIT TR N AR
PR R oA 5 8 30 . 2017,17(26) : 33-36.

[5] Portnoy S, Frechtel A, Raveh E, et al. Prevention of Genu Re-
curvatum in Poststroke Patients Using a Hinged Soft Knee Ortho-
sis[J]. PM R,2015,7(10):1042-1051.

[6] Wang Y., Bontempi B, Hong S M, et al. A comprehensive analy-
sis of gait impairment after experimental stroke and the therapeu-
tic effect of environmental enrichment in rats[J]. J Cereb Blood
Flow Metab,2008,28(12) :1936-1950.

L7] JRAE. mE S e 2 s 5w 20100) . o E Il IR B A4
J4i,2011,2(3) :50-59.

(8] HZE, &K A . WO B Wi i 3 Kl R SCLTD. hAe
it 390 45 W A 2% s . 2005, 10(2) - 89-91.

L9 Fademg. w7 =X M 56 5 %7 I 2 % Ml A v dg 0 A8 3 R 3 A 1 5% i)
[J]. HEHEK.2016,31(3):195-196.

[10] XIEZ AP, EH MR WS sh 4tk 1], [ Fr B Al 2% 54
2,2002,23(3) :148-150.

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Chinese Journal of Rehabilitation,Jan 2020, Vol. 35 No. 1

TR SOMTL AT R R A O R RS IR R g g2
FeA ()], P EEE 2K .2004.19(1) . 28-29.
VLR UAE WS i 2D A G R B A AT LT . o R AT B A
#,2007,22(10) :918-920.

SO FRER L BRHE L AL 2D A KR K R A R X I 4 e o A
HLATRR R LT ], b B A BE 2 k0K, 2011, 26 (6) : 529-
532.

WOLT 22 BEE S, R0 A T fn AT R I i = 4
BEPERFSALI] pey M % 5 REE 24, 2010,32(9)
673-676.

XSS BEEOR B B A TR M A A I IR R SR L.
YR o SRR %K. 2016, 38(1) . 72-75.

Park S W, Son SM, Lee N K. Exercise-induced muscle fatigue in
the unaffected knee joint and its influence on postural control and
lower limb kinematics in stroke patients[ J]. v [E 28 7 2E 9F 57
(FE3CHR) +2017,12(5) 1 765-769.

Andrade A G P, Polese ] C, Paolucci L A, et al. Functional data
analyses for the assessment of joint power profiles during gait of
stroke subjects[J]. Journal of Applied Biomechanics, 2014, 30
(2):348-352.

Kesar T M, Binder-Macleod S A, Hicks G E, et al. Minimal de-
tectable change for gait variables collected during treadmill walk-
ing in individuals post-stroke[J]. Gait & Posture,2011,33(2):
314-317.

S5 HL D I 2% 2 L A A v R R R b T o e [T DL o I e
,2019,34(1):39-41.

BEMREE AT KO, AL TR AR G T 4 i I R X i A v g e AR A
AATREI MR, o [ 52 A 4 O 2 5, 2012, 15(21) 2 53-
55.

RS =R T 3 2 SR P g~ et S T R
hE R ,2018,33(1) . 7-10.

Davies R J, Parker J, Mccullagh P, et al. A Personalized Self-
Management Rehabilitation System for Stroke Survivors: A
Quantitative Gait Analysis Using a Smart Insole[ J]. Jmir Reha-
bilitation & Assistive Technologies,2016,3(2) :ell.

Cdm N, Van D P J, Hermens H J, et al. The influence of early
or delayed provision of ankle-foot orthoses on pelvis, hip and knee
kinematics in patients with sub-acute stroke: A randomized con-
trolled trial[J]. Gait & Posture,2018,63:260-267.
VLR UAE W T4 2D A G A B A e LD ). o R A 2
,2007,22(10):918-920.

% @ B W




