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Effect of Muscle Strength of Lower Extremity on the Coordination Pattern for
Chronic Stroke Patients during Walking
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Abstract

The purpose of this study was to investigate the effect of muscle strength on the paraplegic and non-paraplegic side of stroke patients
on intra-lower limb coordination (CRP) and coordination variability (CRPv) during walking. Ten stroke patients, who registered at the U
Welfare Center for the Disabled in Gyeonggi-do, were participated in this study. Isometric muscle strength were measured. The raw data
was acquired while walking through an infrared camera. The CRP and CRPv were calculated in this study. As a result of this study, it
was shown that the coordination pattern on the paraplegic side of stroke patients was related to the strength of the ankle joint, and the
coordination pattern on the non-paraplegic side was overall related to the strength of the hip joint, knee joint, and ankle joint (2£.05).
Moreover, the greater the dorsiflexor muscle strength makes the stronger the lower extremity control. In the non-paraplegic side, the
better the strength of the knee flexor and dorsiflexor muscles of the ankle joint provide the more correct movement for absorbing shock
and improving propulsion during walking. Therefore, the results of this study can provide a quantitative basis for selectively strengthening
the coordination pattern of specific joints. Also, This results can provide the information for functional improvement of stroke patients
and predicting risk factors that may occur during rehabilitation.
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HEF(stroke) > AR FFAVEA A & SR, 9ol
N ZAo| FEAcw FFHA o} WA HH o 7159 &
AL zHsta, AlAe] 71%A Ael(functional disordenNE ik
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w @TME HET A A ZHol By A oA Y]
s 9 e Hsll mixE Y AHRI] st HEF
StAE0] B Al yehte= CRPSE CRP variability (CRPVDE 4t
Estaat stk ol W} HEFT dAEe 2 A iF, 3,

0 REs gy B, TS B, 0T B sze 4B olg

sto] B o AV B, T1e)a Ao CRPS:
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5 3, stE ST i, 99 i YE-FE
A s, 9 #HH oMEA-FE W 2508, 99
A YIH-F5 B YA, 75 B onid-ds B
S/ A4S 25, 75 3 S48 3 U, 5 3
A Qs d-dE #d /Ui Bates, James, & Osternig, 1978;
Hamill et al, 1999. of«, B A AN 7imjgks B3l H5
H 3A AAElolEE st Ak Az BHZS ALkt
Hom, 7b FsH wWE ZAHA(9D% AEE(wDE A=
o} Z+ HojHe B481A sl RS 71FECE 100%E BIF
(normalization) =1 0™, FHHAHN T FAHAER)S 7]FL
2 +13} -12 (FA DI FADE Tl EF8Eo] H7l2E
F A cartesian coordination system)Z5-8 =23 A|(polar coordination
system = W= QUTE S23A WellA 7 43 o oz
(phase angle) <F2] < T3k 0-180° oA A=, A=
H ZF 2 e e AE Fsle] CRPZ A= Th
2x[6;—min (6;)]

max(6;)-min (6;)
Z2A 2. Vertical — axis: w; = —t

34] 1: Horizontal — axis: 8; =

max(|w;])
43 phase angle = tan™?! (Z—‘l)

7} CRPY] g2 0° ol 7WH4E fARE 3
(in-phase), 180° o 7W}eE Wit wWake] ¥ o]
(out-of-phase)E- 2|m|aHA| ). gk CRPvell thah A#2Ql =]
2 AE3p7) 98l B | CRPYEE Al 37t 37t
FEFHAstandard  deviation)& AL, ©]E  EFEYTHvan
Emmerik & Wagenaar, 199%). £ dA7olA €88 ZE dojE=
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heel-contact, Event DFE SU SHE thy o] AHo| B+
<7HR/L heel-contact, Event 2744l B3 F7)(cyce)S £4 +
ZHphase) 0.2 73}k

4, SAHRE]

2 d7e B3 Al HEF SAEY IS HepREY &4
Z8o] 34 U 43} #de) CRP9} CRPvel mlAj& 9&s o
ol®7] sk, SPSS 18.0 (BM, USA) =18 E3) m]oj<9]
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Table 1, Descriptive statistics of muscle strength in lower extremities

unit: deg,

. . Hip Hip Knee Knee Ankle Ankle
Variables Side fleion extension fiexion extension dors pn.
P 046 078 017 017 013 038
Muscle strength +033 054 +054 +0.21 4015 +027
(N'mykg) NP 063 188 058 193 029 066
+0.32 +)82 +0.37 +091 +017 +043
Note, paretic [F], non-paretic [NF].
Table 2, Desoriptive statistics of CRP and CRPv between lower segments unit: deg,
. ! Thigh abd /add, Thigh ext /int rot, Shank ext /introt,
Variables Side - Sherk albd /ack) - Shenk ext/ft ot _ Foot ever /i,
oRP P 50.82+27 33 36.56+16.66 115,77+13.32
NP 5090+19.43 34574860 10514414 24
Ry P 18.95+6 44 23.35+1057 25214967
NP 27 024946 252145 11 2818+525
Note, paretic [F], non-paretic [NF].
Table 3, Descriptive statistics of CRP and CRPv between lower joints unit: deg,
. ! Hip abd /add, Hp ext/ntrot, - Hp ed/ntrot, -  Knee abd/add, ~ Knee ext/introt, -
Variables Sk ke edfmiol  Kueefleced,  Kuee ad/add, - Ake dorsiplan, T/ i Ke Aok ever
OFP P 56.46+20 49 7156+1814 64.99+2019 78.99+16 63 112.68+20.18 91.24+21 89
NP 68.94+17 61 86.20+18.08 66.26+22.73 90.45+2074 11355+1343 77 372567
CRPV P 27 29+7 66 27 72+723 294347 23 18,5844 40 17814417 304747 19
NP 31844513 26.54+369 27 06+323 167945 22 20,2647 56 31.48+7.96
Note, paretic [F], non-paretic [NF].
Table 4, Correlation between muscle strength and coordination pattem of segments
Thigh abd /add, Thigh ext /int rot, Shank ext /it rot,
Variebles Side - Shank abd /add, - Shank ext /int rot, - Foot ever finv,
CRP CRPv CRP CRPv CRP CRPv
il% 7] (fs (4] 7] 7]
Hip P -17(62) 21(55) 14(68) -10(77) 04(90) - 04(90)
flexion NP 4915 54(10) -10(.76) -43(21) -21(55) 0979
Hip P -28(41) 34(33) 0882) -01(97) -09(.78) 40(.25)
extension NP 00(99) 22(52) 14(68) 04(89 -19(59) 17(63)
Knee P -19(60) 33(.34) 30(.39) 27(45) 28(42) 07(83)
flexion NP 22(54) 20(56) 01(96) - 54(10) - 65(04)* 18(61)
Knee P - 15(66) 20(56) 34(33) 33(.34) 24(40) -15(67)
extension NP 39(25) 47(17) 13(70) -.38(27) -43(20) 03(91)
Ankle P 67( 03" 45(18) 3039 18(60) 16(65) -13(70)
dorsi NP 58(07) 35(31) - 55(.09) - 53(11) 30(.39) - 34(33)
Ankle P 17(62) 11(75) 2352) 22(52) -02(94) - 18(61)
plan NP 44(20) 06(85) 22(53 -.32(35) - 14(89) - 20(56)
Note, * significantly  correlated at p{.05; paretic [P, non-paretic [NP|.
Table 5, Correlation between muscle strength and coordination pattem of joints
Hip abd /add, Hip ext /it rot, Hip ext /it rot, Knee abd./add, Knee flex /ext, Knee ext /int rot,
Varigbles Side - Knee ext/introt. - Knee flex fext. - abd /a0d, - Arkle dorsi/plan, - Ankie ever finv, - Ankle ever finv.
CRP CRPv d CRPv CRP CRPv CRP CRPv CRP CRPv P CRPv
ifs ife) M d M if7) if] [ if7] iy ife]
Hip P 25( 46) 25(48)  -05(87) -45(18) -31(37) -BA(10) -27(43) -38(27) -42(22)  25(47)  -47(16) 04(91)
fledkon NP 64(04F 0489  47(16) -20(56) 2841 -38(27)  -01(96) -06(80) -37(28 4222  -5907) 26(46)
Hip P 53 11) 44190 01(96) -02(93) -34(33) -31(37) -40(24 0293 -38(27) 4914  -60(06) 26( 46)
extension NP 25(48) -16(64) 31(36) -32(36) 2941 -28(43)  -2547) -54(100 -0980) 01(98  -07(83)  -15(66)
Knee P -3534) 2351) 16(64) -10(77) -14(68 13(71) 05(87) 14(68) -52(12)  70(02) 20(56) 46(17)
fleion NP 67(03F -0979  21(54) -07(83)  31(37) -18(60)  15(66) -4914) -44(19) 2842  -42(21) 06(85)
Knee P -21(55  42(21) -0393 -01(98) 10(78 41(23) 20057)  -34(33 -27(43)  21(59) 05(88) 60(.06)
exension NP 5807) -10(77) 43200 -13(72) 3728 -27(43  1861) -2253 -5410)  47(16)  -3827) 16(.65)
Ankle P -37(28) 0392 -04(90) -0881) -17(62) -04(89 -19(58 0489 -46(18  38(27) 07(84) 14(69)
dorsi NP 2842 -2351) -0393  07(84) -33(35 -40(24 -42(22) 13(71)  15(67) -27(44) -65(04)F  -27(44)
Ankle P -13(72)  40(24) -09(82 0392 25(47) 30(29) -13(71) -36(30) -06(86) -13(70)  -04(90) 47(16)
plan NP 22(53) -24(48)  33(34) -25(47) 2547 -02(95)  05(87) -24(50) -36(29  33(34) -40(24) 19(58)

Note, * significantly correlated at p{.05;  paretic [P}, non-paretic [NP).
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