4 1 7 P55 RS W2 B U A R D T RERY 35 X OV i FeiE
pij| i Z B

E B

B i AE R T & o> Fp AR IRE SR DIRIGC X BRI T, ABEDAY 7o BIETEB i L T BY
Hib s DL D ENMBIRT WS, BEAMEBRREO TIICHT) e ) 7 —v a v &
ST BT, WSO ERT A S EIXHETH L, APIGED HANL, EBMEIC X S
MtECEE L, ThbaTERTHI L THoT.

134 ORI BE D WERE L LTS L o, Bl G2 Wi 2 0 T o R
Frk & U C FRR=ZEEA O 55 (muscle thickness: MT), # £ (fascicle length: FL), IR
(pennation angle: PA) %, %7 JJ22f9%5rk & U CRBIET & kO 2 7 4 7 2 A 2 JIE L1,
W5 O T REI R 5 Tk R IR IR O ST A7 30% AL A *F 5 & U CIPEIE PNl 8H  (gastrocnemius
medialis: MG), WBEBE /M8 (gastrocnemius lateralis: LG), & F # /i (soleus: SOL) 7% il
Ltco A7 4 73 ADOWETLE, WEE KBS R X OWERIET 90° i dh DR A & v, 2B
i 5°/s T 20° 2> BT 20° ¥ CHBIICITIE S i, HOBRBMEED 7 2 —x L2
PSR X O D A 7 1 7 F AKFRMHE & JERRB IO W TRIE D B 5 t BuE 217\, 2R
EfEA L+ 5 FL28ME, PAZSML, PR, RIEME O ZIeELE O 58 M 24T - 7o

MT 122\ Tl MG O B Tl 14.6 = 25 mm TH H, FERRME M T1L 16.6 = 3.8 mm T,
BRSO TR 25 L CR(EA /R L7c Ay (p < 0.05), LG ¥ X O'SOL TlXAEREIALR
otz BRBHNC 31 % FLIE MG T3 28.1 + 6.8 mm, LG T 385 + 14.9 mm, SOL Tit
301 £84mm THH, FERBMICIE: TS FLITMG Tix41.1 £8.0 mm, LG Tix51.0+ 15.0
mm, SOL Ci%42.5 + 9.0 mm C, KRB 2R BEMNICH L ChHRBICE 2 - e i, PAW
LG ORI Trx 9.3 = 3.0°, FEMIH T3 15.5 = 6.8° T, BRI A IERRS AN U CIKAE %
AL (p<0.05), MG ¥ X O'SOL TIRAEE A ITA LR - 7e, BRI X -
THELNI RSO 2T ¢ 7 % 2RI 0.133 = 0.046 Nm/° TH b, FERIM A 0.097 +
0.038 Nm/° T, MREMIAIERRBLM & bz U TR EICE A= Lic (p <0.05), ¥/, MG, LG
DATF 4 7 F ATREEA T H R E R 0.259 = 0.153 Nm/mm, 0.181 + 0.133 Nm/mm T#H v, IE
BRI T 13 % £ 0 0.139 £ 0.069 Nm/mm, 0.087 =+ 0.070 Nm/mm T MG & LG DA F 1+ 7
AT RRFEL AN IE R & B L TR B & o 7. Lv L, SOL TLRmMl T & /&L &
bRIhote, & bIcflBiiy /e R SR s\, B0 B EE 28 i k3 5 FL O ff
FUIMG % X OYLG CllBRBAl & el CH B s A A B icdh @, SOL TikAib
nish o o

AW OFER D, MIMEFREE O X 5 ferP ikl R ORI X 2 B2 E T 5 2 LT,
W OTREN « DR CARE R EMEU B 2 EDVRE T, T Th, FORBI KT
THHe T AHL 0y M TchAPEHTELRLTV D, BREAMIOAT + 73 2%
WD Y NEY T — =2 Vi U b EFHROMBAZECINZ T, ORI /s
b BB TRETH D Z EPRB S R,

F—T—F BRI, FOMRRRRE, MEREE, BEREGRZEE, AT 7 xR
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1. ¥&E

i T - AR 7 £ X 2 BRI T, BAFICH o RO B i X 2 BERAIEA L
FEVERRBEAMVE U, BHRAR OB THE 7o & 35| E 2 S n MO SRS o iSRRI S &
IO OBEROBANRRTH D, Lhucfhv, BEECHOAT 4+ 7 % 208N
fTebEhn Y, YRR O T AR & Uc g i, SEBIROMIC X ) BIETT BN (Range of
Motion: ROM) D4, BHEiO 27 1+ 7 32 20N, 7% v Ao, mioRd, s
RO, BV OISO EAVEL 5 2 ERMEIRT WS, 2o X 51 Tl
DEBEEREELE U s, Eio X 5 B~ 0ZT, BT oS
iz, i ~OHEDOERTHLbIh, EFEOHNMETTA I E0nBE&EI R
7% 004245

SR X 2 FHH~ ORI T 25 L LT, BRIKOBIE CIEFHI72 ROM 7 A
FAACBR D, i X BFiFHE R R OHUEC ZKEE D ) 2 7 HEEIT O b O
D, FEFHRROM T A MIt T A NDAFARLEBOEEL G LD, KB, 24
PO HRAD D B, A, ik & L% G o8 TR T B 5 HilE R Gtk o A
T4 7 R AR, BHIKSHLE 75 £ ORI O Rk sk B R ekl A 3 A R A M T R
TWwB M, ShbORFETE, FRREES O EBIMIR U T EE) 21T - 7o R0 Z 8) »
Ny MR E LRI DR R T O LA SR, MY BRHRS I X A ORI O A F 5
7 BOREMERHDAT 4 7 2 ADHIMC X > Thicb &3 s 2 LWL IRER TV MY,

FWE G2 X0 AR A IERERICY 7 v 2 1 2 THIT 5 2 L AR & 7

D, flHEOHBEGEOREHICT OV TE L DMANMEL R T E R PPN, Fi, FEEPK
BEXGLE LIRS MRS, MNEREECERMIAG /c &1 X 2B ANEmHERES, JEB)RE
L BB OWAY, HHECHEKO AT 4 72 20E b ERARE IR T W
7% SMARIGITAATIE) % 3o - Shortland et al.* VIR D B B W O Tk &, R R T BT,
ke (fascicle length: FL) 12781372 <, O BREAIERIE O ZE L5 o HfE N5 R Tl 7o &
HEL D, TDO—T, BEDDLMKEEEOFERNAEREICHECFLTHS Z NG
I RTED B39 Lietal? (A BRBBEZCE W TR CREDH 5 LB O FL VA&
WWHEWZ ERIRE LT D, 20X CMEEEL2E T 285 oW onwTi, Wk
B C—3 L AR E b Tuioun, AT 0% SRR & LTuw 505, @ 7o
%D L5 I PO LB R L, B BB A THE TH 2 8556y, SN
&L AFEAEBE TSI s e 7 AF L 0 b, ERMES S CPEEC A S RZEfnik C
BB, Livl, Ny FUA DX S AMNENTTHEL BB, ©F 2ok
PERERG & 0 AT 5 2 L0 b, HZFEMIBRESLCRICIL . T2z baunw, T
BRI 2 LR T & X R e 0 TR OFc et 5 ik B E S O 5 70, ik
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Jibd i AR B W s 1 % BRI O TZRERY Js & O 0k 5

MEDLSTEL T BRI TH S, HIC, FEHEEE TRERTA2HEMNT E LS
D, fHE T S L HEAEO D TR A & BRI E G, S0 X 5, EBE &%
BOFECT LY, BKEREEEE O OB DR DB L b R T S 2 L0
FTHEIAZLD, MNEREEFECSCTPEG & & 7 A8, 7% v ARORM: 2 RRHCRE L
TR BT %, ZDlcsd, RMNEREEEE TS\ CHEFHTH 5 e 7 £ i & B
MCHBPNEHDOAT 4+ 7 7 ADENPRBEAMOAT 4 7 2 A EDORE, HELTRIFL TS
DD WTEARATH B, FOBRLEL L Lt 5 R Ttk 0Bk 2 Bfg %
WD 5H 2 ik, Bttt » =X 22 bc L, MNEREEED ) ~EY 5 —
va VHYEET 5B s EEZ b,

RBFFETLL, SEBRREER A U 2 B HRE 02 LA E R T2 2 E 2B E LT,
P4 A R 2 D R T I D E R A 4T o Foo BAKINICIE,  JEPHET A LB IC BN F S B e BR o R HE
RO EERSDZE) b v 2 BHEE L, BEREEGC X0 B HEES P (Gastrocnemius
Medialis: MG), WEIER#HAIEE (Gastrocnemius Lateralis: LG), & F 2 #)j (Soleus: SOL), 7 %
VAR OB RERE R L, B3 B IR A R & JERRELO C i U A, R
R, FERREM - e oW CZBIEIR TH A MG F5 X VLG L HEEIT©H 5 SOL, * L
T7FVABONFRRFEEZR LT HZ LI 5T, ARV oy FREIANEYTF—2 oV
CRTHFHICHLT, L @hRALEARETHZENAETHH LD EELZDN S,

2. H&

(1) #HEE

134 (24, HME114) OMMEREERS (65.1 £ 6.0, 163.3 +6.0cm, 60.5* 7.7
kg, TR 100 = 5.84F) HEERE L L TCERCEM UL (£, ERERRIC, HEs
L OZEG DD ORGBTER IR T E Ik o eEBRE T Vi, Fhie [—) s, *f
SEBRE OBEEIAE Y, THEIED EAMBL Wb &, HEBINRETH D, TN
Bmte S THBITNURETH B 2 &, BE CORBMIEE M v 7 RENMT2 52 L, HEF L
TOENEREDT 5 X 5 REBME M2 RS NS L ThoTe, The, MEWHRE DK
SRILUEL, BRI OBEN DL Z L, TROM-C R, BWBEICAR I FAEL B
52 ETho ™Y, Pl O Modified Ashworth scale (MAS) VEFRB o /E RIS T 2.5 + 1.4
(0-4) THhote, EEBRICHALD, BB IR ONBICOWTOFHBAEIT, FEE B,
KPFFECTEMT 2EHRONE, 7ot al, BIOTHEINAGEERES X OFOREIZOWT
i, ENVIEEZE Y ACY) F—2 g v v X R OMGERE S OB YT,
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(2) YRTLIER

AWFRIL 2 O OWE TR I i, 1oHIMA A LEHASOKEREETHY, <
e X RBIEIA~ O MBI 7o AT EB) A e L 7ce v A T ARERA N 1R T, AEEILHE
BFoOBEH LK 725 ax—2 (HEH Y v &£ SCN5-010-050-S03, Dyadic Systems,
Ishikawa, Japan) % PLE L 7 v b VA S A A[ELT 5L O, 2607 7 F 2 = — 2 &
T OB MCOHTIRERBL, vV v Xuy FEME 7 » b v A M D) e Ses
LT, v vRuy FORGEOERHEY, 7 v b v A OREGEICER L7, BfEdicix
7 v b VA b BRI ICRRE Lic AT v v 4 2 — & (CP-2FB, Midori Precisions, Tokyo, Japan) X
D RBAEIME R, 7 v b v A D4 LE L e — F e (LMA-100N, Kyowa Electric
Instruments, Tokyo, Japan) X » 18 28/ EHRIOMEME» B TFOXE A CCZE b v 7 ZHE
Lic (K2),

Table 1 Characteristics of stroke patients

D FOCUS Paralyzed side  Years past injury
1 | left hemisphere R -
2 H left hemisphere R —
3 | left hemisphere R 19
4 H  left hemisphere R 18
5 H right hemisphere L 10
6 I right hemisphere L 13
7 H thalamus R 11
8 H = L 9
a | left hemisphere R 3
10 H thalamus L -
11 1 T R 3
12 ¥  right hemisphere L 11
13 H left hemisphere R 3

I: brain infarction, H: brain hemorrhage
% : multiple cerebral infarction

i

Figure 1. Experimental set-up
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o4 0L RS T B 2 s U % BRI O T RER Js L OS) SRR 7

@ |f

o | @

[ b Fur

P
&iﬁr

Figure 2. Torque calculation

N,

_z (FOO + Fx0) —
z = 2[1+ 7

(FOz+sz)]

T=(z-2aXx F
(z: 79 N7V —bRDDDBEERTDELD, Z: 7y 7 v—bDzHORE, F,~F,:
Go— Ke A OMWEE P BHER T A2, 2 RESEEROSD o — e F,

F,, D) o

20 H NS IS 2 W28 (Pro sound 2, ALOKA, Tokyo, Japan) THh h, AEEIZL D F
BR = AN O TERERRENE 3 X OB 7 2 BAFTE 5 IE 3By © MG, LG, SOL @ JJ~iykeik %
WUt MEME X TRE BE» PSR E TORE) O 30% MAz & L™,
77 F 2z — 2L AMENEE OIS LR T A v v 2 FAE S E AL, @I
G2 E & RIS w7, RRIEIAE &~ v 2 & 100Hz, BE IR E G2 S B IC X 5 Hiig 4
30Hz THUE L7z,

(3) EEBFIE

FER O F MR U CHBRF PR EA 2 B L, BRG], JERREM, &l TR— 0
FEBRTFIHC X - T, FA—DR7 2 —2 %R Uiz, BEM, FERBEMO EH 5 A LciilEd s
DNET VA XCREL, 2BOFHRIEEERFICOWT LEA O S TEBEN & Ui,
PR B, %;U%%%mr@%rﬁfﬁﬁﬁﬁﬁw<%%$%E&>%&bm,ﬁ%
W G Wi B AL B TR OTREMER M 2 IE S te, £ Ok, JERIEN O B 7o FE 15 Ji 3E B 2
1T 9 BRI 4 D o D1 KIRED & AR R ER 2 IRt D A b 7 » 7 CRE I ufe, THRER & JEET L
EEICAE L T BIMHEED A + T v T TREIEL, OB B O ElfgH & B oo [alEx
FROEER LIS, Fie, RESERALIC RS\ CHBRE O HEh S & L&k T 20, &
WirrhRE EEHEREESA ) A A > 7 v T TENRTRETE Lic, 515, RREMTHEAAIICE -
T, 7y MU= MEEFE L e — N TR OEANE T 00 E i E R LT,

(4) TRE=EREFDIRERFFEDAIE
PeBRF IR D ZEB T, MTIRAZ NG & LT, MERs X OTR=E (MG, LG, SOL)
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DFFIE, R, FURAZRE S e, AR FRROITAL30% M55 & L, /5 (muscle
thickness: MT), FL, IKf5 (Pennation angle: PA) D% & BB 2 xR & L, 753,
MT, FL, PA OFHNCIIHEEEEGRZHIEREND Y 7 + 7 = 7 2 HwI,

(5) TRR=ZERHD NS DRIE

TRREZBERG A O LR 2 573 5 7o i, B ok & RO %L % L b, fil
By 7o R BAEN T RSB A 1T - 7o £ OB 1B CTHBRE T RIR 7n & AN D % 38 L ER,
L, FEBEHIZ K 20° 2> 55 )H 20° % T5%s TBIIICET I Lic, 7ok, T Ol IR &
¥ L OMEEE R & U CRERMEME i WA THh - 1 Y, FEBRT1IEIA O
fLBY T IE & 2 [6] B LARE O ABBY T IS ZB) v 7 AR MRS e e, AT A
DRL, 2EHHUBEOMELZ I Lch 0k 7 —x & LTHW, RITHIRBRE B 7 e
BAFI P35 b v 7 B This v X 5 iciima Lic, Zofrde, RSO AELAL
WCAES Z By b v 7 sk L, FIRPICHEEHEGBWEE C PR ARG L, EREAEA
b X OB b v 2 OISR B, FLAM, PAZALZFHAIL 7o, BEHERZ LR O 7
0 — 7 ORTHIR DB - 7o 7o, MG & SOL x4+ 23807 &, LG %3 24T m 3 <
TV, EBbbREERBT 20 DOIRFIIHHHE Z Lic T v X 2T RE Lic, £ OB RBio
B> Z8) b v 7 OBALDAITHICR%ETH S & L 2R L, T, RBEFTEIC
5 MG @ FL & BRI D A8 f 0w I~ OB B) & ik o R (dAP) & L CRIFICET
WL 7z,

(6) MRITAE

JERIEAE LB L 2 OF — 2 X 2BAML5EHETOT -2 EFIFL, h o b F 7
WH10Hz D v — R 27 4 v 2T fe, BN 7 R BIEE R oM BB, €74+
75 v AT PC RIcFER I Nc BB E OBl % MPEG XN CIRE L, ToBE% 7
V— 2 gOER (bmp X)) Bl L, SEILICER 7 » A A BTy 7 M IcBUD AR,
7 e VEERALE AT 5 Too ABFIE TR 7B I G IR B C1x, RIS B, WEE
THICFNFRFRIND L S ICHES T\ Tatedd, KHEiiG LB, BEE R O Bk
T & VRSN Z i b CACE Off s & U CHERR C & foe KV HINICAES E OO 2 —
Tl b HEEE 2N R GRS & YESRIR) D F W F R DR AE Y 7 + v = 7 ETH A LT,
F ARG SHER A G\ 72 FL Tl b BiE 2385 <, 4 ROM THERTE % b O & RATANCEIRL,
JEBAEN O BNk 5 FL 02 k% BB 1° sk ™, 1, By 7RISR
S ZE) v 2 A RBAEIAE 1° 1R, I FEIC X ) BRI URBISiO 2T 4 7
FAL LY, Ak, %8~ v 2 ATt 5 &5 o MR & R T REC X b ERERE L,

forx7 4752 LI,
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o4 0L RS T B 2 s U % BRI O T RER Js L OS) SRR 9

(7) fREHOE

b4 L A I S B D SRR & FERRIEAN o Ll L C, MT, FL, PA, ERIHio 25 1 7 % A,
MG, LG, SOL&HiAT 4+ 7 F AXDWTIHAIL DO H 5 tEx A\ 7o, REAMAE A it
5 & FLARE, PAZE b, dAP @2k, SIEHEIE O ZICEE O 5 8ot (RS or JE
FRBLR < RBAFIANK) A M-I, ACAAEH O A B Iz EH B>\~ Tk Bonferroni O HHE
AT, BN & R & O JEEE A AT o 7o, A REIKHELL 5% Kl & LT,

3. ®#R

(1) TRR=BEAR DI RERRFIE

PR O N R FE AR BB © 32.9 + 2.5 cm, FERRBEMIT34.5 =24 cm TH Y, FREM D
FDEEICRNMER R L (p <0.05), K31 FRZFEHBA D MT, FL, PA Of5E4 7T,
MT (& MG O RN Fs\ - TIEFRFLM X 0 b FRICENMAEZ R Licd O (RFEMA 14.6 +
2.5 mm, FEFBM 16.6 = 3.8 mm, p <0.001) LG ¥ X OSOL Tik, ARELEXABRERD -

2 TOICE { =P o]
* 80 A *
20 * *
50 A
E 15 |
E g
= -g-
=10 o =
20 A
L3
10 1
] T T J 0 . T
MG LG SoL MG LG SOL
L JIP ONP;
35 1
30 1
*
~ 25
< 20
15 1
10
5 o
0 4
MG LG soL
Figure 3
P: FRERI, NP: FERRHELA
MT: muscle thickness, FL: fascicle length, PA: pennation angle
*: p<0.05, P vs. NP
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72 (LG : BEBEM 11.3 + 1.9 mm, FERESIM 12.0 + 1.5 mm, p > 0.05, SOL : BEFf 15.6 + 3.2
mm, FERRHEM 18.1 = 3.8 mm, p > 0.05), FL X FREZHAFG O TR DR T b BREH & FEFRE
I CHBREN A BN, BB O T 2N IERREA & e U CEfEZ R Le (MG« BRI 28.1 +
6.8 mm, FERMM 41.1 = 8.0 mm, p <0.001, LG : FRM I 38.5 + 14.9 mm, FEFMM 51.0 £
15.0 mm, p < 0.05, SOL : BRI 30.1 = 8.4 mm, JERREM 42.5 £ 9.0 mm, p < 0.001), PA
LG RN T, BRE 2N IEFRELA & Hle U O BT AR i A 7R Le (BREH 9.3 + 3.0°, JERR
J15.5 £ 6.8°, p=10.0), L2>L7cA 5, MG B X OYSOL TIZpRE M o F5 2 IEREM X
LARMEZ RN IE B > Tc b DD, FEIRELALRI - (MG : BB 22.1 + 8.1°,
FERRELM 28.3 = 7.8°, p = 0.061, SOL : JFREL 20.2 £ 4.8°, FEREELM 24.1 = 6.5°, p = 0.095)

(2) TRE=EERRD NZERHFME

M 4 B OB b v 7 — RIS AR (R A R T, BRI & FRRREE I B\ TR e
ZHAERDH S, BB IERRA & [l U TR 10° LIRS WZ B~ v 7 2R L, 2
BAEI D A 7 4 7 5 A VKRBT 0.133 £ 0.046 Nm/° C, JERRHLM T 0.097 + 0.038 Nm/° TH -
Too BB IERRBANC R L TR\ EA R Lie (p <0.05),

X 5 1 Al B i b D 475 > FL AR — R BAFT A BAFR A 7R 37, MG CLERRIEM & JERRIE iz
AR RKLEIERNAR DI, 4T RBIETAE I 3\ TIERRBA 2B X D & FL AR
K&, EBIFAE DRI 7 513 ERREA & FRRRB O FLRE O 38m L7 (K 5A),
LG T, WM & IERREINC AR e AEAN A bR, £ CoRBEMAEICR ~TMG &
AR IERREA 2SR X 0 & AR K & 25 oo LG TR & JEFRM o i 0 7
MG & LT R DAE T, MG & 13RI ) BRI 513 E2E0ABIN L 723
Tix7e <, RBASAE 0° s bATICHER L. (K5B), SOL TIEMG % L VLG & 13 7x

o

Passive torque (Nm)
O = N Wk O~ @ ©

20

)
(=]

1

—
o
o
o

Ankle joint angle (deg)

Figure 4. Passive torque - ankle joint angle

P: FRELR,  NP: JERRELA
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Jibd i AR B W s 1 % BRI O TZRERY Js & O 0k 11

35 60 1
_ 30 _ 504
£ £
E® E a0
§ 20 §

30

g 5
5 5 501
° 10 s 2
s d
T g L 04

0 boooes 8 . X

-20 -10 0 10 20 -20 -10 0 10 20
Ankle joint angle (7) Ankle joint angle ()

70 -

60 A
€ 50
E
c 40
o
g 30 {
5
= 20
i
w ]0 4

0 ofAE T T r )
-20 -10 0 10 20

Ankle joint angle (7)

Figure 5. FL elongation - ankle joint angle

@ IR, O : JERREMA

D, RO & FERREE RN A B IR AR R D T o Fee 2 CO RS sWT, JEHR
FER D TR I RRER X » L B EZR L2, FOEIIMG 3 X OLG LT 5 &/ X
Drote (R5C), MGD AT 4 7 % A%, FRELMIC0.259 £ 0.153 Nm/mm T, JEMEHITI%0.139
+0.069 Nm/mm T, FRELAAIERRILANIC R U CABICEWEEZ R Lz (p<0.05), LGD AT 4
7 3 A%, BREA T 0.181 + 0.133 Nm/mm C, FEFRSM C1x 0.087 + 0.070 Nm/mm T, R
PIAIERREL RN R L CH RS Em MEAR R Le (p<0.05), SOLD AT 4+ 7 3 A1, WREM T
0.098 + 0.046 Nmymm C, JEREFMITIL 0.066 + 0.035 Nm/mm TH 0, FEBARASIEREBR 5t
LCRWEIIER L b DD, FRETIRIgs -7z (p = 0.057),

X 6 12 A B v o> 4 i > PA 2L — R BRI EEBE AR 27”4, MG CU ARl & JEpRsigilic
HBRZEFR AR DTz, 4 ToRBFAE IS\ TIERBEM A FEM X v & RBIFi oA
EEfbicxid 5 PAZE LK & <, EBEFIE R ALIC e 513 £ RREAN & JERRELII O 25134
M7z (K6A), LG TmREdl & JERRBANIC BB R EER N LD RIsh 5T, £ TDOR
BASIAE I B\ T MG & RIERICIERRE R 2R X » b PAZ LI K E o tcb o, HFEAL
TIHIEARE TH -7 (K6B), SOL TIXLG & RIS & FEMRB A & 2 T 1E
AR BRI - fo WIRALTIRIERE M O PAZEAIRREM L v & KEWEHA AR L (K
6C) .

B 7 i A B v D 57 dAP — R BRI A EEBASR AR 3, MG CURBREA & FERREIC 138
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dAP (mm)

dAP (mm)

delta PA (")

delta PA ()

delta PA ()
E88835 3

K

Ankle joint angle (7)

Ankle joint angle (*)

Figure 6. delta PA - ankle joint angle
@ : R, O : FERRIM

14 1 20 9
ia:4 18
16
10 1 14
8 E 12
g E
% 8
41 “ e
2] 4
2
0 . 0 " . - .
-20 -10 ] 10 20 -20 -10 [¢] 10 20
Ankle joint angle (*) Ankle joint angle (7)

Ankle joint angle ()

Figure 7. delta AP - ankle joint angle
@ : R, O - FERRIM
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Jibd i AR B W s 1 % BRI O TZRERY Js & O 0k 13

BRI A BTz, 4 Co RIS\ CIERRBM 2 FRBM X v & kX <, JERIAI
FEE NSO 7 513 & RBA & FERREM O dAP o213 L7z (K7A), LG Tii4To -
BIEI A s\ T MG & [RERICIERRIELA 2 BRBM X D & dAP SR E hrofc b DD, JRE &
BRI LA B e BAE LA DR Te - 7o, LG Tk FLZE b & R BB & JE R
DFENPMG L L CTX ) EEMALAE TS, MG 13570 ) FBALIZ 7 513 EZEN I
Bl L, JCBAE L I 5° A0 B IS FREE THER Lz (KI7B), SOL Tt MG &
AR R & FERREANC A R R B ER AR D te, T oRBIFAE ST, JEMEH
IR X D b REWEHBEERL, FOXTEEMATIYBEETH- (K70,

4., ER

(1) THR=EEF OIS

ARIFGE CRMIMEREEBRE A G L LT, BB & AR o NI 31 5 il Atk DT
FEMY R X OV AL & e U 7o, TRRBI 7o itE & U CRRMLON T IERRBE & e L ¢, #w
MT, #\FL, /M WPAZR LI (K3), Fihe, TEMBEEE LT, R—oRREAE I
LT, ZEr 7 EETHEZE (M), 7, FLMESR L OPAZAL, dAP 2MEfE T
bHZEHmL (K5 6, 7), H&oHRELFHAKCETHEMNEL WS C LR
L7,

MT DF#ERTIE MG D Z BB A FE R & His U CA Bl A R L (p <0.00D), LG
& SOL TR ARBHRI A IE RPN & Fofe U CTIRAE 2R A & - 7o DA B e 2L Tl led - 1o
Zhao et al.*’ | 3PMMFREEEH O MG & SOL ZRH R E LTMT ZHE L Tk h, MG DFRHEA
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The architectural and mechanical properties of paralyzed
muscles in patients with post stroke

Emika KATO

Abstract

Motor paralysis is well known to be due to central nervous system disorders such as stroke and leads to
higher joint torque in response to passive joint motion. To establish an effective rehabilitation approach for the
prevention of disuse syndrome, quantitative evaluation of the paralyzed muscle is quite important. The purpose
of this study was to better understand the muscle property due to motor paralysis.

Thirteen post-stroke patients participated in this study as subjects. We measured muscle thickness (MT),
fascicle length (FL), and pennation angle (PA) of the triceps surae muscles as the architectural properties of
muscles and stiffness of ankle joint and each of the triceps surae muscles as the mechanical properties, using ul-
trasonography. The measurements of the gastrocnemius medialis (MG), gastrocnemius lateralis (LG), and soleus
(SOL) were taken at a proximal level of 30% of the shank length. To measure stiffness, the subjects sat on a chair
of the dynamometer, with their hip and knee joints flexed 90° and the ankle joint was passively dorsiflexed from
20° of plantar flexion to 20° of dorsiflexion (5%s). The muscle architectural parameters and stiffness were tested
using a paired ¢ test on the paralyzed and non-paralyzed sides. The FL, PA and aponeurosis according to the
change in ankle joint angle were tested using repeated measures two-way analysis of variance.

The results of the MT (MG) was 14.6+2.5 mm on the paralyzed side and 16.6+3.8 mm on the non-paralyzed
side (p<0.05), the paralyzed side showed significantly lower value than non-paralyzed side. But the LG and SOL
did not show significant difference between paralyzed and non-paralyzed side about MT. The FLs, on the para-
lyzed side were significantly shorter than those on the non-paralyzed side in all the triceps surae muscles. On
the paralyzed side, the FLs of the MG, LG, and SOL were 28.1+6.8 mm, 38.5+14.9 mm, and 30.1+8.4 mm, re-
spectively. On the non-paralyzed side, the FLs of the MG, LG, and SOL were 41.1%+8.0 mm, 51.0+15.0 mm, and
42.5+9.0 mm, respectively. The results of the PA (LG) was 9.3+3.0° on the paralyzed side and 15.5+6.8° on the
non-paralyzed side (p<0.05), the paralyzed side showed significantly lower value than non-paralyzed side. But
the MG and SOL did not show significant difference between paralyzed and non-paralyzed side about PA. The an-
kle joint stiffness during passive ankle joint dorsiflexion on the paralyzed side was significantly greater than that
on the non-paralyzed side (0.133%+0.046 Nm/° and 0.097+0.038 Nm/°). The muscle stiffness values of the MG
and LG on the paralyzed side were 0.259+0.153 Nm/mm and 0.181+0.133 Nm/mm, respectively. The muscle
stiffness value of the MG and LG on the non-paralyzed side were 0.139+0.069 Nm/mm and 0.087+0.070
Nm/mm, respectively. MG and LG showed significantly higher muscle stiffness on the paralyzed side than non-
paralyzed side, but SOL did not show significantly difference between both sides. Similarly, the ankle joint stiff-
ness and muscle stiffness of the triceps surae muscles showed higher values on the paralyzed than on the non-
paralyzed side. In addition, muscle elongation according to the change in passive ankle dorsiflexion in the MG
and LG showed a significant interaction, but not in the SOL between the paralyzed and the non-paralyzed sides.

The present results indicated a significant alteration both architecturally and mechanically in the paralyzed
muscles by motor paralysis due to the central nervous system disorder (i.e., stroke). Especially the biarticular
muscle (i.e., the gastrocnemius muscle) was more affected than the SOL (mono-articular muscle). The present
result implies that the protocol of the rehabilitation approach for reducing muscle stiffness should consider the
anatomical characteristics of muscles due to the type of injury/disorder and the individual variability among
patients.

Keywords: paralyzed muscle, muscle architecture, stroke, ultrasonography, stiffness
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