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JE B O R Bk z JITTRT L 2 otE

mooE A e
E 5

R RSB EZOTO—ERNTH D), HBEOFHR/NT + =< Y ADN LICHFST
5T ENHILNT VD, ZOHEEHEL L CTREFRFEO L 912K S TRHli$ 2 ke g
Z TR T B TR § 5 7% &5 575, WIS WERE DI AN O E O 2D
FETERNIERS, FENAZNERELIZSVEV, —7F, B E2 TR LB E
ENBLHGBAEEPSELLMEEHOZE M VY ZFHMT A2 LT, BEOFIIRETH B A
FATARAERMTED, TOAT 4 7 3 AIWERE O ANDME 7 EDNRIE L 72728
EETOFMERAETOME T 2 L, L) FEMCHEHOXKLEZFMTErEEZ25
T, 72, FHREIIHEELMESHFIETHZ LIEHMOENTVEL00, ZNHITEE
EFBLIETHTIIOWTRSFVHLAICEN TV ARV, BE AR CIREMEi 2% & L
TATA 7AAZERL, ZEEEZBIIETRT 2R L2 ET FHEodEs: tok
IWCHEL T EPEHALNPICTAZE R HNE Lic, Ak BEELBRA27T% (274 £ 103
%, 157.8 = 6.3cm, 534 * 66kg) #AfG% & L CMBIN 2 R OWIEE M L 72 BEBRE I
Bt O Y — MWK 2R, B2 7y M7 L— MIFEEL, K 30° 555 20° T
10° G AR S A U528 bV 7 2tk L7, EMEAEE L S8 bV 2 2 ARG L
ZFOMWMEERBEEIOAT 4 73 AL Lize THOMEORE L LT RS X ORI omE
%, F7-RME OB AEEEILIAE D BEIERNMBEOHIROZL % EE T 5 720185 B
E— FETENENIE L7 b, FREMEAEIIBIZHOAT 4 72 AERD D7
W, BEWT T AT T T 0 B CHEER BB O ML %2 Wl L7z $72, SRVECRBE
MV BIOEE NIV Y &g KE))TF84E L 72 (Maximal voluntary contraction: MVC). &5
2, BNV ORKREZLRLIREELIET LI ET, PV ovh EA) #E (Rate of
torque development: RTD) %#lE L7z. F72, REEHIOAT 4 7 A A% ERERE LT, K
e cioN/-ETOMEHEE 2 M ERE LTAT Yy 77 4 Rk CEEG N %2 FhE L 72
THH B O BB R OMEI 1L, Pearson OFEHFANB AR E V72, #ER - MREMALER & L
T, UK, AE, THRE, THRETHOME, THRENHORRE, TRERORIEEICEE 2
FENAHR LN, FEEEAREICBITLZEH MV ZIZBWTIX, AELMETAON o7
W, B OAT 4 7 A RNIEBE LW ER AN, KSR AEICBT %8 NV, #
TR, I BVTCIE, AR L WS ICEE RS HMEE AR S N o 7278, TR
ﬁmfiﬁi&iﬁﬁmt PR FRRD LS N7z BGOSR, REEOAT 17

AL RTD M ZHE TH2EELRMBRPH LNz, 72, BBEOAT 4 7 4 A%k

Lfmwﬂ%m B, I bV o MVC, B Vv @ MVC, RTD (24 % 7% IE M B B A%
ﬁ&%ﬂtomm:xﬂ%fu%ﬁ%&ﬁwwm%ﬁ%ﬁmiét 2, BNV R B
@x%47%x%mmtoﬁﬁ%®x%47$ HEBEREENALN, FNICIEHERCH
7, TR ES- LT\ 2 &S 202 oto

F—TU—RN:1AT4 7R, ZE PV, HIK M LB

ACTA HUMANISTICA ET SCIENTIFICA NATURAL SCIENCE SERIES No. 45
UNIVERSITATIS SANGIO KYOTIENSIS MARCH 2018



146 TnEE A

1. ¥8

FHRMEL [ RO BT O T B HIFHN T S AdE) 2 Fg s, 2oL ifllcE»d 2 e nTES
Mgl LEFEN TG M BALABRSED - Fl O RE L L THBEO PR/ X7+ —< ¥ A
DI LR EHMONTEY “2% SHRTFRZOBEICLEE SNABEE MTIHIITAS &
NNV == 7T 2700, BHRICHEEOFREXHT 2 DY, fIZI1E, HN— FLECBYT
5B, AKOHMIEZL 2B 2BHH % L, BEOFKEIENZ & TERSNLE)
TEATIBICEITCTEL L RE STV ¥,

FHMEDOWET L L LT, VAARIER REETED L ) 1RSI TET 21N H 5,
WO ORE SIS (I il 2 WL L nizd, £ OWBRE /S &3 5B
ICHWHENTWS, 72, ZNOOMEFETHONMEIZIE, FREZRET 5% < ORI
M55 570, SFOFKEOKEL LTHWLRTELY, LirL, UnE)F—vavy
% ETHEOMMICB I AHBEN S OREBREDOTERES, AR—VEPLREENRE LTEE
DB OFRRE & BT AL, REETEO &) 228 OFRIEZ 0 G &35 HETIER
T ThHHrIEVIEHENTELYY, 220, BMEHIZEICERERZFMTL2b0E LT,
MBI (range of motion: ROM) %3 U 728FMfiASA < 47T 2“3 JIIES 2 i
E TR E L CREBE OFEHKMEL ROM TRl L, MEIN 2 EHETEICBWTEER
ROM OPFEN A SN2 & Z2HEL TV hH, L L2dth, ROM % Hv: 72 5l 12 1398 A~
D7 LB 2 ERPHERTE R VWEW) 2T LR T IRANOMEN D 5 &
WO R EASL LY EEEYEO ROM OK X S0 BIH 25 TI3fTbhTn i nig
REMEDSH B0 2D7280, FHMEOFEMICIZME 2 € — & 7 EONTITEY2 L7ZBBITE L 25 8)
Mz R, BIETMEEALL 8 Vs OZALE EREE L CEOEEX ZEEIOAT 1 7 AR L
LCEHiig 2 b o TB Y, 216 OMlEETH S N2 FkEOFHIiE ROM 12 X
BEMiL DD L VBB TH L EEZ LN TG 3BT

ORI EF LI ) TR T 2 BFNT 70 —F 138 % {, TDORX D =X LR ME
B LT EEICOWTEIAHLR SIS Ve FEEOAMEHIEM ORI E b v, ARAE
(2B TR & LR & % A b B 2 M £ BT T b 2 AR 0 OIIRR BB &
IESHER, HERSLH IO ST, HEEGEOTLIRL I F IR S B AESFEET 52 &
PSP o TE72 ™, ROM (23R % £ 72 CHBE S EROME DR A N 72 2
BAET 720, ROM OU#E BB ARO N HNHFESEET 2 2 LdRERTn2 ¥, L
2 L7%H5, Kato 5 9 OHETIIWHREOEBUC L ) EEHOTRAKEZ RO TEY, LD
WD D & D REMEOFMIC BT EBEASHHRTE TR T,

NN EEBCHIE ICFEH L CHRATR BT R L ouaE®—2 3 v 2479 720, RMEESOZHkME
AT HAE A THENEE T 2 TRESEH O TS K E B2 RIZT 2 ernTEsh

otV NES RS BHREERT 8 45 % PR30 4 3 H
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%o ZDH TG ORI O 5L 5l 5 2 & T, BEESICBIT 255 7%
FIFSHRI R A T, SV IS T + —~ v ZACEH R TR, dwdlid bl —=
THEOWMEIN DD 2 LM E LD,

Z 2T, AW TR 23S & U RO M EZAII§ 5 28) v O L% E
MJFLCAT 4 740 A% 8L, ZCEELYBLIEITR T2 L2 LT, FEorkzs
EDLHITHEL T L2 ZHoNT LT L2 HIE LT,

2. Bk

(1) #E&E

21 B DOREFE N (BI04, KUE1T 4) 23 88E & LTERICSM L (e 1 274 +
103 7% (18-47 %), &% 11578 = 63 cm, 1A 1534 + 66 kg)o WeBRFIIIFH 2 PL—= >
TRMENIFIME L E S BT o T 67, FEERFEMRE O BRI, iR R
Lipolze 7z, FEBRERO 4 RMATL VB L WEB TR L L) IBREeZT 2, 2, FE
BROSINCHE L, #BRE IFBRNEICE T 23 2 HHIC2 0 T, AEHICEATITo72 &
B, BEMERIELAR - R r Yy —MHEER L VKRB LT 72 OKEEFS 007
2015) 6

(2) KBty T12T

FEBRITE R 25 BEICRE SN ERE TEM I N7z HRE ITERE~RIG L, EBRNED
S 2 CREFICEA LR, WENRCENL 200y v a Y IZBML7z. v ¥ 3
N CHERE 1 J1EE (VTF-002, VINE, Tokyo, Japan) @3 — MERAFIZHE L CEBRTHW 5%
BeL ), ME e EMEOTER, FRETOHNIEHELZITT-72 (M1, TNETIZ—ED
FRETOFNIEET 2 -722 L O WHERE N L CEERE 23T 205, FHIlTE
SNDBMEDPLES 5L THRIMBE T ko7, 72, BREONE L LTIl H 5D
TTATWAZ L Z B THRE L 720 THMICH T AHEHBICHEL G252 EWBEINT

K1:RBEyvTr>T
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72OT = LTy TIIERPRICE EO T, EREEHN, RO, 557 Ol 0N THEER T
%H_ﬁ L 71: 16, 17, 19>O

(3) TRE, EhfizIREtAl

BHEEOLGHO THE, THROBEZEH, TRIHOHES L OEKRE, TREROHES
L ORIRIE ST CHlsE L 72 1 TREEIIMEE 2 S e /ME S COMBEZIEL, THROE
PEFRIE TREE ONTHL 30% #RA7 & L7z W% AR 2 M58 L 7= it 2 65 & L C FRRRITE 5 & OF
B OHIE & R IRIE % B33 Ik M %2 M i (Aixplorer, SuperSonic Imagine, Provence, France)
@ 7' — 7 (Super-Linear 15-4; SuperSonic Imagine; 7.5-MHz wave frequency with 38-mm
scanning length, Provence, France) # & & B35 X HICHEfF L, BE— FETHIEL
72 Vo TREEIT CIXRIICE 5 (Tibialis anterior: TA) &P E UCHIE L, TN CIIBERE
FMMEE (Gastrocnemius medialis: MG) # &R & L CHlE L7z HE & IRIEOR G-
FRMEZMEENO Y 7 N7 = 7 Tl o 72,

7, REEOMEZILICBT 2 RRELEIET i —
L7z, WERE ISR O Y — MR R E e iR
ORFEALTRBE Z 7 v b7 L — MIEDE L 72e BRI
FEEZ 0 20 30 R LA-AETHY), BHEE & EH
& MBSO 2 $AEA 1200 TH o 720 AL, BEBIEN
FIFE 90" DRI TIINAA MY ¥ Z IR oo/ L) B2 BEEBE— NEATHRELIH
BB B 2 B B A 72 7 Tl o 72, PP RADTRED SOWIA
BREEZIEEO 70— 7 % TROEEF AT L, MG OB R E &PIRA 2 U5 L 72,
WE LR 30" 2 B 20" £ T 10° T EIZAEN6 MEEIZ O W T T b7z, MG OE BRI &
BN | 2R E NI R BT T AHROE S 2 MG O REE Lz £72, Ml & R
WD 7§ M E 2 TR & U 7ze W & RIRAOFHINE, FHE & RIREOH M & FARI ¥
ERZWIEEEHNOY 7 b7 =27 Tfio7: (X 2a),

(4) ZERMEEHA
a) ZEhILY, BESDAT T RA

Wb X LR E AR O L ZE 2 L), BEEHNEtO 7 v b 7L — MIREE SNz, BE
Ty ML — MOMELTFETEREL, HhEEORBEEMEHEE 30" 5T 207 £ T 10°
TLICAF6 AEICBWT, REMBELVELLZZEI MV ZHH L. 7y b7 L— MCH
mENZAMLA Y7 =Y (model LTZ-500KA, linear range 0-5000 N; KYOWA, Osaka,
Japan) 2HEbN2T7Fa s EFIET 7 (DPM-911B; KYOWA, Osaka, Japan) CTHIE St
T, A/D ZHes: (Power Lab, 32 bit; ADInstruments, Dunedin, New Zealand) % 4L CH > 7

otV NES RS AR 5 45 % Pl 30 42 3 A
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) U ZTEWEE 1000 HZz Ta v ¥ o — 7 IR E N2 RSN T V8 VEHFIE A/D 24
»v 7+ =7 (LabChart, version 7, 2-32 bit; ADInstruments, Dunedin, New Zealand) 1T
ST S NTze ZEY MV 7 OWEFT, FEMIZBW IR I SHERF AR W% IEHTE
e /o, RMEAEICHT2ZH MV 2 EERREL, TOES 2 EMEEOAT 17 4 A
LL72,

b) BIDAT « T RA

WX FRL L AO LS E L), MGOAT 1
7Z\Z%E¥ﬁ*¥ét&bci, FICAR & B5E L 72 L2
B IR E O 70— 7 % FRRO R
WAL, BERTIA NI 7 0 ETHRGE L. Ml
FENXEIE 30" 25200 F T10 T L IZAFE6 /T
FEEIZOoWT Thbi/z, Wif S -G s MG O
AT A4 T AAREWMT B2, WENO MG O
B JEZ 10 mm WU OB LEIE A REL, EHICFORDOEZES mm QM Sz & H L
7231 (I 2b)

M2 : BERISANIS T 1A TRIEL
F BN EEOBH DT 1 7 A

(5) FHAEHEI
a) FRERKMBEER

WEERE I TR OWERS & Rk D% 2 L 0, JEBEIAEE 0 T2 fiE 217 o 725125
R LRI N V7 & k%58 L 72 (Maximal Voluntary Contraction: MVC). F
7z, JEBIEN KT 107 CHERMED BRI bV 2 2 RRECRIE LT, 25 Mok
BafkAcenen 2mEL, 2EOREMEIZ 5% EDRE) 235 2F:1213 3 | H 0filE
ATV, mOMEOEVHITZRA LY £, MBIk L CIEMEED 2 b5y TR
RWNFTO 7 v M T L— MIEE LA, LUONRRaA % &5 7 % R |2 10 C ol ELA
AL, WAHNOYTFTICH5h X HBEE L7z, 72 MVC 2HETERL, HEDHZH OFEH b
Vo EREHRL, HOENFMICH G Y, BERERKRER MV 2 1E MG OBIET, F72, %
RUERKER bV 213 TA OFIETERL, £ OME TRl L 720

b) NLIDIBEEDY)RE

MVC OWIER, FEROLEE TR R Z 5T T b EE
of Torque Development: RTD) % #ll5%€ L 720 ##E 137 5 X<
RSNz FIEIZ TR WL A T2 ATV, FEHE S 2R
RTD OfHE L THWw 72,

MV DN E EAYD HE (Rate
W RAHNERETLLOE
JE NV & BRI L7 E %
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(6) #eat

T OERUT T + R TR Uz KREHEH OMAEOBIEIZITRIED %2\ t 1E %
Hwizo F72, ZB MV, HORAT 4 7R, HEE, FIRAIZOWTIIEEREIAEICS
1T MFEOWE L L CRARME D IR E O T 2 1T 7% o 720 AREZRICHEMR A LN
YitlE, £EHEIZ Bonferroni % V720 BEEIDOAT 1 742 A% ZNENHEBRERL LT,
KIFFRICBWTHLN/2ETORMEEE 2 MV AEKE LTAT v 77 4 XETEBIGHT % E
i L7ze F7-THH B OMBEBEROMENIZIX, Pearson OFEHAAMBRE H\ 720 & TOMEHL
HUIHETLEE Y 7 7 =7 (SPSS ver. 24, IBM SPSS Statistics) TATVy, A EAKH#EIL 5% Kl
& L7

==
3. &R
(1) FeR&aHAl R 1 MEROME
Parameter Male Female P-value
N PIE] <
Eﬁ 'fZFE TH@E TA @Hbg, TR Height (cm) 169.0 (5.1)  157.8 (6.3yk%x <0.001
Eﬁﬁj’o‘ J: U\fféﬁ@fiﬂﬁgﬁﬁwfﬁ%&’wn Body mass (kg) 61.8 (9.9) 53.4 (6.6)% 0.014
- Shank length (cm) 38.5(0.9) 35.8 (2.1)hkk 0.001
DAL NT2HS, TRROFEZEF, MG OF;  Cicumference cm) 36.6 (3.3) 357 (2.4) 0397
. Muscle thickness (TA, mm) 307 (4.4) 27.3 3.0)% 0.024
Bl AELHETIASN o7 (i’% Muscle thickness (MG, mm) ~ 21.6 (3.2) 208 (3.2) 0.512
Subcutaneous adipose 3.5(1.5) 53 (1.6)%* 0.008
1) o thickness (Anterior, mm)
Subcutaneous adipose 42(1.4) 7.0 (2.4)%% 0.003
thickness (Posterior, mm)
() FEMEEHE T (B ZE) 0 P<005, ** 1 P<0.01, **:P<0.001
Al /A~

a) ZEMILY, BEEIOAT 1« 72 A

JEJE 30" 225 200 FCOA 6 MELE LT, SMEMEICBI A58 bV 7 IEED A
SNDPME LA, ZB MV EEBIOMICABEZREEMIEAL N o7z (M3,
F=0946, p=0462)c LA L7%D5, REMOAT 1 73 AIIEELMERA SN (Bik:
0.7 = 03 Nm/deg, % : 05 = 0.2 Nm/deg, p=0.045) -

b) BREAEIBEICHT BEHIR. HDOAT 1 T RA

JERE O AEEAIWS T EHDOAT 4 7 A ADEALZ K 4 1R o SAZHIE D ZIthLiE D 55
B OMER, HOAT 14 70 AL WEICIEELRLEERIZAS N h o7 (F=2283,
p=0.065) o

JERIET O A EAALIC T A REDOZAL % K 5 (2R o FUAEHEIE O ZJeHEL & O 53 BT Ok
B, HEREEMEICIEELRZEERIIAS N2> 72 (F=0115, p=0998)

SERIER O FEEZALIZ S 2 PR OZEAL % X 6 (2™ o BUEHIE O IehLE O 55 Bt o
B, TURMA EMEOMICAEE L LEERDS A SNz (F=4605 p=0002), F7z, MEzEIZHME

otV NES RS BHREERT 8 45 % PR30 4 3 H
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60 T 450 T poe-memeeoae
L ES ;
P ] 400 T AFemale !
50 + ! WMale ro | T
! —. 350 4
£ ._AFemale | g
Z 401 g 3007
o
=] [ ] 4]
5 £ 250 1 Zr
2 30 + g
© @ 200 1
§ JaN 3
3
& 20+ S 150 A
| 100 -
10 T L ﬁ& 50 4 é
ﬁ 1n.s.
LR " T n.s. n_ 2 . . .
or LA : " : ; 0+ + + + 4 l
30 20 -0 0 10 20 B0 200 100 oo

Ankle joint angle (deg)

3 HEAEELICHTS
ZHMNLIDOEAL
HOMIZEEN %, [EOMIZEAZ 2

TNERT

Ankle joint angle (deg)

X4 BEAEELICHTS
BDAT 1 T X ADEA
BOMEIZREMZ, EOfEIXHAE Zh

TNFEI,

90 T e, 40 T po,
i ®Male i ®Male
. .
80T 1 aremale 1 35 11 _OFemale
= 0T % 30
E A » 3 .
kel
= 60 T kel
E " 858,
o T
§ 50 l 5 §* ;
s & B 5% & 3 .
S S
o 40 © * B é
4 T £ 15+ *
&1 2
10 4
20 1
51
10+ s
) ) ) ) ) 0 : : : . !
0 N f ' ' y 30 =20 -10 0 10 20
30 20  -10 0 10 20

Ankle joint angle (deg)
5: BEIAEENLICHT BHRROEL
HOMIZEIFEN %2, IEOMEIFEEMEZ 2
ThFET,

Ankle joint angle (deg)

6 : BETAREZEICHT BIVRBDOEL
* 1 P<0.05
AOMIIEEM T, EOMIZTEMLEY Zh

TNET,

EDIA SN (F=10292, p=0012), & TOMEFAEIZBWTHRAICHEELREENA LN
(p<0.05) o

(3) mrAEtEl

a) ERMFAMERHT
WRABEETRIELZKE V2 BIUOEE MV O MVCIZWTRd, AEREEIAON

72 UEJE M vz - Bk 1820 * 444 Nm, 7Pk 1191 * 354 Nm, p<0001, g vz @ Bk

436 = 150 Nm, %1271 = 6.1 Nm, p<0.001).
JERE MV O MVC ZFETHRT I EICED, HEHZVOBENLVZ ZHEB LS
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5, BB MV BIOEE MV IS, FEREESASLN: (RE VY /MG OFE 5
P84 = 14 Nm/mm, ZME58 =15 Nm/mm, p<0001, &¥m bV /TA OFFE - B4k 14
= 03 Nm/mm, %M 1.0 = 02 Nm/mm, p<0.001)-

b) NILIDIIEEDERE
R N V7 O MVC 2 B0 L TR 72 RTD ICIZAE A Sz (629 =
309 Nm/s, g : 382 = 226 Nm/s, p=0.025) .

(4) BEABEISDHh 300 %
o - N 20 A ® 04 B L4
SR O AT 4 7 4 ANk L TIEE ° 60 )
_ 200 —
MV 2O MVC, RV OMVC, £ @ £ol o o5 o
& < iy
TA OFFJE, RTD A EREOMB 2] & ° E °
50 r=0591 r=0.463
B 5 L7 (I TA-D). : °
00 05 10 15 00 05 10 15
Stiffness of ankle joint (Nm/deg) Stiffness of ankle joint (Nm/deg)
(5) EEFHR
50 1,200 °
REEOAT 47X ACHET W ¢ 1000 P
o
FEMOPIT B0, REHOR  §o| Re,0q 2™
< O Z 600
54 TRAEGRER T A EARS £ o £ o
Mg L7z, ZOSE, ElHoz  ° s 200 50
0 0
T /f 7 /T\ 7\ Ci , % ﬁ‘{_ﬁ\ b “t}: 7': ﬁ VC“ Li O.OSﬁffnessoff ank|ejoi]n.:)(Nm/deg; ° o Stiffnesz.if anklejtlift (Nm/v:ie;5
RTD & MV AL T2HELARR  ®7: RESORT 1« 7XAICHT 2EBEOBIARM
S N7z (Y=-0980+0.001x%, x,: A EBMVZ O MVC, B:H®E vz o MVC,

C: TADHE, D:RTD
RTD, F=19.262, p<0.001), #D%%5-

R OHE B OB X Z N F N R*=0594 1 L IN0166 TH - 720 72, BN F5HT
ZEN L 72K, MO AROBETIZNERE PV O MVC & TA ORFIED 2 & &2 s s e +
HHEEZBIRRDE S N (Y=0687+0.038x,-0.045x,, x, : EJE ~ Vv 27 & MVC, x,: &
(TA), F=7942, p=0006), % D5 R OHEEMHOWHE1ZZ N 2N R=048] B & O
0173 TH o720 LA L, BHEOAOEHETRAERBIFIIES N2 572,
4, i

AR L B ET Ok 2 R EIRICERIN T 2 FaE & L C, JEBIE &2 B 12 E S 272 B
JEEAREL D AU B8 v o B2 EBE O BEELICH L CEMRE L, T & % L
HOAT 4 73 RE L THW . CORBBIIEROBHAEIZIED EEMZFHMITE 52 &

HUHREESE R A A o BHREERT 8 45 % PR30 4 3 H
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5, MEiZObDNFNENE MY 525N TWA Y, RHEORT 1+ 74 A0
FVTBROF O BAFEE R T A KT L W IR A MGET 52 2 L A HIE LT
EEREAT o 72458, 6 DO > TR SN EMEIOAT 4 7 % A TIEMENADS
n7z7s, FRBEAEICBI %8 MV TlEsB v s LURIOMICEE R EMEIE A S
Nahofz (M3), Ik, EEEOIENEECIIEEIFET L2000, filcoRREEf
ETIEZE V7 OFANENKECZ EPEELLOTREVAEEZ OGN, JIIES ™ 1E

hEE R E LR OREKIEE ROM THEMi L T 575, LMz Bike i LT E
ENLoE (FTREEBOMRE) 20 hholz720, BN 2 LT E BV TREL
ROM # #ETE/Z L2 ME LTV 5, ZOMBRIEESHESNIHREIZE L LA, DTO
BEAEZ 5ND, T, JIILES Y 3B E— NETTROMGIE % 573 2 B2 BEE
MIBEE & T Ak GbE72bDEH W20, KRG L3R A TR L Twiz, &6

, AW TRMEIES L L CTREREOEIRESE ISR, 072 (£ D). EBEOEE
OBIZIIFHIETH 2 THREHEHOMHEOAL 5T, ZOELOMOR L FEL RIZTZ L
AERTLHE, WHETIETENOS SHAEMEICBIT 528 MV 712 b 8% RIT LT
MDD, LoT, REHIOAT 4 72 ATREHZO L OO TJFRFEE W) S CHEERME
HRHRLNIZNZO b6, H DR AEICBIT 52X8) Vs TIEEBEREENALNR
LholbDrEZLNL,

WA IOWERE CIXEBEKE vy, ROEE MV O MVC IZBWTHE R R ML
HoNTo HEEHNIBATLIEDS Y, TA OBHENEWEE R L2 B8
LTEWERMLVZOMVC 2 5H L7z v ) fRITETHIRE —HT 50 L ko7, MG
DFFRNNIMEEZDR A S N o 7205, BT I ML I L THEICE VIR V2 o MVC %
RL720 BHICBWTTREFAZICEP 722805 (1), MG OBETIIHEESEIAS
Naholzbon, HEETFREZZEHE LTMG oML HET s> 124 Tidnik
Zh, BELRMEEDNHRS NI (FE 416 + 68 cm® 2ot @ 398 = 52 cm®, p<0.05), T DT &
5, MG O—2> ORI E R TIIMELSA SN h o720, ke LCEHEiT 2 &, KE b
Vo7 DR ERMWEEY KT 2R E o7z T2, EE MV 2 O MVC XA CHllE L 72
MG DAz, @& U CHEEMAVIEE S v 5 X5 b RIS T 5. 4513 MG D&
T, THREEGOZMETEEBTLE LVBEORVERE Lo ZENEZLNDL T
O, WEmeETEIHMiTAZ & 2L Lzv, RERHIN & L CT O BEMIIZ DA S
Nehorz (1. ZHUE, MG OFEICEERIEENASN o2 L, KEOHHT
BRO R RRIEIZ BV CRITH K A CHE L B L CTHEICE» o 2 EWRRNTH L L EZ S
A

MVC #E Tl L7284 720 o v 7 i2onTid, BREICBVLTOEBIZBNTY

FICHEEDIZH LD DBEWEER L7z ZOREIE, WEOHEIEHME L L TR/
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EHAHEFIZBEL D) ENY, LI MEL - LbDE R o7z, 7Y FOUH; % 0%
ELZZERT, EEIHORKEE WSS H > L I BERERTVWDEZ ERS P I
HEBE LB L THREICAEG o MmN B TE TRV ERIEE N, ZOBHD—
DL L CAROEROWERE N2 L —o Y P2 E L TV AWEEZ R E L2720, K
B OB RBELZES INOORBEICHEL RIZL TV AWREENEZ 6L, S5,
RTD 12 BELHEENA SNz mKIHTI % % 5N HEFEHET 5 & v ) EBEEEIC BV T
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Factors influencing difference in ankle joint flexibility
between males and females

Emika KATO
Abstract

Introduction: Flexibility is one component of physical fitness, and it is known to
contribute to the prevention of injuries and improvement of physical performance. Some
methods are used to evaluate flexibility by measuring length (bending forward in a seated
position) and angle (range of motion). However, as the influence of resistance to a pain cannot
be excluded, both these measurements cannot be objective. Stiffness is a mechanical index to
assess joint flexibility, and can be measured using evaluating the passive torque of a joint
involving a group of muscles that are elongated when the joint is moved. Because it is not
affected by resistance to pain, it is thought that stiffness can be used to evaluate joint
flexibility more objectively than can be done by measuring length and angle. Although it is
known that there is a significant sex difference in flexibility, the responsible factors remain
unclear. Purpose: In this study, we aimed to elucidate how stiffness can be measured in ankle
joint, as well as to determine the factors influencing stiffness measurement and how they
relate to the sex differences in flexibility. Method: Passive ankle joint dorsiflexion was
performed in twenty seven healthy adults (age: 27.4 = 10.3 y, height: 157.8 £ 6.3 cm, weight:
534 * 6.6 kg). Subjects took a seated position on a dynamometer and fixed their foot to a
foot-plate that recorded passive torques generated by the plantar flexor muscle group at 10°
increments from 30° of plantar flexion to 20° of dorsiflexion. We calculated ankle joint stiffness
using linear regression between the ankle joint angle and passive torque. Muscle thickness of
the anterior and posterior of shank was measured as an index of muscle volume, and B-mode
ultrasound was used to quantify changes in the muscle architecture of the gastrocnemius
medialis accompanying a change in the joint angle. In addition, to determine muscle stiffness
at each ankle joint angle, the muscle belly of the gastrocnemius medialis was assessed with
ultrasound shear wave imaging. Subjects performed isometric maximum voluntary
contraction (MVC) for plantar flexion and dorsiflexion. Furthermore, subjects exerted
maximal plantar flexion as fast as possible, and the rate of torque development (RTD) was
calculated. Multiple regression analysis was performed using a stepwise method, with ankle
joint stiffness as dependent variables and all the measurement parameters as independent
variables. In addition, Pearson’s product correlation was used to examine the relationship
between parameters. Results: As morphological parameters, significant sex differences were
observed in height, body mass, shank length, muscle thickness in the anterior of the shank
and subcutaneous adipose thickness in the anterior and posterior of the shank. There was no
significant sex difference in passive torque at each ankle joint angle, but a significant sex
difference was found in ankle joint stiffness. With passive torque, the muscle stiffness and
fascicle length at each ankle joint angle showed no significant interaction between the ankle
joint angle and sex difference, but a significant interaction and a main effect were seen in the
pennation angle. Using multiple regression analysis, an equation with RTD as an independent
variable was obtained for ankle joint stiffness. In addition, a significant positive correlation
was found between muscle thickness of the tibialis anterior, MVC for the plantar flexion and
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dorsiflexion torque, and RTD with respect to ankle joint stiffness. Conclusion: In this study,
passive torque and stiffness were used to objectively determined joint flexibility. A significant
sex difference was found in ankle joint stiffness, with effects on muscle volume, muscular
strength, and muscle architecture.

Keywords: Stiffness, Passive torque, Muscle architecture, Sex difference, Ankle joint
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