B 3 AT % L RRIREGRERAE TR T SIS v L BB OMEE,
ROWRE (BFFEHRE 2)
3-1. By

T X L ABEDOMIR « EREDHEREB DT —~ ARG R G D L THERKE &
#7273 (Alexander and Bennet, 1977 ; Komi, 2000). LxL72A 6, T = 7RF vy B 7
R EOHEER T, T L ARIIRE RO 5505 12 (FRE DI ITR E AR
% Z & (Fukashiro et al., 1995a; Komi et al., 1992) °F DK E 2 AMOMEVIK LA, THF LA
T e O e E OMEE A SR Z T2 L A HATWS (Jozar and Kannus, 1997).
12, 7 U ABEWZIIEBIA O Y 27 55 10 WiEE H 5 & s Si (Wong etal., 2002), % ®
WY 27 OBERIZOWTIEREFLNICS N TORWVER L. 61, 7H L A
W AR IR, HIREBD /T + —< U ARFAEIE LN EARE S TEDY

(Jandacka et al., 2013, 2017; Silbernagel et al., 2012), Wangetal. (2013) %, 7 3% L A iz

RERE DT F L ARED T PRI ZJE L2/ R, RO 27U 2R @FEHE LD b
m<, AMAy B ZEBT Oy T EMEN ST LD, NT p—v CAE T DR
KNE, W&o 7 5 L AEOMER TIZER L TWD &R EmfT Tng.

IHET, 7% L ARERIRRBRE 2 IENRE & L THEOERERHZ L2z s
rERL, B AR ECERE, HEIRPEE 2R L LT SSC#EE) T O FHiSE AL & )

JWEEhHE 2 Kia) L 7= WFZ2CTdh - 7= (Cronin et al., 2010; Ishikawa et al., 2007; Sano et al., 2015) .
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T L ARG BR A 2 TE TR L U OGRS LTSRN, SRR Bl (R 2 6 B L7 ik gE

(Agres et al., 2015; Don et al., 2007; Wang et al., 2013) 238 57217 T, XA F 2 v 7 72 EE)IC

BT 2 HEOBEREGHN 21T S 72 RIRIT L A LW, 7% L ARERMBRO Y X 7 B

OMEWTZLE DR T = U ANEE LR WERIZOWTRF SN TE TWRY., £ T,

AWFIEIE, WITOR v v 7 EE T BB R (S D AT EISE DV EZ T L Ak

WA BRE DWTAIH, $EHI L @HE & OB LHLMNCT D2 LT, 7% L AR

TEBRE O OFIRIEEN S WO U 27 BRIZRVIGLO0RET 5. £z, 7F LA

TR DUTRIN & EF IO T % L A DR E DEWAHERE L7 £ T, RRIRETOR

v B TEEBNR OFIEENE T U AEIRE A SN TH I LT, N7 = ADIKT

T F U ARBWTRD Y 27 BRNT F U AREOMER FIZER L7 b Ok AR

i I R NOYIEY v Ea s AN

3-2. HiE
3-2-1. xt&#H
KRB X R U ARERZL L, BEFIRBE LOINR Y Y F7— g Uk

T L7k, BERIOEBFFAI 25 Tr0 1, 2EE L7294 (BEe4, k34, i :

2142 %, HF :165.6+10.6cm, (AEE : 66.0£17.6 kg) & L7=. F£7=, WiZdiERE O fhT%E)

EHEFE L DT, WEISTRER RIS AN ST X U A TR & OSMEEDRE
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EREEN 70 < BEPHAIC B A R — YV IE BN 21T > TR W — R B 1 K504 8 44 (FEHih : 2443 7%,

B 175.644.4 cm, {FE & : 691257 kg) Z= > hu—fEl L. RIS - T, %t

KL, WHEOBRE, BLOFEBRICH O ERME L IRE DM SV THaICH L,

EHICTERSIMORIE ZGT-. AFZEIE, ~VY U FEEL FESHE T HERITRD

R EEAFHNC D &, RIRKERZFO NMEREERICE T 2 EMEIFEAEZ R 2 OAGEE % T

N

7= FEhe L7z KRR 11-28).

—\\

3-2-2. u ba—n

ARFEBRIY, TRl T 1407 0 ba— /W50 T, HIE%EEMmL7-.

s 7 ba—n 1 ZEERE hV 7 JIER O T BRI D F) R RHE)

XBHET, REEEE V2 #7050 (VINE /8 (2 TREBISEI e & RAL O PEN KBS A &

B, RPN E SND R 0 BRI 7y N L—MOAEEFHEL

7ot%, RBIEEERTL L AR OEERTOLA BT D KO ICHBEICTREIL, AFT v

ZHWCREMEE 27y h L —RMNZEE L. 0%k, 7y b L— 2 FENCT, 2

HEJE 20° (BLF, 1-20°0 &9°%), ABEEIER 10° (LA, [-10°) &£95), EBEfER

0° (LLF, T0°)] &94%), ) 10° (LLF, T10°) &9°%) &, 10 2 L I\T/RE ) T

MICZB b s, REEiOZHER vy OREEZFE LT, ZDFE, VI NLZALTE=

FICFRSEEZBEE V7 2 FICER LR 67 v b7 L — b 2@ g 2 & THOM
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RN X2 BRI BEPEE T RN L2 MER LN bR 21T o 72, Jg#

BRI D 1 FR RSB 2 RET RO H DA N Ly TR EO T+ —I 7T

v TEATOIRNI L, WEPTICREHHZRRSESICY 7 v 7 AOREEMERT L2 L

i Lo, JIEE, Wi (BLF TLEGaR) &3°2), M (BLF LEGNor) &7 5)

ThEn2EFo%M L7z, 1RIAE 2EIEO L7 535 BLL RS> 72856 07 3 [0 H

ZEfE L, 3EOWN, kLT OFRZEN BWLINITINE 5 2 BlOMEAHM L.

s 7a bha—n2 (BRRER M7 BEROT X LR RO I FHRHE)

7Fa ha—)L 2 TIET F L AW 25 s O LEGar & LEGnor, ENLEN D KT K

VT RIERF DT X U ARED JIFHIEE A B ST H 72012, T X L AERZIRERE 9 4

DO BHEFEOR BT 3 A5 UTHIE 2 % Lz, AIEICHELD, &k R TRIER

NV FEFEOME 2B EAT - 7%, ANEZEMR L. AEOE, dHREIITY 75

AL TE=HICRRSIND NI EEEZEER NG, BIRIED DR 2 IR EZITVN 5

MR TRABENNE (LLF, TMVC] L9°%) 225 X 9ICHfEL, €Otk 1 B MVC

Ry L72tk, 5 RRE THERRBICR T 7' ha— L ThHREEZ T L) IR LE

(Fouré et al., 2010; Kubo et al., 2002; A5 2013). HIEIX, LEGar, LEGnor FILE 2L 2

[F >3 L 7=,
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- 7u ha—nL3 (EEREDORRDE Y v 7ERHh OHTEEIRE)

EXRRE VT LICHETOR v © L TE B EZTHYE, ZOROFHIEHEZRE L. dIRE

1L, 1-2 [mlofE 0%, mKREH CLF, TMAX] &9 %), RO 80%, 60%iHE T

DERTET) (LLF, [80%HOP), [60%HOP| &4 %) Toidifeh v vy Vg%, +h

ZH 15 BIFoTbE. Ay Vo EE Y, FA RIS TR TR o Ja B E A

1%~ AEDO TR O A TBES X 9 I2fR & L7z, 80%HOP, 60%HOP S T » &'

THREDREIL, HKRFITORy B 7 (MAX) (BT 28BS OER 1 (Fz) ©

E— 7 EE LY, FD 80%E 60%D Fz DIEA 44— 7 ENEET A 2 L 2 BEfE S L

TWRE LT (Figure 7). TN ZNORE T, MBENAL—XITHERE~BITTEDH L

T, FEoAERMBEORNICHEL TV TAI A LTFRZZ27 40— Ky 7 LERGHIEL

FhiLiz. Elo, RELLEARy B TEELRD LI, WKy B Zmnbirs iz

ELIHEDR y B T ~EBITT 2L FH T2 L, RELLLE Yy B 78ERGELR

IRIPoTRRENTNE, — B, FoRREZRT TRY 2R BRWI2REET, #RIT£217 9

K OlC L7, FEBRFIERCHERPIZ, JWAOEMER SlX 0w, BH, WEREITWRN5

HEEICHED D L ICRE Lz, IEE, 7% U AR AR SR ClX, LEGar & LEGNor &

kgL L, avrhr—afE (LUK ICTRL) &9°%) TIdERZXSRE L.
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Fz force (N)

o

— MAX <+
80 % HOP NN S
- = =60 % HOP 60 % HOP 80 % HOP MAX

Figure 7. Schematic representations of experimental protocol.

crba—n4 (Ry U THOMRBIEE), 7X5LRAREEXOHKRENRR)

7'a ha—L 4 TIE, T ARMIEERERE 9 4 DR KIRE TOR v v VEFH O

EENE 7 F U ARERRORIIELZERM L. £/, D55 1 4%, 7% L AREHED

HETIN A THARIPERE RS (MG) DO RENREDRIE 2 FhE L7z, &y ©r 7 #EEhiE7 m h=

—/L 3 LIABRDITIETITVY, ML, LEGar & LEGnor DTN ENAT S T2,

3-2-3. WEHEHE - FHHE

- THRRDEHI KO - ROFEEHIE

v ha—1-4 2@ LT, BHREIITH R EMEREZIE LR, fHFR0ER LA

TORNLZ RS, WO FREZFHIILZ. FREIE, PEEFENOAROERE TO
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HEEE L, BEREHOCHE L. ) - BoOFREIE, EEEE (Prosound 010, 60 mm

DY =7 7 u—7 Hitachi-Aloka ttH) ® B &= — FIEZHWTHIE L. 7F L 2 JEE (Lap)

X, TR VRBEMEER & R HE R S, MG OflEEEEE (MTY) ZFEL, REEIZw

— 7 LT=t%, =0 2 SEOHREA FREZ BB R E20be 723650 L7 (Stenroth et al.,

2012). F7=, 7R LU AMAERTERE (LT [CSAAr) &%) 13, BEHEEZH T T

A HIEABIE T O % U AW 23R G L, T OMRE L7277 % L AREOBEREER), 5,

By 7 b7 ZAWTHEM L7z (e.g, Kunimasa et al., 2014). MG Ok E (LR

L MGl &9°2%) 1X MG DRBREHERNAL D3 & RIS & IR 255 SR D& & (Fukutani

and Kurihara, 2015; Kawakami et al., 1993 ; Narici et al., 2003; Reeves and Narici, 2003), JIR A4

1XF DOf R & A IERE O R4 /A ) (Fukutani et al., 2015; Kawakami et al., 1993; Narici et al.,

2003; Reeves et al., 2003), /& ILZ @M & RIE R O i BERE (Maganaris et al., 1998) &

L, BEEELEEZ O THIRGE L7 MG FiiEE 08 S MG &, W&oy 7 ho=x

TEHWTEI Lz (eg, EIES, 2017, Figure8).
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Figure 8. Measurement schema for Achilles tendon length (Lat), cross-sectional area (CSAaT),
medial gastrocnemius muscle fascicle length (L_MGg,), pennation angle (8) and muscle
thickness .

Lar as well as CSAxr were measured by the ultrasound images of both legs. The Lar were measured
from the AT insertion point on the calcaneus to the distal end of gastrocnemius muscle. The CSAar
was quantified just below the distal end of soleus muscle. Medial gastrocnemius muscle fascicle
length (L_MGg,), pennation angle (6) and muscle thickness were measured from the sagittal calf

muscle belly of MG by ultrasonography.
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ua ba—n1

HE=ER

c RBER M7 JIE

RIS EEE L 2i%, A LA T 7 (DPM-611B, Kyowa fh:#l) Z4rL T A/D

Z5H: (Power1401, Cambridge Elements Design #1:54) L7, 1kHz %> 7V o ZJEHE T

NR=YFNarya—2IZWVIAALTE. EREFEFC, EAENOREESAETOT F LA

fiEkfk R (Length of tendon tissue : LAF TLyr) &9°5) OZEb@&AFE T 572012, @BEWK

%£E (Prosound al0, Hitachi-Aloka #-54) % T, MG OfitlriEi# 4, 30 fps T L7-.

T e E, KRS ARG T AT D60 MmO Y =7 Fu—F |l a—F U — &%

fil, MG DIy T — L EERZHWTHEE L7 (Figure 9A).

(A) Set up (B) Muscle tendon model

fascicle

Proximal tendon & aponeurosis (Ly)  f length (L_MGyg,)
/

on unit (Lygy)

Horizontal part of fascicle Distal tendon & aponeurosis (L)

Achilles tendon tissue length (L) = L, + Ly

Ultrasound probe ~ Lyu—L MGy, cos 8

Figure 9. Experimental setup (A) and model of Achilles tendon tissue and fascicle
measurements (B).
Medial gastrocnemius fascicle and Achilles tendon tissue length (L) were analyzed from

ultrasound data.
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SR HE

c TX VARBHBEOEMENCEH

BTS2 B B D L_MGr & € OXPRS (0) 2B E MW E G X 0 mifghr Y 7

k=7 (ImageJ, National Institute of Health #18) Z FWCHE M L=, BIEIAE & xf5

D FERE2>S Grieve et al. (1978) O 7 /L% AW CHAIBERE 7 O i EE A IR DR & (Lytu)

ZR, EFRoET IV (Figure 9B) % W TT F L AJEMHRE (L) Z2HMH L (X3,

Fukunaga et al., 1996; Kubo et al., 2000; Sano et al., 2013) .

Lt =Lutu - L MGg, % cos 6 (3)

Lo [ XPVRIBERE A5 7 26 L AR R, Lvro IZPVRBERE RS O IR SR, L_MGrq, (ZPRIBE

JERE DR E, 0 IXPRBEIE R O PR A 2~

- D 1R R DR H

T LV AREES) (ATF) 1%, B E Rz @cE2B8gE hvy 27 % L A ke —

A RT—2 (MAar) TBRI&ZEICEVERLE. BHHENIZ O ATF 234k (cos 6)

Th3Z Lk v EH L7 (Maganaris 2001) .

SENEH NV 7 AERFO T X L A PSR O IER I, -20°005 10°F TO Ly D& L& (1

Lt1) %, -20°OB;D Ly THRTZETRELE. £/, 73 L RAEHEROM S 2%+ 5=

ThDHT XL AR, BRI FE-2007°5 10°F TO Ly OZEbE (L) 1253
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% ATF OZ bR (JATF) THH L. 7TXLARIST, 75 LAY~ 7 2ix, F
FRORXEHNTHB L 4, 5. F7o, FiRomEEL, EREEME-2006 10°F
TOMREDEE (ALn) % EREHIMAE-200025 10°F TOMHRESI OELETRT Z &
THRH L.

AT stress = ATF peak x CSAxr" (0 4)

Young’s modulus = AT stress x AT tissue strain™ (3 5)
AT stress |37 3 L A5 1, CSAr 137 3 L AJEAEITHEIFE, Young’s modulus (37> 7 3R,

AT tissue strain (%, 77 =% L A JskHAR RS

7r bha—n2
HEEE
c BRER MV JIE

RKRIER bV 271E, e ba— 1 EEBEOFIETHRE L. RKRER by 27 JIEH o
Lar DAL EZFE T 5 7=, BE R (Prosound a10, Hitachi-Aloka #HY) % T,
MG & MTJ OHEWrEI# %, 30 fps THRIG L7-. HEWTE {4 2 BRI HRG 35 72912 60 mm @
V=7 7r—7lza—E) —%&AAL, MT] BHBRICBROAIEIC N T — Y L EHERE

HAWTHEE L.
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SHTE R
cBRER MM ZEEROT X VAREOEH
RIS RV 27 38FERFD Lap 1L, FIESIALTO Lar & KR R L7 B D MT) O

& (AMTI) OFfmTEH L.

s T VRO FRRE DR H

RN V27 FERRF O T & L AR, EKE L7 O T F L A EO R R

(ALAT) %%%Jtﬁ{jﬁjﬂ?@ I—AT fﬁ%—g—: &"C}k&), T % I/XH@FL;jJ@%HjG:li7OD ]\3‘_‘/1/

1 EREROXE W= 4 208). 7 U AREE X, SEITrgticfityy, ATF—7 %1 X

MR R ORR LY, 50 % MVC 725 100 % MVC £ CTORXB AL, ZofExs L~

(Fouré et al., 2010; Kubo et al., 2002). 7 L 2> 7R, 7o ha—u 1 LEEORE

Az N5 2H).

a hbza—) 3

HEHEA

- Ry B EB T OMER ) & FHIEBORIE

™y v EE O ) (Fz) ORIE T, M 7IEF (TF-6090, 600 mm <900 mm,

T 7 BRER) 2 2 M ~TRIE L, ZRBMOMES RO Fz 2 TthZhada Lz, £0
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BE, WL D oA A — R A5 (EXILIM FH-25, CASIO ##)) Z W THRIIRAE DA v E°

> A 120 fos THisg L7z, 2o b &, KRB, RREFAEZ LR 57201, W

O REs, BBAIT.G, SR, B, BIPREICEES mm O~ — I — 2L,

i T2y B TEWEDMUBE DT X A Xe{To7=. 728, v ha—v 3 T, Lu

DEZRHT D0, PEEBHLPREE L PRI ROOMETRBEMMELRH L

(Figure 10). 7K v &> Z B OFIES) (LT, TEMG) &%) 1%, REAEIERE (A

A E—H A S51MQ, 74 > 500 %, REE%$L 0.099 s ; P-EMG plus, 1BIKE T-Hesthil)

ZHWT, mEoOREEH (LT, TTA &9°%), v 748 (LUF, TsoL)),  WRIBEE

i (MG) DORRIEN D, EMEIEEEZ 20 mm IZ[EE L7- £ fEMm (EA : 6 mm, Blue Sensor

N-00-S/25, Medicotest, Olstykke %) (2 X 2 BAGFHEILEIZ L0 EH L2, & OEMOHE

&I, SENIAM 7 a2 =7 bDOTA K74 IZESLK T AN FEEEAWTRE LT

(Hermens et al., 2000) . Mz QLT 2B, Fik LB O, L B—X L A% FiF 57

W, AL EAL A AR RE B = X FRTAEA & 7L 3 — s THEHL L TR L 72

(Figure 11) .

EMG & Fz 57— &%, AID EHER/NGHD 5V O 7 F a2 HWCR L. 77, )

VESHT O ©F A & EMG & Hiifi [ /1 & DO RIHIE, AID ZBHaih 50 5V O s 7

N7 LED R T » ZIC AN U TR S, RITZ A 2 72 B F AT LIA A TR L.
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Figure 10. The ankle angle definition during hopping.

EMG

Fz force

TA
EMG
@Reflective markers

Force plate

High speed video camera

Figure 11. Schematic representations of the hopping experiment set-up.
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SR HE

Ry B TEETOREESR

7'v k@m— L 1 T, 60%HOP, 80%HOP TD7R v & 7 HDMFZERE M N D > T2 T2 1T,

FEHIAT 100 ms 7> S EEHLE TEOTIXR & L, A8 > v 2 7 E#8) o o NIBEIE ) O Lyry & 51

L CRETE LIz, HEHN S Ly 2N KRR £ T MR HmE (LR, Lengthening J& T |

ET5%), Luru 2SRRI b B £ T2 i Rm (LLT, TShortening Ri] &%) &

EFE L7, F7-, HEHLAT 100 ms 2 HREEH E CA FHRIHIES) 100 ms A (UL, PRE 100

JaE ] &%, Komiand Bosco, 1978) L EF L7z, I BIZ, HEHEZOMIEENZ X0 FHHM

WCRRETT 5720, MIERKNBS & /0 & S D8 S % 30 ms = TAa B 30

ms Jejmm (LLF, TPOST 30 Ry & 9%, Greyetal., 2001; McDonagh and Duncan., 2002), #

1% 30 ms 2> HEEHI%E 70 ms & T BIFRF OS> (LT TSLR i) &3 5) (Araietal.,

2013; Ishikawa et al., 2005; McDonagh and Duncan, 2002) & &% L7 (Figure 12).
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Preceding

ground
contact
7 Maximal Toe-off
o elongation of ]
Initial contact MTU
' )
\)2 ,
: —.
Pre-activation Lengthening Shortening
<€ > € —> € —>
<€ > €—>€ >
PRE100 POST30 SLR

Figure 12. The phase definition during hopping.

The pre-activation phase was defined as the 100 ms period preceding ground contact (PRE 100). The
lengthening and shortening phases were defined as the periods from initial contact to maximal
elongation of MTU, and from maximal elongation of MTU to toe-off, respectively. The post-impact
phase and the short latency stretch reflex component phase of the MG, SOL and TA muscles were
defined as the 30 ms period following ground contact (POST 30), and the period from 30 msec to 70

msec after ground contact (SLR), respectively.

<Ry B BB O T B A R L TS

BIERAL5 T D F A AL TR LN RO EZ FRHRE L, 4 RONZ—T —

A — /XA 7 4 V% (10 Hz) TYE b L7, SRE COMBEE MAE & EBEEAE 25

M U7z, GREk L72& D EMG 1L 4 IROANZ — T — 2N RXA T 4 14 (20-450Hz) T

T4 VB A LT, R L. 20%, BIEORE LAy E LY 8~10 AT v

TR L, Fz DOR AT v T OREMOBRMERE L. ZOHEMBR O X 4 I T E5T
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(2, Fz L&D EMG BT — % Z INESEYEMEE UT=. & D%, 45 )5 i (PRE100 /& fi, POST30

Jym, SLR JRiE, Lengthening J&ifi, Shortening Rii) (2351 2 G &) -4k 1IE (averaged EMG:

PUF, TaEMG) &7°%) Z#HEM L7z, JEXNSHE (LEGar, LEGnor, CTRL) OfiE#ELIT

TR OB THHME TS 5 Z L TE AW &, LEGas X K% R R

HEBEH O SN/ NS N L (Agres etal., 2015) 75, MAX SE:0D aEMG (2% 5 45 50 fif

M0 aEMG OEIG %K%, LEGar & LEGnor, CTRL @ aEMG %t L7, F£7=, H v

v JEE) T OB O O IR BB AG T 2 R T 5 2, SEATHE O D

2015) 12N RE T O e KAFTEENE D 10% % fhiEE B OB & L CERA L7,

By B BB EIT B B 0 RRRE

ERHEIOEIE A IMAIE L 725 X O E#R Lo 2 BiAE, RSO OMEERE To

PR S Fz X0, Kawakami et al. (2002) & [REEDFHEEHWTH v B2 ZiEEH o g B

I My 2R L G 6). R LUCREEIRE Mvr 2, REEIAENOHEE LT

XL AEE—A > F7—24E (Rugg et al.,, 1990) Tk$Z & TATF Z2:Rdi=. £72, Fv

v’ 7 iEE) O Lengthening JRTEIIZ 31T 5 R BFIERE hv oy o0& (b EE, EREEIAE DAL

BECHRL TRy B ZiEET O EBFREE 25 H L7- (37, Hoffrén et al., 2011; Kuitunen et

al., 2011) . & 512, ARy ¥ 7ERTO ATF O Kl % Lengthening J& il O E T4~ =

& T, SO H A0 HEE (Rate of force development: UL, [RFD) &%) #EH L
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(8 .

TQ=FzxLxcos (9-157rad) (X 6)

AlS= ATQ x ankleangle™ (. 7)

RFD = Peak ATF x Lengthening phase time™ (X 8)
TQ IXEBIEIEE b v, FzidA v o ZEB RO E RS O ), LI 2B 0
DARHEEER F CORERE, AJS 1T BIEIREE, RFD (XD H B3 Y B, Peak ATF IX7 % L

AW ) D REZ 7T

7a ha—)L 4
HEHE

<Ry B BT OHTEBIR L OHREIRORIE

Zuha— 4T, e ba— 3 LRROGIETE y Er 7 HEET O Fz, ¥R~ T
17 A, BEEICNATT F U ARER (Lar) OWMEZEM L7, K72, La ZHEET DR
WD T H L AR 7 A MR (Larseg) 23RO D720DIT, WIZERRVE 1 THERR L 7 R BIS
JERENERHC DN DT F L AEOB I L D Lar ~DRBELZB[E LT, MEPE & BE
Z'a—7 OE FE TOMIC 10 mm HE CTEL 3 mm O~ —7—% 7 % L A - T
AL, 2ot~ —h—% T V% A4 X L= (Figure 13, 14) . 7 v &' 7 iE#iH O EMG

WEE, 7a ha— 3 LEBEOHETER L. 2, Ry 7EHTO Ly DXL E

47



B, BEEBLE 1309, £E60mmOEEHY =7 72— (Prosound al0, &%
$7.5MHz, 117 images's™, Hitachi-Aloka t1#1) %, JE47HFSE L REED k% VT, MG ©
MTJ ASEAREC B 2 AALE ICEE L, & v B2 7 5EE oo MT) & %4 L 7= (Hoffrén et al., 2012,
2015; Stosic and Finni, 2011). 7z, 1 & OXEHFIL, &y v 7 EE T O MTI BREDOHRG
WA THIBERE R i R R (L_MGr) DOIRDEENWZHERT D /TR Y =7 T n—"7%
MG D AN LA HACEICEE L, fREREA RN IRk L7z (Ishikawa et al., 2005,
2007 ; Kurokawa et al., 2001 ; Sano et al., 2013, 2015) .

EMG & Fz, BEHEBRGT — 213, AID ZHGE060 5V OHs 7 I 2 TR L
7. Fiz, BESHTHO ET 4G E EMG & Fz, BERMGT —2 L ORI, ADZ#
D 5V O )T 7 vE LED A7 o I A L TAUIT &, ST Z A7 % e
FAITB UAA TR L=, HIEIE, 7% L AEMZERERE O LEGak & LEGnor Z1LETL

1To7-.
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Fz force

Ultrasound

Force plate

. Reflective markers
High speed video camera

Figure 13. Experimental set-up

|‘ INWO,J |

MGy
point

Ay
N,
AN

Ultrasound
probe

TITqTT

Calf =—>

/

batsee | ot

<4 Lateral malleolus
Calcaneu gem——

heel

4 5th metatarsal
. Reflective markers

Figure 14. The Achilles tendon length model.
The reflective markers placed on calcaneus, calf and analyzed from the kinematic data. Medial

gastrocnemius Achilles tendon MTJ length analyzed from ultrasound data.
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SR HE

Ry B TEETOREESR

7'm ha—L 4 T, Ky o THORZERR R 7272 D28 T 200 ms 7> 6 Bt

ETEOIXHEE Lz, Ay B 7o, RmERE, 7w ha— 3 LFEERIC Luru

IR LTz, Fi, BEMETOFRIHEE 2 K0 5HMICRETT 2 2 AT O FRIHIEE) &

FEHUAT 200 ms 7> 5 EEHIAT 100 ms F T2 SFaiHEH 200 ms & (LA T, TPRE200 J&jm ) & L

BEHUAT 100 ms 7> O £ T A SR TES) 100 ms o (PRE100 /BH) & EFH L7I-. s

DFEM7R HTEE 2 Bat§ 2 2O R ERIL, 7'v ba—/ 3 LFEMkE Lz

s By LSBT O TR E LG EE

FEMUE D, T VX A AL TR LN RS G OEEAZER L O D EMG O 7 4 L4

UER, INESEYBIE T v b a—)L 3 LRIEED HETITo 7=, IR L%, EMG 7 —

Z 5V, %Jmm (PRE200 /&, PRE100 J&jmi, POST30 /mifi, SLR Jm, Lengthening J&if,

Shortening J&ifi) 123517 % aEMG & L7-. LEGar & LEGnor DfFEENTF R HEHI 22 & D

oz

I

WATHAMETIXH T 5 Z &N TE NI &, FATHFFEIZ I T LEGars 155 RS R R
JEEE T O )3/ NSV L (Agres et al. 2015) 75, LEGar & LEGnor @ aEMG %t

B 57, FHRiHES) (PRE200 &, PREL100 &) 2k 22 FN 0 fEHE TOE|

AL, POST30 Jaifizxtd % SLR J&, Lengthening /& (Zxf9" % Shortening &k @ aEMG
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DE|E (aEMG Ratio) #%.H L7= (Hoffrén et al., 2007; Sano et al., 2013) .

- Ry BV TEBHICBIT A HREREOR I L TR VARD I EREEOR Y
Ry By ZiEE R ORI E LG O TRED S e k3 —/1 3 L [FEERIC Grieve et al.
(1978) DEFTAREANT MTU ZHE LTz, Ry BV THEBITO LarlE, ZEFO Lar
2 MT) OBEh&E (AMT)) ET7FLAEE 7 A FROZELE (Ularey) ZEE, LUF
OREHNWTHRE L2 R 9). 7% L AREMIRSRITHEHBRH O Lar (23357 % L A gD
R & & LTked7=. F72, Lengthening /i » MTU OffisE&E & 7 X L AEDOMEE DA
SHBR Y By I EB R O NRIBEER RO MR R (AL_MGp) ZHEE L7z
Lar= LaTstanding- ZAMTI+ Alarseg (X 9)
Lari37 F VAR, Alarsegld7 LV AREE 27 A 2 N EOZECE, Lar sanding 135 1L Z2H# 7T
RO T F LV ARER (' b EERR 228, AMTIIRRIBEER - 7% L 2l
ITE OB E & Z R
Fio, Ry TEBPOT X L AREEL, FioXEFHWCEBL K 10) , T¥
VARSI E v rERET e ba— 1 ERBEORE W THEB L (4, 5 25H) .
AT stiffness = ATF peak x ALar” (3 10)
AT stiffness 1377 % L ABEREEE, ATF peak 1374 v &0 ZIEB)F O T % L A ik ) O K1E,

Alar &, #H57T % U AR HERMIET 5 E TOT 5 L A JEHERE LR
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ARy BV TEBRICBIT AHREARL T X VRABOAEEROEY

7u ha— L4 T, Ay B TEEIFOMTU &7 U A EOBEREEE A TR A 72012,

R XD — (MTU ORISR T — : LUF, TMTU power] , 7 3 L AEOHERA) ST — -

[AT power] &%) CHEMANLFER (MTU OMALFEE : LLF, [MTU work] , 7

X L AEOHMAERE . [ATwork] £9°5) Z:RKb7=. MTU power & AT power |X, <

FLEIL D Lengthening /A (LA T, [Negative power | &3 %) & Shortening /i (LA T, [Positive

power] &3°%) TO MTU & 7 % L A Dk - FEAEEHE & ATF OFE TH M L, MTU work,

AT work IZ MTU & 7 2 L Al Negative « Positive power DN EN &2 FE0T 5 Z & TRD

7= (Kawakami et al., 2002; Kurokawa et al., 2001, 2003) . £7-, MTU & 7 & L A D K EW%H

BETRD120, T, Negative DfEZEE (LLF, [Negative work] &%) (24 %

Positive D& (LL'F, [Positive work] &3 %) OFEIE (LLF [Work ratio] &9 2) %

HH L.

3-2-4. HEEHLER

71 ha—L1 & 4D LEGar & LEGnNor P ELEZIZIIRISE D B 5 t iE 2 V-, AHlE

HHOEICERDANRD Lo 286121, /87 A KU v 27 @O Wilcoxon’s

single-rank test % T LEGarr & LEGNor D ILER Z T2 o 72, 728, WT DB EIZIB T

bHIGRER %R A AE L Lz, £7-, v ha—1 2 (n=3) 1%, HEMNRENDRL, #
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FHLERAAT O Z LM TE RS T2, #EROETIIEDOAEZRT.

7’1 hm—)L 3 D LEGar & LEGnor, CTRL OFREICI T HHIEHE H O lIZIL, #EH

LEBNFRE (MAX, 80%HOP, 60%HOP) THVIKL OH D JThlE DT 21TV, &

HAERMD 72K, FOIRDRD LNT5EITIE, Tukey HEIZ K D LHEBREZITo72. %

SREEM], BERIOBIZITMY R L OH 5 —mli BN MOITEEZITY, AERENRED bR

723 AR Tukey 1512 K0 ZEEREZ AW CTHERMRF Lz, 7ok, £TOHEAICEW

TIERER 5 BTz AE L L.
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3-3. fER

7% AR L WRIBRES OFERR

Table 1 127 % U A2 (LEGatr) & fEH I (LEGnor) @7 5 U A i & PNAMBERE % D

TEHE DSl & A AE R 72 27 L7, Lar 1%, LEGaTr 2% LEGNor £ W A EIZE < (p<0.01),

CSAATIZB W T BN CHEICRE o7z (p<0.01) . 72, L MG lx, W s

& bAEICHES (p<0.01) , PPRA L FHEIE, LEGar T/hEWEZRLZ (EhTh

p<0.01) .

Table 1. Measured muscle-tendon parameters for LEGyor and LEGatr.

LEGyor LEG,1r
Achilles tendon CSA (mm?) 60 + 15 115 £ 26 oE
Achilles tendon length (mm) 185 + 18 207 + 30 ok
MG fascicle length (mm) 612+ 8.0 506 +£5.0 ok
MG pennation angle (degree) 228 £ 2.8 212+ 33 ok
MG muscle thickness (mm) 239+ 4.1 20.2 £ 3.5 ek

Values are expressed as mean = S.D.
CSAAaT: Achilles tendon cross-sectional area, MG: medial gastrocnemius muscle

** Significantly differences between LEGyor and LEGartr at p < 0.01.

v hba—)1

T3 U R REWTRI & E ISR D RBIEE bV RIER Ok D ) F R

SRR L &, ZEER Ly, ATF, fREENOT X TOEBAIZEBW T, LEGaN
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LEGnor& V b AEICIKVMEA R L7 (Figure 15) . £7-, 7 % L AR OMIERE T,

LEGATRASLEGNor & EERTHEIZ KX < (Figure 16A) , 7 % L AR OHIERIL, LEGaTr

T2511.0%, LEGNorTL.6£1.3% &, LEGARTHEICEWEZ LT (p<0.01) . FHHD

fHIEEIX, LEGatr M LEGNorE D A EIZ/NE o7 (p<0.01, Figure 16B) . fa DO fdigE

HRIZLEGARDN/ NS VMHIANZ B - T2 3 F DZEITH E TlE7eh o 72 (LEGarr: 25.249.0 %,

LEGnor: 28.0£9.4 %, p=0.09) . & 5T, ZEE ML 7 FHHP O T F L A Ak & iR o

TRV E 2 R LA R, 7 % U AR OIS /1Y, LEGatr T2.46+1.35 MPa , LEGnor

TH5.79+1.73 MPa &, LEGAR CH EIZ/NIWVMEZRL, 7% U A SHRRAE AL & 77 2% L R JilskH

kDY ZFELFERRIZ, LEGnor &l L CLEGAR CTA EIZIEN > 7= (Figure 17AB) . )

WOREFEIZIE, LEGarr & LEGNorlH TH E ZR2IEWITFE® b i/enr -7 (Figure 17C) .

(A) ® (©)
_ 251 —r g 6007 1 1600
g 20 g < 12001
2 104 & 2 8007
£ 51 LEGu %200 2 4007
i <
0 — 0- — 0-

Figure 15. Passive torque of planter flexion, Achilles tendon force and muscle force.

Significant difference between LEG, ., and LEG . (** p <0.01).

ATR
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(A) (B)

12 - Iil 20 - —t—
154

101

LEG s

3- LEGm 51

0- L 0

Tendon Tissue Elongation (mm)
(@)}
1
Muscle Elongation (mm)

Figure 16. Elongation of Achilles tendon tissue (A) and muscle (B).

Significant difference between LEG . and LEG p < 0.05 and ** p < 0.01, respectively)

ATR (*

(A) (C)
(N/mm) (N/mm)
250 - . 60
2
é 200 - ‘§ 2
= ]
= R =) -
Z 1501 g g 40
=] 7]
2 - )
21004 Z Ezo
g = = LEG,m
= 504 g
£ =
= 7]
04 = 0 - -

Figure 17. Mechanical properties of Achilles tendon tissue and muscle between LEGatr and
LEGnor.
(A) Achilles tendon Young’s modules. (B) Achilles tendon tissue stiffness. (C) MG fascicle stiffness.

Significant difference between LEG, . and LEG p <0.05 and ** p < 0.01, respectively)

*
ATR (

7a ha—)2

T3 U AW &N D RKIERE bV FEER OO S FE R DE

RNRJER V7 EATEO E— 7 1L, IE LIZRRE3L T X TUITE W T, LEGar 2%

LEGnor & W H/hE <, LEGATRD 7 F L A DR R, 38 X OMHESRIL, LEGyorL ¥ H KX
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Mmodo., Fio, TX VAR L Yo 73R1L, ;RE3L T X TIZEBUWT, LEGatr 73LEGor

LT/ o7z (Table2) .

Table 2. Measured parameters of active planter flexion for LEGnor and LEGarr.

LEGnor (n=3) LEGatr (Il=3)

Torque (Nm) 84.2 = 26.0 81.4 =433
ATF (N) 1684.1 £ 521.0 1634.4 %= 866.9
Elongation (mm) 12.0 = 3.7 157+ 3.2
Strain (%) 6322 8220
Stress (MPa) 257 7.1 23.1 44
Stiffness (N/mm) 137.6 = 49.2 03.3 +£493

Young's modulus (GPa) 0.39 = 0.08 0.25 = 0.01

Values are expressed as mean + S.D.

7a ha—)3

WrEl LB L Oy e —ABOR y VU BB T OBME

Ry vy ZEE TP OB AL, BEHBEREICIHBV T, MAX, 60%HOP 54 C LEGarr

M CTRL LV b AEICKEVEZ /R LT (MAX, 60%HOP =124 p<0.05). L»L7Z2N

5, JERHiR KR, BEME AT ClX LEGarr, LEGnor, CTRL THERZEIIRD LR

7z (Figure 18) . F 7=, HeHIlp#f 7> ©& @ B KA IR & CTO R M B2 L &1, LEGam,

LEGnor, CTRL M CTHEZRZEITFRD Hphr- 7= (Figure 19) . & B B K5 I > & Bt H

HATE TORBEEAEZLETIE, MAX RIFIZHBWT, CTRL 23 LEGar &V A EITK

Eholz (p<0.05). EBAIMAELIT, B, ERIERATE, BEHERTT~ToORA >
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MZBWT LEGatr, LEGnor, CTRL ORI CHERZITR O b=, F£7-, i

P~ 5 R B o KT IR RE, 2 B K1 IR 2~ & BiE M E C oo BRI A A L EIZ OV T,

LEGarr, LEGnor, CTRL DO CTHERZITRD bivienoTz.
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Figure 18. The knee and ankle joint angles during hopping.

The knee and ankle joint angles at the contact instant (A), maximum dorsiflexion (B), toe-off (C),

respectively. * show the significant differences between different ankle joint angles (p < 0.05)
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Maximum dorsiflexion - Toe off

(deg) Contact - Maximum dorsiflexion (deg)
20 50 *
g g
= l l = 30 l
£ 10 4 i s s s
E g 20 ‘l li
% > % 10 u
0 8 0
60 % 80 % 60 % 80 %
MAX o
HOP HOP HOP MAX
40 60 HoP
15 J¥
: g il £ w ol
g 20 . E. ‘L ™ .
-~ 5]
= z 20 @® CTRL
é 10 <
3 N A LEGyr
LEG
0 60%  80% MAX 0 60 % 80%  aiax n ATR
HOP HOP HOP HOP

Figure 19. The knee and ankle joint displacement in the contact - maximum dorsiflexion and
maximum dorsiflexion - toe off .

The ankle joint displacement amplitude in the maximum dorsiflexion phase calculated
from the angle at the instant of ground contact to maximum dorsiflexion angle and
push-off phase from the angle at the maximum angle to the angle at the toe off.

* show the significant differences between different ankle joint angles (p < 0.05)

Ty U TEBFTOT XLV ARENOE—7EB L RFD

ZFr ha—L 30Ky L ZEEFICEIT S ATF 1%, LEGar & LEGuor, CTRL D%f%5:
FENRIRDIZDICTHRE RS-0 OMAMET/RLIZ. MAX TO ATF O E— 7 fEI%, LEGamr
28 CTRL & bl L CTHEIZ/IN S D 572 (LEGar: 60+14 N/kg, CTRL: 83+15 N/kg, p < 0.01,
Figure 20) . 80%HOP, 60%HOP T 7k v &' 7B > ATF O B — 7 {1, LEGa 2% CTRL
L CTHEIE -T2 (N p<0.01). £72, 60%HOP TiX, LEGNoRIZHEWTH
CTRL LV L A EICE)»>7= (p < 0.05). RFD %, MAX, 80%HOP, 60%HOP ¢4 i

IZBWT, CTRL £V % LEGarR, LEGnor CHEIIEWMEZ R L7= (Figure 20).
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Figure 20. The peak Achilles tendon force (ATF) and rate of force development (RFD) during

hopping with different Fz intensities.
*and ** show significant differences between different groupsas p < 0.05 and p < 0.01,

respectively.

Ay B JEEF O 2 B E

A v BV EB) T 0 Lengthening J i C o f& BEREEE 13, LEGor Tl 60%HOP ¢« CTRL

LV HAEICEVWE (p<0.01) 278 L72h, MAX, 80%HOP Tidf E/EWITERD bt

ol FIUIHR LT, LEGaRr @ E&BIHIMEE CTIILTOMAETCTRL LV b AEIZIKVME

% L7z (60%HOP: p < 0.01, 80%HOP: p < 0.01, MAX: p < 0.05, Figure 21) .
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@ CTRL

(Nm/deg) A LEG
£ * % *

2 20 e
FENN

é 10 ‘ lﬁ a
£5 A

‘été 0 60 % 80 %

HOP HOP MAX

Figure 21. Ankle joint stiffness during hopping with different intensities.
*and ** show significant differences between different groupsas p < 0.05 and p < 0.01,

respectively.

By BV 7EEHOHIEE

Figure 22 {2 MAX, 80%HOP, 60%HOP Tk v &' 7 EEN I 31T 5 fHiE B O -2 dhi

Zor L7c (Figure 22). B IS 2 BHIATO HTEBI O X A X v 7 & & TR

L7 A, 7F L RAREMIEZEEEIRT D LEGNor & LEGarr D WIfIZHIT D MAX TD MG D

EEN OB X A I VN CTRL £ 0 LS 25 Z LB B E 22> 72 (CTRL Vs LENNoR,

p<0.01, CTRL vs LEGarr, p < 0.01, Figure 23). & 7=, £ iE#TRE|Z351F 5 LEGar, LEGNoR,

CTRL D 3RED A GBS & — % LG 5 72912, MAX @ aEMG (2% % 80%HOP,

60% HOP T aEMG Ratio #HH L7z & 25, MG & SOL TR TR 72 fhiEEh A AR

7z, 60% HOP T PRE100 I28W\ T, MG OfMiEENT CTRL £ 9 & LEGA T bV ME ]
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MHE 53 (p=0.07), LEGNor IZ CTRL & bl L THEICE VWMEZ R L7 (p < 0.05, Figure 24) .
S B\, EEIRE O 2 MG OfEENE, CTRL TIE, EEFRENE £ HIZ 2T
AEEN S E E 573, LEGarr 38 LU LEGnor VBB IR DOHEANC L 2 G B EIEWV AN LS
N7gisoi-. F7=, Shortening J&H TlX, 60%HOP, 80%HOP 4T DIEEHRE 2T,
SOL DOffiEEIAS CTRL KV & LEGar & LEGnor TR E VMR Z7R L7- (60% LEGars VS
CTRL: p = 0.06, LEGnor Vs CTRL: p < 0.05, 80% LEGarr vs CTRL: p = 0.052, LEGyogr Vs CTRL:
p=0.06, Figure 24). TA TiX, & TCOJFif, HEB)FREIZISV T LEGarr, LEGnor, CTRL DfH

CHERATREO b o,

CTRL LEGyop LEG g

0.8 contact 0.8 contact 0.8+ contact

MG

0.3 0.3 0.3
-10 0 100 200 _jp0 O 100 200 300-100 O 100 200 300
Time (ms) Time (ms) Time (ms)
60% 80%
—mop " Hop — MAX

Figure 22. Time course average data of the electromyogram (EMG) activities of MG, SOL and
TA muscles for all subjects.
The straight vertical lines from left side refer to the initial ground contact,
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MAX e

80%HOP e

60%HOP . re—

¢ CTRL
140 -120 -100  -80 60 40 20 0 ® LEG,
A LEG g

MAX —h— [ **p<0_01

SOL

80%HOP .

60%HOP

-100  -80 -60 40 20 0 20 40

Figure 23. The onset of muscle activation in TA, MG and SOL.
The lozenge, circle and triangles represent the values of CTRL, LEGNor and LEGarr,

respectively. **shows significant differences between different groups as p<0.01.

63



p=0.07
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Figure 24. Averaging EMG (aEMG) relative to maximal intensity of the medial gastrocnemius
(MG), soleus (SOL) and tibial anterior (TA) muscles during hopping with different intensities.
The aEMG of the MG, SOL and TA relative to maximal intensity for different phases during
hopping.

* shows significant differences between different groups as p<0.05.
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Sua ba—4

7 % VARBIEM & RERO K v VL SER P OBEDE

Ry B 7D LEGar & LEGor DR Bffid L ORI A2 i L= & 24, MBI

TlX, BB (LEGarr: 16318 °, LEGnor: 1609 °), K #hMAE (LEGamR: 151+13 °,

LEGnor: 149+12 °) BfEHIERT (LEGarr: 17245 °, LEGNor: 17546 °) DZEINEITEWVIIRA S

Nehnot-. £, RBEESAEIL, BHBEE (LEGarw: 10515 °, LEGnor: 10444 ©), f Ki¥

JE A E (LEGaTr: 788 °, LEGNoR: 7925 ©) ITIEWVA R SR 030 720, BB RTTIX, LEGamr

73 LEGnor &2 Y bHEEINE o T2 (LEGATR: 117+ 8 °, LEGnoR: 124£7 °, p< 0.05).

7 X VARME L REROS Y B BB OT X LV ARIRIOE— 7 EB X RFD
AR [:°‘/7“|:f30) ATF D EU_?{@%i, LEGATR yop LEGNOR )] %ﬁ%ﬁilﬁﬁo 73 (LEGATR:
4335.4+1672.1 N, LEGpor: 5046.6+1599.3 N, p < 0.01), 7w &> 7 H® RFD (ZIEA B2 EWD

Jlany

L7 72> 72 (LEGarr: 57431 N/ms , LEGyor: 61226 N/ms) .

7% L ARBREIRE L REROKR v B SEBTFOT X L ABORESEN
Figure 23 12, 7K v &2 ZiEBHOREHIAT 200 ms 7> S EEHIIC 20T T MTU & 7 5% L AJjk
D SBAb & EE O Hi#R 2 7~ L7= (Figure 25) . 78 v E7 ZE# o oo MTU s,

LEGar & LEGnor Bl CHEREWITIA LN - 720, MTU i1, LEGar 7Y LEGnor
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EHRTHEEINSWMEZ /R LT (p<0.05, Figure 26A) . £72, 73 L A JiiisE &1L, LEGar

25 LEGnor £ 0 b AEICKE 2o 7278 (p<0.05, Figure 26B), 7 3% L A4 &%, LEGarr

L LEGnor I THERZEITRD LN -T2, T F L AJIERIT, LEGarR S 6.842.4 %,

LEGnor 7% 4.6+1.5% & LEGagr CHEIVMEZ/R L7z (p<0.05). F72, MTUHERE 7 X1 &

fiefhaR R D75y K 0 HEE L2 R ER X LEGAR 28 LEGror £V B/ E o7 (p < 0.01,

Figure 26C) .
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Figure 25. Time course average data
of the Achilles tendon force (ATF),
medial gastrocnemius muscle-tendon
unit length (MG L, ), Achilles
tendon length (L ,,), together with
electromyogram (EMG) activities of
MG, SOL and TA muscles for all
subjects.

The straight vertical lines from left side
refer to the initial ground contact, peak
Achilles tendon force and toe-off. For
EMG, the filtered and full-wave
rectified EMG signals for the stable
eight hops were averaged in each
subject. These averaged EMG data for

all subjects were drawn in the figure.
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Figure 26. Lengthening and shortening amplitudes of MTU, Achilles tendon and fascicle of the
medial gastrocnemius muscle during hopping.

The lengthening and shortening amplitudes of MTU (A), AT (B) and fascicle (C, fa) were calculated
during contact phase. Significant differences between LEG, . and LEG . (** p <0.01).

7 X VARSI L RO R v Vo S BB T O fIES)

Ry v TEE R OFEEI O E LV, LEGatr & LEGnor @ 2 M T SOL & TA I
BAE 7E VSR S 7 (Figure 27) . MG TiE, &£ TCOJFH D aEMG ratio T LEGarg &
LEGnor ([CHEREWITRRD SR> 7273, SOL & TA T, POST30 FEIZ*d % SLR
JRTH T OGRS, LEGatr 75 LEGNor £ W B AEIZIELS (F1E4 p < 0.05) , SOL @
Lengthening J&jifi 12 %3 % Shortening Ja) i Cld LEGatr 73 LEGnor & FEXTEIVMEZ R L= (p

<0.05) .
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Figure 27. Average EMG (aEMG) ratio of the MG, SOL and TA muscles during hopping.

The aEMG ratio was calculated by dividing aEMG during the pre-activation 100 msec to the
pre-activation 200 msec (PRE 100/PRE 200), post contact 30 msec of the Lengthening phase to
pre-activation 100 msec (POST 30/PRE 100), SLR to post 30 msec (SLR/POST 30), lengthening to
pre-activation 100 msec (Length/PRE 100), push-off to shortening phase (Shorten/Length) during
hopping. Significant differences between LEG, . and LEG . (* p < 0.05)

7 % L RIS X UM E NS BT B R v B BB IS T B D S AR & R
I EREDE

Ry B THEEITROT X L AL, LEGars 73 LEGor & HfE L TH IRV M A 7R
L (LEGarr: 387.6£248.6 N/mm, LEGpor: 690.8+317.7 N/mm, p< 0.01), 7% L A 73
IZBWTHFEIERIZ, LEGar THEIIRWAER & 72 o7 (LEGar: 0.68+0.58 GPa, LEGyor:
2.36+1.04 GPa, p<0.01). K & 7iEHEF CTO MTU & 7 % L Al Negative power, 35 X
N Negative work 1%, LEGarr & LEGnor I CHERZITRO Ve o72h3, MTU &7 %
L A i Positive power, 35 L O Positive work 1, LEGarr 7% LEGnor & b X THEIZIE -

7= (MTU power : p <0.01, AT power : p < 0.01, MTU work : p <0.01, AT work : p < 0.05, Figure
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28, 29A). F7=, Negative work (Z%t9" % Positive work OE| &% HH L7-fER, MTU, 7%

L AELE HIT LEGarr 73 LEGnor &Y %ﬁ%@:’f&b\fﬁ%i‘\‘ L7 (FnZEFn p < 0.05, Figure

29BC). X 561z, Figure 30 (274 » B > ZdEEF O MTU & 7 % L Ao J) — @RISR (Figure

30AB), /71— ZB9f% (Figure 30CD) %Z/RL7z. ZODFERE, LEGNor & H#E LT LEGagr @

MTU & 7 % L 2D ZFNFENT, Positive work O BESRZNENBIZE S L h - 7-.
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Figure 28. Negative and positive peak powers of MTU and AT during hopping.
Shortening of MTU and Achilles tendon were defined as positive.

** shows the significant differences between LEG, _ and LEG . as p<0.01.
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Figure 29. Changes of the mechanical work between the LEG, . and LEG ..
(A) Negative and positive mechanical works of MTU and Achilles tendon. (B, C) The work ratio of
the MTU (B) and Achilles tendon (C) were calculated by dividing positive work by negative work.

Significant differences between LEG, . and LEG p < 0.05and ** p < 0.01 respectively).

*
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Figure 30. Averaged force-velocity and force-strain relationships of MTU and Achilles tendon
during hopping.

(A) Averaged instantaneous relationships of Achilles tendon force (ATF) and velocity of
muscle-tendon unit (MTU) length during bilateral hopping with non-ruptured (filled) and AT
ruptured (circled) legs were plotted for all subjects, (B) Instantaneous relationships of ATF and
velocity of change in Achilles tendon length during bilateral hopping were plotted for all subjects.
The enhancements of the output of ATF were higher in non-ruptured than in AT ruptured legs (both
shadow area in (A) and (B). The (C) and (D) are the instantaneous ATF-MTU strain and ATF-AT
strain curves during bilateral hopping, respectively. The filled circles were non-ruptured leg data and
the circle were rupture-experienced leg data. The first shadows indicate the 30 ms point from initial
ground contact and the second shadows indicate the 70 ms point from initial ground contact (C, D).
The differences between LEG . and LEG . were occurred at the 70 ms point in both MTU and

Achilles tendon and at the 30 ms in Achilles tendon but not MTU.
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7 L ARG X OMREIC BT 3Ry v BB O bR ENRE

Ry B I IEER T O R OIE S % Figure 31ICRT. ZORREDORHKE LT, B

D LEGatr DAFHRIE, LEGnor £V B L, TR UV REIZEN-T2. F72, 7Tx% L Ak

ERIL, LEGarr DT K E D3> 7- (LEGaTr: 8.2 %, LEGNoR: 6.0 %) .
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Figure 31. Typical time course data of the Achilles tendon force (ATF), muscle force medial
gastrocnemius muscle-tendon unit length (L. ), medial gastrocnemius fascicle length

(L_MGta), Achilles tendon length (L ), together with electromyogram (EMG) activities of MG,
SOL and TA muscles for all subjects.
The straight vertical line refers to the initial ground contact, peak Achilles tendon force and toe-off.

For EMG, the band-pass filtered and full-wave rectified EMG signals for the stable eight hops.
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3-4. EE

T X VARERRED YU R 7 ER/RIZOWT

FATHIE TOIYERICE N T, WK, BEEGROT F L ABEHENMIT 95 2 L2

WEINTEY, ZOERL, BERBBETTILARBOKRELZ EDDLRAT 4 7R ADE N

Bl 25— BN b U, b 0 ICEIEE OO 25— 42 U RNEN4 4 2 L ICERET A &%

Z BT % (Eriksen et al., 2002; Hardy 1989; Maffulli et al., 2000, 2002; Magnusson et al.,

2002; Williams et al., 1984). & 52, MEFEEOINTIX, 75 U AEMIE O 1 FFRER <

ZENRMEESNTWS (Geremia et al., 2015; Wang et al., 2013). ABFFEDOXGE TH 72T

¥ U AREWIEEE X, itk 1 4ED 2 EETTH Y, O DA DR KR v JE

DT F L AREREERLY o 7 HITE < (Table 2), JeATAITE 2 ZFFF DR L o7z, EBIT,

AWFFE TR v B ZHEBHOT F U AR OV THRGE Lz. ZORR, #Etho

WrEdHl (LEGarr) O 7 % L ABRMEEE (34 F M (LEGnor) £V /I W EER I NLT-.

F7, Ry B EET O LEGAR D T F L APED IR ECMIER A LEGyor £ 0 b A X <,

ZHUTIE LEGarr DT & L AEWTZUZ K DMED 1 FRORIE D BN L T L B bID.

DFEY, TxVARMKOBENE 1, 2FRERD, BHEAEESCY AT I v 7 R IKET)

ZEHRATADRETH 7L LT, WiRZRBR LTS LAROMEITH47IZEE L

TWRWZ EAVURIR I -,

JeATARSE (Butler et al., 1978) DAMRADFEERTIL, MHEOMIERIIERIZLOE KLY A7
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R THDEMESNTND. BEOMIRIERN 4% (EAFE) XA 5 EEEZRE L T

W5 AT =7 R E A=V T, MIRERD 8% (Wrea) Z#x2 L, BN THIX

SN T —F ORISR EE Y, k= T — 5 2 O &2 2B 8N U

HIDHLEINTWD. AR TOR Y B ZIEIHF O LEGar P 7 5 L A 3ER 1T LEGnor

FUbm<, MR E THIRL TWD (IERT7 -8 WiEE) Z L&l 5%V,

ZH DN LEGAR DT F U AL, A v B ZiEE) @ EE 2 HE - HE DI Z &Iz

£V, Bleagd—r ey A=V 52 TOWHARBIENRE X Hivb.

— RN R AR T D L EOMIRROEIGE, 7 - BN OBE KT

52 LS Cuw 5 (Cronin et al., 2009; Rack and Westbury, 1984). ~7'&2 k =—/ 1 1 Tl

TE L7 B 72 i i 1 LEGatr & LEGNOR @Fﬁﬁféb\ﬁiﬁ LN o Tz (Figure 17C). Z

D &9 7250 L EO TRV R EOE T, S ARES) T O ORI 2 M AF T REME S

HD. EBIZ, LEGar TlX, Ry B ZEEHFO MTU OfisEE L 7% L AEOMIER L

DFAENSHEE LR OffsEEIZ/N& < (Figure 26C), 7 & L AfoRsE, MERTIKE

o7z (Figure 26B). F7-, MilEEhEZ MR L7- 1 LA OXMLFEITBNT, HEHF O RO

REBD—ETHo7ZICOED ST T F L AEOMIERIT LEGar 25 8.2%, LEGnor 7°

6.0% &, LEGar @7 F L ABENEEWIfEIL CHE—EHE L CWAZ ERNHAL MR-

(Figure 31). D%V, LEGaRIELT ¥ LV AEWIRE S, HOBENEDLRN>TT20HIZ,

Ry B THEMPOT XL AEOMHERNEHE 72O LILZu.
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FEATAFZRIZ BT, SSC BB O FEF O FRIFTEENL, o-y HEEZFHEI L, AHOmE %

5 & THHIER OB MIRIC & D MR OFE R L RET 2BE 1 HD 2 &2l

1L TW5 (Horitaetal., 1996). Z D5 %, SSC EENZ BV CTHEERESEINT S &, A

GBI DYEIMT & b g o> THEMP OFHRNEL 720, 7 F L A ROk — ik &2 N4

HZ LN TX% (Ishikawa et al., 2007; Sousa et al., 2007). 7'v h=—/)L 3 THEJig L7=iRED

BIr AR v VIEINCIBVT, EEIRREE OB E S T CTRL Tl MG OEHFT O HiE

OGN REF Y, FIEIENEM LIZDICX LT, 75 b AREWEZSRERE CTl, LEGamr

DF732 5T LEGnor (28BN T IEENHREE O AE O FEEI OB X A I v 7 Oipis i &

WCEAERRD e oTo. ZOMHIEEOMEZ A4 I 71% CTRL LV HiELS, 7F LA

BEWTAGREBR A TlE, Ay v 7T, HRHESO &GS A I TRy B T

FEIZE O THHEE LT ianas, HEtiliic 7 5 LV A+ 0B nAE L TE 6T,

M3 E C T2 ATREMEA @Y. Z O TRERERIE, BRI SER 2R ohEZ Iz 57z

DDOYSIS DR RS & 275, EALFHKIZI1T 2FEE 21T T < a-y B O FHEHE 7

X L ARE, TOELEACKTH AT ) LT — DA BB L TV D A[REMEN H

D, SHBROBERREL LTz,

F77, 7u bha— 4128V, MAX TOFR v By ZEBH, LEGarIL, MG OFHIG

IGENS LEGnor & RIFREE TH S 7203, 7 % LV AEEE DMK > 7272012, o7 % L4

fEDMRRNEm NPT, ORI, LEGar TlX, 7F L ABOMEIK NIZINZ T, #Hih
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RIS T % U AR 2 @60 5 2 & S TE R o T2 A BE% O 7 3% L A i oo ol 72 (i R IR AE
ZHIEE I L7AREMNH D, LR - TC, LEGar!E, Ll L7727 % U AEOMEIZN A
T, X - BT L L TOROFEETEE) S LEGNor & [FIFRE £ CHIE LTV e W ATREVER &
D, Ay 7EBRIC, BEOAKETT 58K E TR L ARARREICHIESE, TR LA
JEFFHIZED U 27 @ TS Al RetEn & 5 (Figure 32B) .

Jeik L72 R, 7% L AR E OB Y 227 R0, & v v JisE#hh o Es) iR E
(KRS LT BB OFREE 23T O 72 LEGnor TID T F L AEDMTE Y 27 b @ 5 =

CICENDREMD S 5.
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Figure 32 . Schema of risk factors for Achilles tendon re-rupture

7 % L AR ETRBRE 1T AWIRE DT 3 —< ARSI EIE LR WERIZOWT

T L AJEMIZIE L E OREEO T X U RAREE L, Ry L DR T g —

VA K el L7 e TSR (Wang et al., 2013) T, 7 % L AJEBIZERERE I R 6 2R

Uy LT, T ¥ LAROE AT Y L AOKE SRPEL TS AR S Y,

PeiZ T F LV ARICEB SN T L X =B L LTS T LE-T2 2 &
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WEE L TWA EHERINTWS., AFED 7 ha—)L 4 ([2BWT, 7% L Ao

FIHZh R Z NI 2 7 % L AEOFEOEE (Work ratio) H LEGnor & D & LEGarg TIE

< (Figure 29C), BT FNF—DRMABFRMETFTLTND ZENMEETE S, £, &

o B TEEF O T R L AED ) - HERURICEBUW T, LEGarR TITiEHITE YT ATF OHI5R

ZhH (Potentiation) 23 A SHiL72/-~7-2 &1 (Figure 30BD), 7 % L A JEWZ% O EIK T

PIPE T R X —DETE - BRI 82 FAF S L O S THIJE (Wang et al. 2013) & SCFf

L.

SSC ZFIMT XA T I v 7 REUEB T OB 57 & L AEOFEF IS 57

X L AR SOV o U R, SN Lo TR X 15 (Ishikawa et al., 2007; Komi and

Nicol, 2011). %2, BEHIRTOFFTAHIEENCHEHIE S OMIER S DR & &3, i o ATF

RT X VAR A S, T XLV AEOFEER FICEERE AR EBmb T

% (Figure 33A : Ishikawa and Komi 2008; Komi 2000) . 452 SSC i#E&hH oM S, ik

WD M7 HEBLE TORR], BX)FHIEIE (Electro mechanical delay : EMD) % 5 &

4% & (Nicol and Komi 1998), 7 v B2 7 D X 9 7 EHIRRE] O & W ER) (100 ms ) @

Yrty, (MRS T £ o 72 s BB #% 50 ms LARE (BB Rs S SLR Rififk) @ ATF (2

WELZRITL, ZORSEC XD ATF ORISR, FHlEE A RO &5 R (Shortening

phase: #J 70 msec LIFE) CTHERTEX LB x 605 (A)IlE Komi, 2007). L2>L7RA 5,

A7 TIE, Ay B 7o MG OFEMBTOMIEBIORGZ A I v 7085 (Fa k=
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—)L3) Z LT AT, BB A RIS 1T D SOL OFFTEENE, LEGnor & Hd L T LEGarr

TIKAro 72 (Figure 27). ZDfER, LEGar TiL ATF 2MEL 720, &) - HEERIRICE

(F D% 70 ms LURED S DR DBLE SNeino T2 Z LIiZHRehi %, DF Y, 7L

ANEWTZLA% DR T F— ARSI EE L WER I, 7% L AEEEN X S OME

KT AT, Ay By ZEBFOGIESEDIR T REE L E TATF Z2mD 6T,

WEHKD SSC D a7 MIUE->7=7 F L A jME = 2L X — DO ERE — HA AN BRI

ITOILTNRNT SIZER LTV 2 aIREMENE 2 iz (Figure 33B) .

— 5T, BifZ- (Shortening JRjifi) DO OFHFEEIFEENIZ IV T, LEGarr @ SOL D% H)

LUV LEGor & HREE U CRWVRRE A B 7= (Figure 27). kEx 72y v o EEIH (2

ey o7, BEBY, KEBELOZXA Iy Ny 7, mybE 7, Fay

Tx 7)) OfEOMFEREEZHE LI ITIEICB N T, T E L AROBERIT 2 AR

Y B TRRNR Y TV 7T, AT T m E o P oL — 2 R - TR

MT 2701, HHMETOFHROAFECHIER L NAPMENZ ERHESHTVD

(Fukashiro et al., 2005; Fukashiro et al., 1995a) . AHFZE Tl, Joub L7=7 % L Ao Work ratio

2% LEGnor &2 ¥ LEGarg T <, Shortening & T SOL O FEEN L~ L2370 7= (Figure

25). DV, LEGarIE, 7 F L AREMIZIZ X HMEIR TIC X o THRMICFIHTE 20T

¥ L AJED G T L —DOFF A 9 7291, EEFHOMHIEE) L1 % 5D T

FE RIS TRy B 7 ETo TWA RN D 5.
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. (Ishikawa and Komi, 2008; Komi 2000) ( A)
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Figure 33. Schema of not recover for performance after Achilles tendon rupture.

3-5. ¥&®
AWFETIL, 7% L ARBTRREERHE O » & 2 7 EB H ORTEE) & 7 % L R EEIE 2

LML, 7TXURAREIED U X7 BRSO ZE DR T —~ 2 AN EIE L7 WEL K %

BT 52 2HE Lz, ZOREE, FiloFERHLNE o7,

1) 7XVUARBEHANTEZZTHE 24FEFRERB LT % LAY LEGyor D7 F L Af L

g LTRSS, SEMEWZ L3R S, BN 2 FRERE L A AR ZITAD

WEETH-72L LTH, 7% VARMEII T3 EHE L TOZRWATEEEN D 5. T DR,

B LEGAr DT 3 L AT, BENHINI 2 {H5ER (8%) FTHiXsh sz
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2)

EMHER SN, FTo, HETO MG FRIFHEBIOBIAG Z A I > 7137 % L AW

BB D LEGarr DA72 5T, LEGNor IZBWTHEND Z ERH LML/ T2. DFE D,

BRI IS U e BALTPAXIC & 2 SRS B OTE BB 2 A I BN D Z L8 T

F L ABEFFEIER O U R 7 B & 72 D TREMEARIR ST

Ry B TEEBTOT % L AREOHMER SR 2T SEETH LT F L ARED

Work ratio I'% LEGaTr yip LEGNoR )] %/J\é#o 7. :j/wi, MG O)%ﬁﬁﬁ%{%@]@%ﬁﬁ&

A I THREND I EITINA T, SRR OB S R B8V T, SOL D FpEE)

LAULMET L, ATEDIR T ZHW-Z EICERLTWS LEADbND. DFED, TF

L AR & D BEOH IR TIC AT, i OIEENSE O T 2352588 L Tt = gL %

— RN TE TN Z &0, B o7 +—< U 23 EE LA WER 2 7

STWDHAEEMEDN R STz, £, Ay B Z#EEF, 7% L ABERIERE O LEGarr

T, MW & 2 B0 SR B SR OIR T 2 E 3 5 729012, HEi# - (Shortening

JE) TSOL OAEEI L~ EZ @O TIHIE L TWAZ ERH LM E o7z
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AR  RIERE

AWFFETIE, ATy 7 R EREHTOT X L AEONET L2 ML LTk, 7%

L ANBERIZNAE U 5 U A 7 BERSCWIRZ I N7 —~ AR+ BE LR WERZ

WTHRETT 2729012, 7 % L AREOMIRRIS B2 R AF T 7 5 U AR & ) O g5 B)

(R L, &Ry vy 7ER P OFIEERECT % L AEOBERERY « TERBRIRHEZ I 5 200

L7, ZORER, AREBRICSM LT % L R EEEGRBRE O (LEGaw) D7 F L X

JEDHE N+ EE L TR VERe, XA T2 v 7 @8 o FRIFHIEEN N TR ITKAF L

TIHESNTWRWER, HRY 27 25050 chd Rz, £72, LEGaR I

MEMTAAZ 1T T F U ABEOMEIR TICINA T, A LETZ—0 BALHFHRIC K 2 ORISR

DIRTARE LT ATF 2METF L, St L —0FE R & HAHANIRNIITDbR T

W I EDBWRZIC NN T =< AR EIE LA WER & s TWD ATEEMEZ /R LT, K

T, AERTELNIFAEREZFEICLT, THFLVRABEMEZO ) Y T —3 9 2%

TR TTHEDREET S,

Wil (LEGatr) O 7 5 L Af#E, REISiHRKERE Fv 7 BP0 T 5§ L A e

v TRPMEFM (LEGNor) & H#E L TR o 7228, SZENEJE bV 27 648 1 oD fify SO EE | 2

WA R BN o T, 2RI K o Tl v B u ZiEEI O LEGatr O 7 3 L A g & <C{hiE

RNEFE ST AN B V. FEZRRIZ, 1 A DORRE BT, MAX TOR v B 7ERH,

HROESZEIZT—ETH 720, 7 L AkOMIER 2k M fa I CE — 85 417 - C
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WeZ RN E o7z, F, TR VARKAIC L OBOMER T, #A4FI v

IRIEE O T X L APEORIER 2 &) THGERE CIEEI S 57210 T, Ay v i

BIFHTF VXH@@’H:?%@%U/EI\ (Work ratio) b LEGNOR i) LEGaTr f1&< Al) , T XL

ZRED BT RNV F— DA ANRPE T L72Z & T, LEGar OHEHIZ ¥R/ CTHHILD

HasR S (Potentiation) 234 L CUN-.

L7=MNoT, THFLVRREZIZRTT DU AEY T —2 9 T, BFZUCEI VKT L

TR LUAREELZEESED N —= 0 FREEL RS, TFETIE, P—=0712k%

fEDFTBMEIC B 2898 TIoN TR Y, FL—=2 7B DI E O, ML

—= U VRECENRRENEECH D Z L AL STV S (Arampatzis et al., 2007,

2009; Kubo at al., 2006, 2012; Reeves et al., 2003). 1T # Arampatzis (2009) 1%, AWM TO

TAIARN) 7 Fo—= T EHEREL T 5. 4TI (A% 2016; Kubo et al., 2012) T

E, BREOTA VAN I FL—=0 78T AV b=y 7 FL—= 7 TORND =

T UBMEREBELTEY, 7TAYVA N v 7 FL—=0 7T, BREZ & O

HRDZ A T1aT7 =7 OEEBEEDL I EEZPLNILTND. LER-T, THFLA

TEMTRZIAT O MARETDTA Y A N v 7 TO M Lb—= 70, 7% LV AL Z &0,

HEE P OT X U AREORRBON T MR D= O LIZER D 00E L.

T X U AREMIEERERE ClE, Ry B UER T, FRIHIEEIO &SRB Y A I T ER

v B ZREIZAE DY TIHE L TV RNz, HEHIBRMICT U AR5k RAT
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TELT, WMADECTWDAREMERH Y, 7 F L AR 12137 % L A i %

EODH L —= U TR L, ERRE IR LEMIEEOREM TS Lo b

L—=V ONEELR D, SEATHIZE (Taubeetal., 2012) 128\ T, #MYIKLDOH 5 SSC 1E

B COFFFHEDIL, HITEREF RO T 1 — Py 7 MTbh o 2L THESLD L Sh

TWD. ZOZEnD, AR THWZ X 9728k v B2 7 Clis EBIG U iiEEh o

FHEERERES b L—= 7 3D Z &I S N5,

PLEDZ Emb, 7% U RAEMIEERERE OFEINEDO ) N F—2 a3 o TliE, 7FLb

AR 22 500 2 Te DI P > < VDT A VY A R w7 Mb—= T %IT\, 7TH L

AMEREE 2 [FE S, HIEBOREZTOEL Z LN EEL LD,
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