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(1) #=

1960 DO —~A4V By 7 DRA~T Y UEii CoF AT ANDkE EHEORTIMER

LCLCk, 7 7 ) makE 0T - RfEbe LEEoRFOEBRRE TOFRBITARE LV, &

F, ARG R 2 ICHEH L, ~T7 VAR T xR IO B EMET S =T ADANAD

10%fREZ DD 0 Lo VU EokE EsfaE It RS EO KRS TR L, 203N 31k F

HEZARMBIRWD. Mz T, BAROBFELINTW-~T7 VY UEitkt, Bl bR

YXTDO Ry FI0ITHET 7Y AEEOETTCHODLENTWS., v T Y O HARED,

HRFEEEND 3 0L EHEN T Y (Table 1), ¥FIZHFTIET 7V WL OB 107

LT IEM Th B.

Men's World records

Japanese records

Event Record Athlete Nationality Date Record Athlete Date
100 M 9.58 Usain Bolt Jamaica 2009 10.00 Koji Ito 1998
200 M 19.19 Usain Bolt Jamaica 2009 20.03 Shingo Suetsugu 2003
400 M 43.18 Michael Johnson United States 1999 44.78 Susumu Takano 1991
800 M 01:40.9 David Rudisha Kenya 2012 01:45.7 Sho Kawamoto 2014
1500 M 03:26.0 Hicham El Guerrouj Morocco 1998 03:37.4 Fumikazu Kobayashi 2004
3000 M 07:20.7 Daniel Komen Kenya 1996 07:40.1 Suguru Osako 2014
5000 M 12:37.4 Kenenisa Bekele Ethiopia 2004 13:13.2 Takayuki Matsuiya 2007
10000 M 26:17.5 Kenenisa Bekele Ethiopia 2005 27:35.1 Toshinari Takaoka 2001
Half marathon 58:23.0 Zersenay Tadese Eritrea 2010 1:00:25 Atsushi Sato 2007
Marathon 2:02:57 Dennis Kipruto Kimetto Kenya 2014 2:06:16 Toshinari Takaoka 2002
Women's World records Japanese records
Event Record Athlete Nationality Date Record Athlete Date
100 M 10.49 Florence Griffith Joyner United States 1988 11.21 Chisato Fukushima 2010
200 M 21.34 Florence Griffith Joyner United States 1988 22.89 Chisato Fukushima 2010
400 M 47.60 Marita Koch Germany 1985 51.75 Asami Tanno 2008
800 M 01:53.3 Jarmila Kratochvilova Czechoslovakia 1983 02:00.8 Miho Sugimori 2005
1500 M 03:50.5 Qu Yunxia China 1993 04:07.9 Yuriko Kobayashi 2006
3000 M 08:06.1 Wang Junxia China 1993 08:44.4 Kayoko Fukushi 2002
5000 M 14:11.2 Tirunesh Dibaba Ethiopia 2008 14:53.2 Kayoko Fukushi 2005
10000 M 29:31.8 Wang Junxia China 1993 30:48.9 Yoko Shibui 2002
Half marathon 1:05:12 Florence Kiplagat Kenya 2014 1:.07:26 Kayoko Fukushi 2006
Marathon 2:15:25 Paula Radcliffe Great Britain 2003 2:19:12 Mizuki Noguchi 2005
(October 31, 2014)

Table 1. World records and Japanese records of running events for men and women



W7 7V EEEOF - KRR EFERFOERICE B L2t (e.g., Costill et al.

1976, Jones 1998, Saltin et al. 1995) 2k % &, FATIDIRIETH D KR EBEENZEH L
TEWMEZRTIRT 7 U DEEORFIID 7 <, Hf iV THRHTEGBRMEOEIG 3%
W2 EORFBUTERO TV e, S B2, EEE) O M P AR EERE 2 A L 7249t
(Saltin 2003) Tik, =7 N7 F—I%, @HEDOHEMI,E D i o FLEEIR B O FEIN 0 E<070)
ThHEWMESNTEY, TORAH=7 ATHLNITR > TR,

AP IR FERE LA T, AR RO R W B 7 2 42 TEITI 5 4L (Onywera et al. 2006,
Larsen et al. 2005), F&JEi& LEWD 2 O/ 7 ) —FEHIZ L 2 0BRY 72 LA (Tanser 1997) <2,
KA e ) —£ (Peters and Goetzsche 1997, Onywera et al. 2004), EHIEREE (Scott et al. 2003,
Lucia etal. 2006) 72 &, &k SEZRHMRIBRTEEND, #0 OFiE IO @ SR 5 & ahi
ERAYIEE AT AY

NTE] O B (AREBNRE ) O LB 9E 41T > T & 72 Noakes H1E, ML —=2 77 EHRMED
RETEDDRT WIS OAHTIEZR <, K ERRMEERER A =7 AT - KRR E
BB FORS &R T D AR A R LTS (Noakes 2002). 7 =7 AT »F—Z BRI
ffF%E L C & 72 Saltin (2003) 1%, 7 =7 N7 v F—ORIEITIX, EBESCHERNLG
BEDIRDENREMRT D ERBE LTINS, LLAEDRG, HooBE oS & EFLTRL
BRI OV TIIH B NI ST 220,

L1 F - RERERE EBETE B OB I 2 R0 531 A A T =7 AR5
2



e REEREA D T, RRKMBRABEREL

CHICHEEREEL LT, Ty s may

T—=NFEFHND (Joyner 1991). T =27
T/ I—%, F—HETES T ETDOWE
BIEE R L, K TFICBT 2 EBNELHR

ETHHEELE STV 5 (Cavanagh and Kram
1985, Conley and Krahenbuhl 1980, Costill et al.
—REIZ

1973, Morgan et al. 1989) . ANTA

RN, T =v TR Emb 5 DICH
HTHDHEINTWD (Hogberg 1952, Malina
etal. 1971, Morgan etal. 1990). L2>L72725 5,
— T =G L LRI, B

ABRTARED BRY, £ZITENA T4

FCEDLBMEERENAWMLT v = o)

(Cavanagh and Williams 1982).

T LI~ oI =7 xoa ) I —%EUT-FE T, BRET

Jo=gxTa)

AT THEDN,
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I —%/~ L7 (Hogberg 1952).

kb= rxa) I —0EWET

Figure 1. Different running Kkinematics

between 3 different running economy

(VO2max) groups (Williams and Cavanagh

1987).

I=BNETTLEHESINLTVD

iz, AT v THEOFERLOBHETEA ) — 4

IZBWTHRbLEW

DED, HERTEDIHDORA T A KR

(2725 AlH

William 1982, Kaneko et al. 1987, Knuttgen 1961, Powers et al. 1982).

*7,

EME2NE VY (Cavanagh and

Jo=mv g xa)




R—HEEODNAF A D =7 APERIZOWTHFZE L T & 7= Williams & Cavanagh (1987)
HlE, —ORERE LRFERIC, = za ) I —EEIEOBMRIC OV TR
LT&Ee. 2201, Jv=vrxa I—n@mn@FOEBETIE, 1) Bk fiE
DORHEDR K EZ VN, 2) HEHIBRRH] O TRROBRMEN K E VY, 3) KRNI 2 REIHE O i i 25 K
XU, 4) BEHIRFO R BRI OB AE /NS, 5) Btk D BIES RIS FIICKRE W, 6) B
(REL O EFECEG ORI/ S W, E WV RN T 5T D (Figure 1) . £ 7=,
ERE TR AT EEME ORI E, TR O DR LT — D5 - A OTT B/ LT
WAHAREE bR STV D (AL 2010).

TR, MRy T LD =7 AR R EBiEoRF (LUF, =7 NEF) LR
R L~v o BARNK R o T (LT, BARNET) O L —2AhoEE{Ex
B L7ZAFZE T, =7 NETE, AARNET LY bR ORI ORME KX <, Bl
BT 2 R BEFi OJEIR & BRI OMEN/ NI N EREINTND (AL 2005). £z,
=T NEF 64 L ARNETF 144205 LI ESEL R L72FE (AL 2007) C
X, =7 NEFT, RIBEORE 2B FEFI & TIRO KR & 2%, £ L THRFEWIEIHiH
JBRIZE DRI ~DFEH L E W) R HER SN T WD, Fiz, KBRTITh 2 11 B
Sibe EBHORTHERSOREE EADL 2010) Tk, =7 NETIIHANET & TN,
L — 24 {f %0l L TR 2L =R O (FARE LD 1 YA 7 V50 i 3
X —Z JFHE TR LIS O) DR S, ARNE AT ¢ 7 % X (HEHIF O R E. T[]

& O RE.LOEB) & 2 SRR O R TER L TR 2RO, KRFBIRTEOFREH.LO



SREZENMTHRLELD) Z2/h&< L, BER ETHZES LEET T LT —HEEZMX
TWH =T, YT — (1 YA 7 DI R & FRE 7 D1 FR = 3L F— D2
MBI LA 7 MIbl>TREILIZH D) RAMNEAT 4 7 X A& @, £l
EEHERLTWD EMEINTEY, fi—INZRERELN TR, BidLomnT
= ra ) I —0EERHE (Williams and Cavanagh 1987) %, ftH{ Ly 7L~ -
MR bsiHoRF AR & L THAE L TWS BN H 5728, FIREEE B 12~ TR
T, S 2 EHEOENLEEDOEANEICELZH Y, by 7L UL O@FICIHET
DRFE ORI 2 81F, RELEMEDFOENTHRVONTRTH S.
—7J7, Kram 5%, EBEEZESTNCHIE L7 0 BEREE N2 5 2 & T, SEEDOH
T A RRHFET RV —DEBE %A L TV 5. Chang and Kram (1999) (%, BEIZ~UL k
DU ETHOKFE T RONEN) i+ 5 2 & T, EATH KL mOINE ) D3 T v
F—a A PO 30%EEE HDHTWD. £/, Modica and Kram (2004) 1%, HIOFIH% DA A
VT ENRT A X —THREIRIC Y R — b5 2 & TEEB P ORMAH T X R Y 20%58 K
TT 52 & aWE L TWD. SRETT MO A N S F 0 EEE) TIE, $hE M2 Tk
< KA T IR 0 M S W2 b 848 %4 B %2 (Chang et al. 2000), it » OHIRC AT v 7ig %
LS ETSE S, FROELAOT VRRELS RV BET R LF =DM ORNBDH 2 &
(Arellano and Kram 2011) 23 50 STV 5. & B, EEE T O LEHO b Lo 3g4E,
W T DKLy, DO AA o TR D/NT AT EOBERNNT =7 Ta ) I—|C

EERWBLEEZARA L FELTHETOLNTWAY, 2O L) T =7 xoa) I —%



B DDA T AT =7 ARG X DRI, 7 =7 NERF O S LIRS 20 5700

TR,

1.2 FEEEIZBIT AR E & A OB RS
BTN —F S & LTI T, BEO RN = %L X — DR & BRI AN EB R A2 5D

% & &4 (Dowson and Taylor 1973, Roberts et al. 1997), b OB {KIEE)IZ ISV T 4 DB

Ff

T RNNFX—OFIHAN T —IEHOER R I E % LT T (e.g., Kawakami 2002, Fukunaga et
al. 2002, Ishikawa and Komi 2008) = & 23 E STV 5. EEENTEH, 75 L A HMET

T L ZEDHER STV D

m&m

INX =DM EBAANT V=T 2a ) I —
(Arampatzis et al. 2006, Fletcher et al. 2010, Albracht and Arampatzis 2013) . EIEHE)TIE, HE
—JMEY 1 7 /v (Stretch-shortening cycle ; SSC) D = &7 MIHEVY, HEHIATOHEIE K O %
AARTEE) (preactivation) <°foe < BEHIE L DR IRGTZ K » TEd b BB AT 1 7 %
AW, T X VAETIROT F L AREO M T 3L X —E DRI S, 0% OB
FTEZ N R LT —Z2HAAL, EEENELZEHDOLIENTELLINTWND
(Komi 2000, Mero et al. 1992, Ishikawa and Komi 2008). ‘BA&AHD T I = L — 3 Viff%E
(Lichtwark and Barclay 2010) T, 2Hz @ SSCiE&EhH, 7 F L Aot L —0DF
BAB L Z 16%TH Y, 7% L AJEOFMED BN E > T Z ORiME T R L — ORI FH 25880
THEHRESNTNWD., —FHT, b FOEEBTIZHE S N7WF5E (Fletcher et al. 2013) T

X, 7F L AREOBEIET KL —DEERD 5.4—5.7%FRE S @E SN TWD. L LR D,



NFEESe, 4« RIFFEFEH 72 P H B OBEWNC L D, HEOIRE 2 E\eRitE— z L X —DF|
AR DENZHOWNWTIE, TNETIEEAEHTHILNTWRWE=D, BT 7 higEOH -

R BRRERE BB EOR T O ST f L X — ORI D BILR T 2 OIS TR .

13 Fvr=v7xa)I—TROERK, HiROEREL OBEK

R, < OMRESCa—F, ’T 7 ) HekE O RERE FHRTIE, %5858 O
BV O Z A0 L, BE 3L X — 2 RMICRAL, I =z
J I —=TOHETEARIZLTWVDDOTIERWNEEE LTS (Noakes 2002, Saltin 2003) .
W7 7V BE O - B FBEEGRTIE, 7R L RABPLEENEY, AR/
XV, ZLT, RIEMMELS, BRI E VS TZREERT D E VI MENL Y (Himes
1979, Ross and Ward 1984, Malina 1969, Tunner 1964, Davenport and Love 1921, Herskovitz 1930,
EAD 2007). £72, 5 by 7T L0 =7 NREBEE FSiHET 14 L BRAOKE
Ay T UL ORERRERE EBiEORTFEO TRIERERICE B L2 eTarse G5 S 2009) T
%, Zr=rrxa ) I=REW0IRFIEE, BRIBIHAEISR 5 TR = 58/5 ORI imfE»3 /]
SNEHESNTWD., £, F=7 A& I3 —u vy N \ORREHET Z L L 72pF9E T,
THROEENBEWVEFIIT =7 za )/ I—=0NG0ARERRE I TS (Lucia et al.
2006, Saltin 2003) . ZiU 5 OJERERIFHEIL, EEEBOHO XA > FEERE O =R LF—a X
MZEET L AEEMEN H S (Anderson 1996, Lucia et al. 2006) .

FIERIC, THRLRAEE—A L M7 —25 (MAar) DNEWE, T =0 7 OBEROMEE %2 %)



BHNCT F L AEESNCEWRTE, BT R L X — DT L FAA AT Z N TE D &
HAFEN S Z 40TV % (Raichlen et al. 2011, Scholz et al. 2008, Mooses et al. 2014). = —1
Y XD—MEEANT o F— % KGUT LTS (Scholz et al. 2008) TIE, MAar ZFLV ANIE R
FEMENMEL, Fr=vFTa/ I—=0RNEnk S, Mooses © (2014) ORFFE T L—7

T, =7 N7 v —DHEHHE L~ L OROVEFN S EBWVIRFEZHRICILT, THF L
AMpEE—A L N T —LPBENANEFEET =7 oa ) I—REnEREIRL TS, — T,
AARNETE by 7LD =7 ANBRFETHIE LIZSE, 7=7 ABRFOTT N MAxr 3 R
<, BEHLV~VOFEIETH D International Association Athletic Federation (IAAF) A= 7

(Spiriev 2011) & MAar OBHRIZEBWTH, TAAF A 7 0NEVIETIEE, MAar BNEWE
W o T fE RN A STV 5 (Kunimasa etal. 2014) . 2405 O MAar (2B 2 RO A~ —E
X, WERGE OB L ~V, Hilk - BHERE, Zo=0 777 =y 7 BEKRL TS ATHE
PEDMFERT S AL TU D (Ishikawa et al. 2013). L2>L72R23N 5, ZivD ORFSEIE, FEREAIREE &
Bid o TEBERE ) OBMRIC OV TR SN2 T, MAar OFEW, EEEhH, 7% L R
DT R F — ORI ED X 5 2B % B T T HaIcmi S hTunian.,

SSC EENZ BT 5 HiE = KL F—DOF|HIZONT, 7TF L AREWVIZE, #HiEx R L ¥
— D7 & FRIHAOEIENHEMNT 5 & vy S #iE (e.g., Anderson 1996, Hunter et al. 2011, Larsen
et al. 2004) &, WIZT FLRAFENETEDH LA NELRT L, B b DS OIRER)HFIN
TR AREMESER STV 5 (Anderson 1996). F72, 7F L AMENE S fHRMBE W&

BIER AT EN S D b a AT LU T O R SZALOFPHA N L, FHEY 72 /5 O {3k - X



FEEDHEEIN L V7 R OR T2 HET < 2D, 62, Hofsk « FHEEE S EN
T HAREME N E <, D—HERRIZBWTYILa AT L-ULTO NRENRNME T T 5 ilhHE
PERE, EEE, TH L AJEOE S OEWIZ L HHMET 2L X —OFHEIZOWTIE, et

TR,

14 Fr=rvr7xa)I—LTIROMGREOKRERMDBELR

T X LVAEPMI AT 4 TR AR &, HEHETERRERF O ) 2 SV RIS R L — L L
TR C &, EEPOFHOME - FfEOHEFELZWDOIEDL L L, BEHOTY I L —T 3
V%8 (Lichtwark and Barclay 2010) Tl%, 27747 "ERT = Fxa ) I —
a5 ETHEETHLERLTWS, LLAanD, EEEF, HITfEESREE L F
BRICAHEE — MEEE 2 L7 & W o 7o (Ishikawa and Komi 2008), i & JE 4 5 e ke
WMDOAT 4 THXANT =7 xa ) I—Z7 T AHEAT 5 Loz (Fletcher et al.
2010) =0, MEAAFEST XL ABED AT 4 T XA L REBIDOAT 4 TR A @O DA ML T
ARNL—=UTT, Jr=yvrxza)I—NEEdEWVoTz#lE (Fletcher et al. 2010,
Albracht and Arampatzis 2013) 72X TS, ZHHOFETIE, 7% L AR EREH O
AT 4 v TR AREDDH & T, AEB OB I3 5 7 O R B R A T
L2EMTE, KVIROBRHIFEBHNNAIGEE R DL LEZEZHN TS (Alexander 2002,
Arampatzis et al. 2006, Fletcher et al. 2010) . E&)Z)=RIZEHT 2 B FEER TIX, 7 TIZ Biewener

& Roberts (2000) 73, Sl U7=f@Eo PR E72 17 T <, O = 2L F—{CH DN EEh ) =R



(SR L LML TWD. I, [F CHAETERE T b HAEW O DRI T 518

AR RBTRL L L, BOBENER) OEREMEDERIT, 7 OTFRERIEE OWEISIZEMR L

TWDEHRELTWD., TNODOEITHEND, F=7 NEFOZREM Lt - RIEAEBHRE

HIZB T2 SE, =077 7=y 7213 T, LTl 7 mild - Bk OB BN

JSZ X DTERERY - BERERI R RO FIREME N R E B A b D,

(2) BWY

AWFFEIL, FiDOBIZOWTHHTHZ 2 HE LTz,

1) ROy T Lo KR EtoR T ORI (7 F L 2R, MAar,

k) ZHLNCT S, (EEEREL, EEhRE2)

2) BHEi%EEICHWS SSCHEENCENZKY, by Lo - Bk i

FHIR v B TR OMEBITE & RIS, EEREE D 5 ETHRIIKEETS S

Fila A LT 200 E9 5. CEBEREL)

3) U=TLHARD My T LULOh - REEERE BT O EER T O EERE & )

EOENZHLNITL, EREGED DR « BERERRHEDNFIET D D2t

5. (EBERE2)
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(3) FHik
3.1 HIEXSRE

WERGE L, R EcE 22tk bh - RIBEEAFMER L350 =7 A - &

PEEERE ERiHO®R T (KENYAN) 13 44, =i bo—Uifs U CREEER — ko 3 —n v S A

BrE104 L, EHER - BERNRETYH « REEEC~ 7 Y R ICHSRBRO H Sk B - KR

BB E &35 BARAOY « BipEtERe FBEGRT 11 4 & L7z, KENYAN BEi2i%, ~7

Y R O r i RGLER RS, - REEEERE LBEE B O - Soit RRLE IR R E R, EE -

ERRETOS - Rb#EkE LR H TAERBRO® 57 =7 AR LgBoRF & L.

TEBIFEGE 1 T, KENYAN O7K v B2 7 i OMfRIESE) & il ORE 2 B O OB S A2 B 5 )

2T B8, FFE® KENYAN 134025 10 40”0 L, % KENYAN O x5O 2 |k

7 — /Uit % , KENYAN & & 23+ cm Q& TENEIL~ v T L, THEDOE X725 KENYAN

CRIFRE & 72 D, BEMHNISH R AR —Y 21T 5 TR, Dy F T AME BEFE RO/ ME M

Bo/na—oa vl ABM 104 (CTRL) & L7,

TEEIFRE 2 TliE, KENYAN OEEHH OMRRIGE) & il DOHR 5 O O RS 2 B 62T

5728, EFEO KENYAN 134005 11 ARSI L, %O KENYAN Obigxtgoa s fa—

NEEZ, KENYAN & HRDL3%DHMH T~ v F L, 1 - REHEC~ T Y 18 H OEE -

WRSICHEGRBROH 5 B ARANF - EIRBENE E5iHoETF (JAPANESE) & L7-. Zhv2ho

EERSINEH O B IR RS & itk i1 T3 5 International Association Athletic Federation

(IAAF) A =27 % Table 2 IZ7”T. TAAF A a7 TR A FHEREE O X A4 L0805
11



P Z B ORA T TIZHRE L CHET 57200 H DT, IAAF BERLTWHRAaT U v
7T =7 N HWTHEI L7z (Spiriev 2011).

BERTRFNATHE TSN > THEDOBR S, 38 L OVIEIZ & & 72 o falRt: & JlEXTRE O
MR Z 0B L, ENENOERE (955 « AAGE) Tt LcFmIc THIEICET 22
DRE BT, v, AFEOFERIL, ~V U FEEL P EHR LT HEFLEOMIER
JFHNZHEES &, RIREFERFO v M NMEERICET 2 MmEFE EEZ B2 DKR L 1AAF

High Performance Training Centre, Kenya CO7KFR 215 TS L7z (KFRE 5 10-21, 11-21).

Table 2. Physical characteristics and endurance running performance

Hopping Running
KENYAN CTRL KENYAN JAPANESE
(n=10) (n=10) (n=11) (n=11)
Age (yr) 20.8 £3.5 25.0+£3.9 19.3 £3.1 19.6+2.4
Height (cm) 175.1+ 6.4 1745+ 54 174.4 +7.9 171.2+£4.3
Body mass (kg) 57.9+5.1 71.3+£5.0 % 56.0 £ 7.1 58.3+48
IAAF score 1181.7 = 38.7 — 1126.9 + 105.2 909.4 +£130.8 **

Values are expressed as mean + standard deviation. * and ** Significant differences between KENYAN and
CTRL and between KENYAN and JAPANESE at p < 0.05 and p < 0.01, respectively. IAAF; International

Association Athletic Federation.

3.2 JIEFIE RIZEOWHH) LHEHEE :
HIER R B O EREHR & 75 - BEOTERRINE & Fft L 72k, BRI O A& o7k
v/ GEERREL) BE ULy RV EToEEE) GESRE2) OETREE1TH
IR Lz, RIEEMRE X, FUEDRFRICIZRDEIFA—07 v a U HEORWE JE
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&, K TIICAFEREEEZ I 0 72RET, Tt o@EEEREZ1T>72. KENYAN
FEOWEIX, =7, =/ KL v R® High performance training center C3<fii L, CTRL #£D
WEX, 747K, 277 A% 27 KFO Neuromuscular research center T, JAPANESE

FEOMIEIL, REIEBRFENAA AN =7 AFERETIT o 72,

B DS ERF & - EOFRBHIE

FREMNEREZRE L%, MESREITITLZHNANAL ORBZRFFSE, THRE, PHED
— 7 X L AR, NMIBERERS (Medial gastrocnemius muscle ; MG) OO HE (L) &
ZORRAZRE Lz, FREGPFFEOTEAD DINROTER E CTOMEHE L, BRZHN
THIE L7z, F7o, PEER — 7 % LU ARG AL DN - SMUBEIE T O AL 5B O 7 %
L AMED RGN E COREHE (Figure 2A) & EFRL, BERZHESR (=7 - 3—n1 v
TOME : Prosound C3cv, HILT B AT 4 AL, AARTOWE : 010, HILT 1 A
T4 ANAER) O B E— RIEZRAWT, EEMEEOARE & BEIEH — 7 % L A O %
[FE L7k, BERER —7 % L ARER 2 R L DEREZHWTEHIILZ. £72, Le i
MG D JE BRI & VRIS SR E L U, ZORIRMAIE Lea & RIS O k94 &
L7z (Figure 2A) . R 472 FERPNEB A8 B I HEBTEME L 0 B4 7 7 =7 (Image
J,  NIH, USA) ZHWTEHIL7=. 7235, 77X L AJER & L OREOFHELMEIZ OV T
[F CBRFIC K D 8T A MEZAWT 3 AORIERSREIZ 2 FEHRIEZTTV, @O BB 1T
9% (Kawakami et al. 1993, Scott et al. 1993) THER I TIH Y, AFETHHREXSLE T

13



mVEBME (ICC = 0.95) ZfEGRL T\ 5.

BT, THRUVAPEE—A L b7 —L (MAar) ORIE GEZERE 2) 1%, Scholz & (2008)
DIFEE R, R CREEN OER T, EAOFRRENST VXV AT (EX-FH25,
CASIO ##) Z MW TREfiZRkY L, £4AThEho R O FEmg b g4
7 b7 =7 (ImageJ, NIH, USA) Z MW\ CH#rL7= (Figure 2B). &R D « 15 /E Dla]
Rl 2 IS E PR A S D & MEE AN R ORI AR A TS E L, N AR OREHEENE
NS AKESHE~OREE, FEBEENS 7 X L A gt FITT 2R L Lo E DR HE TON
SMAIZ N E N D FEREDNEEZ MAar & L, AR, EREITHE L7 MAar 2 ¥ LT
b D Z TR O MAar & LTz,

F 7z, BEOREROBRZAE L S/ a X T EOME - FfiE~O B OV THRETT 572

DIZ, MAATIZXFT 5 Lra DFIE (Le/MAar F1)  (Lieber 2010) AR H L7-.

14



Gastrocnemius muscle

Pennation
angle

Gastrocnemius muscle-Achilles
tendon length

Achilles tendon moment arm

Medial .atera
s1de G ! A s1ae
i \. . v - - l E

o b L EEXNENENL. X
e

NERL X

(Sholz et al. 2008)

Figure 2. Schematic illustrations of the musculoskeletal measurements.
(A) Measurement images of MG muscle fascicle and Achilles tendon length

(B) Measurement pictures and calculation of Achilles tendon moment arms
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BERRE1 Sy U 7 OEMPOMRIRE L5 - BREIREOHIE
HIEHEE :

Ry BT, FEBICY TTREZMITLIRET, BEfiD A2 Ao i K55 o
WYY TEIMEITO LR E L. Ay BT ERESELD, RNEIOFR v E
YT IMBIRENZRE DRy B T ~EBATL, IRRE ST TOR Y ' 7 % 10-15 BIFEE
T X2WF#IT A Lz, 122 MoER, AEREE 1 EfTo7. REREOWES, %«
T LAy B Z8fER 5 BRI Ch o T IE R R# 1, — B, +aRIREERT TEF %
B Bro7fRiE T, BHalfT21To 7.

Ry BT, G DA A — K AZ (HDR-CX550V, SONY f:#) 1 5% Hw
T, RIREOA v B ZEEE 240 Hz (2% v Z —AE— K 1/1000 ) THi L.
L7chRy B 7 OGN HERO R - BB E LRI 272012, EHOKREE1, B
OEERFL, SR, B EF LR EEICAE D M 7o~ — 0 — (B 12 mm) Z AR &
L, Frame-Dias II (DKH #:#) ZHW\WCTF VXA X&fTo7-. £, BLZ 130g OEFH
71— (58imagess!, 4dem U =TT o —7, EEIH 13 MHz, AT 2 h AT ¢ L4k
#) % MG OFIEICEE L, BEHEE (Prosound C3cv, HILT v AT ¢ 1 4EH) %
FWT MG @ Lr B1BEA R LT, RIS, &y B 7D MG, SOL, TA OF i EX
(surface electromyogram ; EMG) (EX 10g D7 7 7 4 7 %M, NM-512, HAEER) &M
MFEIEIZ LV EH L (BWE T Ag/AgCl, B : /3T L L S—EEM, #§ 2 mm x #{f 9 mm,
EMMEEEE : 10mm), ~VFT L A—% AT A (WEB-5000, U » 7 /LEREFE>80dB, FF

EE 0.03 8, HANEEMHR) 241 C, o7V o 7EkE 1 kHz TR—YFrarva
16



(ZHEL D A AT (Figure 3A). FZJE & B OHfiA L B — X 2 &K L9720, HIES
REVIRAHDOF WA FEE L7213 O, ARG 5T =2 F R CEMES T A1 < 2
T oltk, TAa—AElELITo. ZHOAETLH O, SOL & TA OEMIT SENIAM O
TA BT A N> TENTNDOFHIETR T ~AEY ©1F 7= (Hermens et al. 2000). £7=, MG
DFEMRIL, SENIAM DH A R T A AR - T fFIENLE LB E K 7 v — 7 Z [ E D A0 4
BLARNG, EMoO MG FHIEEZIZE 0 AT RIEZIT - 72,

Ry B T hOBEREG, BESITHO BT A L EMG 7T —Z ORI, EREDOR

FERERAFICEEE L7 v Y (SEN-08713, FlexiForce, USA) DEHF—# % WA

( A) Hopping Muscle-tendon model (B)

‘ \ EMG

_ Proximal tendon & aponeurosis
" (Ly)

L
';6 Horizontal part of MG fascicle

S
%
Ultrasound ] =
T =
4‘;., _Distal tendon & aponeurosis
| | (Lui)
[
><
Hic ‘rh spccd video MG tendinous tissue (I‘l"l )= ].“, + Ly
camera = MG Ly — MG L, cos 0

Figure 3. Schematic representations of the hopping experiment set-up (A) and calculation

model of medial gastrocnemius muscle-tendon length (B).
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SHTEE
ROV ITHOREEREL Y T —~ ADEH

Ry BB L REERE, NUBHEROBEEESE MTU) Ok S (Lvro) 2°
HiEFE LT, BEHIBER S Lvru O RME OB £ TA MR (Stretching), Lvru Dk
KRAFBREDOBRR] 7> 5 Bl HUBH] & C % 454 (Shortening) & EF L7z, F7-, HEHIET 200ms
2~ BIEHIAT 100ms F T2 SR 200ms /i (PRE200ms), AT 100ms 7> & 2] £
T4 HAHIEERE (PRE100ms) (Komiand Bosco 1987) & E#FEL7-. S 562, Ry 7
P2 DIR D B2 KV BRI IRET S D 728, MRS & 5 F 72 W EEHIBRR 2> & B2 Hh
% 25ms £ THHHIE 25ms JAiE (Early25ms) & L7-.

Ry THORELIZAT v 7 8—10 BIOHEHIRH & 2EREM 42 7 > b L0 E
MUTHELHL, Aoy 70V 7 E (hmx, 1), VX 7N — (Pmx, R2), V¥

VTR T 4 T7FA Ky, 3) B FROXAZHWTHE L= (Dalleau et al. 2004) .

Ry = % gT?  (inm) (1)
2 2 2
Pmax = MTi (% + @ — %) (in W) (2)
Ky = 22 anle (in N m") (3)
e ()

M IHRE &, g ITESINEE, T [THHIFM, Tr (322 2R,

18



R B v 7RO EOBRE ST

Ry B r 7 O, MRIEE) & HEOR S B ORMAER ST B0, BRI
200ms 7> HEEHE TOR v B TEEE ST S ER LT, 2Ry B TEfED R T »
FE, RELZAAT v 7L Lz, BIEEDOT O F A4 AP HELNTZHR 5 o M &
EREBEL, 4 RONF—T =280 — 27 4 )4 (8Hz) TEBLLE#%, RIREIZE
F B RBAE 4 P L R BRI A T LT

F 7o, B L ERAEIAIE ) D Hawkins & Hull (1990) OET /L&, JIEMREHED
THREND, Luru 2 HEE LT, Ay B 7 HO Lutv & Lia, PRAND, 735 L AJE &
A Gde T & L AEHAL R (length of the tendinous tissues; Ltr) %, Fie®ET L& T

BHH L7 (Figure 3B) (Kubo et al. 2000) .

Ltr = LwmtUu — LFa * cosO
Lrr 137 % U AR, Lvru IZNBIBERE A O B E SO K X, Lra (ZPVAIBEIE A O i -

£, 0 (P RIBERE A 5 R O PP A8 2 oR T

FATHRICE W T, FREE T OB ERMEGEOEFEEIT 2 Em W EAWRE SN TS
(Z17 : Ishikawa and Komi 2007, A*{T : Kawakami et al. 2002, Cronin et al. 2009, af Klint et al,
2010) . ARMFZEICEBWTY, 2 HOKy B2 ZFHIZEIT 585 MG oM BB R

19



(normalized two-dimensional cross-correlation coefficient ; NCC. Tt DA &) 1%, 0.90+0.04
TholzZ D, KFEDR v B2 7 HORIEDE S B MR OE ML, TATHFE & Rk

2@t nz 5.

20 Xizo Fe(L)) S: (0, ))

\/2325 423Ft(l ])2 ><2325 2423 St(l ])

RNCC

Rnce (£ 2 A7 v 7O MREHOKEE S HH LA AMBERE A Y L TR LA
FERAMREL, TITHEMURROA A=, 0 L j ITEBOEEES X, BY), BEk

EfROWFBEHIE, 424x326 B 7L, B () & S Gj) T2 ATy TOEGEEEZRT.

KENYAN & CTRL DR » B2 ZORMT, Lutu & Lt T ENOMIERIZ 59 2 5 &
DENEGZ 358 E L TR L. £7-, KENYAN & CTRL D& v o 7 O O Lvtu
2% % Lrr OFEXE 72k « SiEE2HJH T 572912,  Luru DR - EifiEZhEhic

%95 Lrr OffE « HHFEOEI S %2, ZNF LeefER « L BAER L L TRH L.

Ry B ITHOFES)  (Surface electromyography ; EMG)

Wy B THRORFHD EMG X 4 IROANZ —T — 2B RN T 4 0% (20-450 Hz) T
T4 NVHIBE LT, AR L. T0%, Ry B THROLELIZAT v 7 8—10 B %
HHHL, 7y AL v F 2 W THMBER ZFE L, EMG B L2 B nE L L, HiE

20



X E R HIEEIE I 2 B Uz, iiEENE 7 — & 0> &, PRE200ms, PRE100ms, Early25ms,
g, BRI DT NENOEIEE (averaged EMG ; aEMG) % HiH L7=. KENYAN &
CTRL #£® EMG % i3 572912, PRE200ms (Z%f3 % PRE100ms, PRE100ms (Z%}9 %
Early25ms, PRE100ms (ZxI4 o ffaR/mm &, MR/ x4 2 8MERmmo aEMG OFIE

(aEMG Ratio) #HH L7=.

EERRE 2 EEBOBEMPOMRITE L5 - BREEOHIE
HEHEA :

EEEFOREF, by RIE (F=7 TOHE : TGXT600T, TechnoGym Inc, UK,
HATORE : ITR3017, Bertec 8, USA) THRAF TOEFRE TORMETITo72. Al
ERTRHEITERE 250ms! O b Ly RIVETHIENTE, BIENZE Uik L CAEST
MARETH -7 250 m s (SLOW) & 3.86 ms' (MEDIUM) O 2 S0 R E L 1o B 5=
T 30—90 M OEER 2, WERNREZLICT X LA —F—THE L. 4H,
=T EAARTHEZEM LD, FHTH My RIABERLTED, A—RA Y
r—24 (TM-7000, 7 A AGHEAEER) 2 W TEREN —ET 52 & 2 L.

Fy RIV ECoEEF, ZRGF LY A A — KH X F (HDR-CX550V, SONY #h
#) 1 HEHNT, RIREOEEEE 240 Hz (V¥ v ¥ —AE— K 1/1000 #) TH# L7,
i LT EEMEOMUL ) S O L - BT A E A2 F T 27201, ZEMO KT, BB
OEERFL, SR, B EF LR EEICAE D I e~ — 0 — (B 12 mm) Z AR &
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L, Frame-Dias I (DKH #:#) Z AW CTT ¥ A X&4To72. Fi2, FHNEBOBNREZ HIET
L7202, BEZ 130g DBHE T —7 (=7 TOHIE : 58 images s', 4ecm U =7 K~
u—=7, JAME 13 MHz, AT a0l AT ¢ AR, BARTOMRIE : 117 images s, 6 cm
V=787 a—7, EEEk 13 MHz, A7 820 AT 4 BiEil) % MG OfFIEICHEE L,
A AL E (7 =7 COWPE : Prosound C3cv, HINLT B H AT ¢ A4EEL BARTORE :
al0, HLT Bl AT 4 HAAEE) 2T MG O REMEZ kg L7z, FRHC, AEES)
DO MG, SOL, TA ®FK[E EMG (EX 10 g DT 7 7 4 7 EM, NM-512, HAGEH) %
PRGFHE R L0 B L (BME T Ag/AgCl, B /3T L L S—8EME, A2 mm x 9 mm,
EMMEEEE : 10mm), ~VFT L A—% A7 A (WEB-5000, U v 7 /LEREFE>80dB, FF
EH 0.03 ), HANEHR) & A/D a2 —% (27U > ZJE L 1 kHz, Power 1401-3,
Cambridge Electronic Design, UK) Z /LT, /X—YFLa B a—Z(ZBVAALE. FE

& BRI OB IR A % & 7201, WERRE IR DR EEMHER L2, AFE
5B =2 R JERTALBEA| CEMEEE MM 2R 2T o 72%, TV a—/WEi#EEIT-o72. Zh
ORI E L=, SOL & TA OEMiL SENIAM O A KT A N2> TENENDR
JEER5 ~BEV S1F 7= (Hermens et al. 2000). F72, MG OEMIL, MG OFFIEIZHEE L7-#
Hi 7 e —7 3 UZRE D fHT T

AETE P OF NS, BIESITHO BT A M & EMG T — % OFIMIE, 2R ORHERK
HOYICHER L7 v h W (SEN-08713, FlexiForce, USA) DI 5T — % % M5 4,
EMG 7 —% LRI T 7 (7 AWEFEM) (AL, RE2iT-o7.
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SHrEAE
FEEEH T OHEOBRLON & BHEES

EYEE OB, PRRIEE) & AR DIR 2 BV DR A B & ST A7, BEHIET 200 ms
D OHEE TOEBEL SITIXM & Uiz, piEEBI AT v 7%, BE L4 A7 v 7 %M
ML, TV ZADOELNTETERS SOEBEEEZ ERHRRE L, 4 RONF—T —28n
—/RAT 4% (8Hz) THI{L L7, RIKEICHIT 52 - BREfiAELR N L. £,
EENERE 1 & [RERD GIET, RPEHEIA L & REISI M 7> 5 Hawkins & Hull (1990) D€7 /v
ERERNGEHO FRREND, Lvru ZHEE Lz, EEBHF O Lutu & Lra, T ORLKADNDS,
T L ARE L IR A S e Ler OFH R 2, EEEE 1 LRI, B —EoET LA (Kubo et al.
2000) ZMWTHM L7 (Figure 3B).

EIET OB O Lvro DR S G R & €2 LTz, BRI & Lty O KR
Wt £ CTAA9RJR i (Stretching) , Lvru O fe KAk O Wit ] 2> © B G £ C 2 8006 = i

(Shortening) & L7z. 7z, H2HIAT 100ms 7> & HEHIBEN & T A2 FRIAHTEENRE (PRE100ms)

(Komi and Bosco 1987) , #2H1Fi7 200ms 7> & HEHIAT 100ms % SR H 200ms J&) i (PRE200ms)
L7

EEFRE 1 OHTIHE & [FEEIC, KENYAN & JAPANESE #E o & & o B o ko £
S & T 272012, Lvru & Lrr OEREICKTT 2 2N Zh O R DOE G % Lvru &
Lrr O3F 88 E LCHEH L. £72, KENYAN & JAPANESE BEDEEB OPEHAF D Lt
D « 40 B % Lvru OfHE - B R 2 B8 L Tk d 5729, Lvru OZ(LEICK T2 L

23



DO EDOEIE L LT, ZLF4 Lrr iR (Lrr HE&E/Lvru [HIEE*100) & Lrr EHME= (Lrr

SAE B/ Lo FfE B*100) & L CHEHE L.

EEB T OHEE (EMG)

BB T DEA D EMG (X 4 RONE —T — 2B RXZ T ¢ L4 (20—450 Hz)
T A NZUBE LT, RRER L. £0%, EEHTOZELIZAT v 7 8—10 AT v
TR L, 7y FAA v F OB 2 FE L2k, EEE OS5 EMG R T —#
ZMECMEEE L, WEMREEICHIEERELE R Lz, HiEEEET — 2056,
PRE200ms, PRE100ms, #ZHuB#ME]2 5 B4 25ms & (Barly25ms), {58 « FfE /= e
L0 aBEMG % L7-. KENYAN & JAPANESE £l EMG % g3~ % 72912, PRE200ms
(Z%}9% PRE100ms, PRE100ms (ZxI9~ 2 oRfRm &, R/ IZx4 % MEiE R D aEMG
DOEIE (aEMG Ratio) #ZNENHEM L. £/, BET—% (Ltr, MAar) PEEICS

DEBEFND I, BB OREHBEN 2 S CoRBMBSRORITEHRE B
& ; integrated EMG ; iEMG) % ZHZNOAEERE CHRH L7z, BEM O EEE ORI E %
g 50, EER OB S B £ TORME 2RO Y55 (aEMG during

contact phase) ZZiLEHOEE TR L.
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3.3 FERTALEE :

EERRAE 1

TRCOWPEEE OEIE, FHHERERZ TR L7z, KENYAN & CTRL BRI 5 &8
FA=ZOWEIZIE, HeDHD T REZMWZ (ZHEEOFFEROES, Ry 7
? Lmru, Lrr & Lra OYRIEEOMEHE « AHHE L, S50 aEMG Ratio). L2 L722n s, 7
—Z DIEHMEDHEIZHWZv Yy B r — 0 4 V7 REICB W CTIERMEDNHER TE o7
HHA (%D aEMG Ratio) (ZOWTIE, FERIOIERIZ /8T A R v ZHED~ LV « K

Ay h=—O UREE M. £72, Luru, Lrr, Lra ®J&H (Stretching, Shortening) & #f

=}

] (KENYAN, CTRL) DO FE#WRELELZHEFEREZTH D720, #HVIRLO&H D ZIohlE D5y
BT AT o Te. ZAEAFRBRO ONTHEMDIRD LT IGEIZD A Tukey VEIZ L H L HE
WEREZEZ AW Ry B T ORI =< AL T XL AEOR S & OMBBROREIC
X, 7Y OREMBEGREE AW, el TRTOHEBIZBW TREIRE 5% % B KT

LT

EEIRRE 2

KENYAN & JAPANESE BEMICEIT 244 /3T A —Z DOHERIZIE, *HED&H D T e 2 v
7z (ZFRFOBBROR S, EEBPO Luru, Lrr & Lra ORISR OMEIHE - FHXHE, 250
® aEMG Ratio). L22L7e 6, 7 —Z OIERMEOBEIZHN v v B r — 0 4 L7 FEID

25



BWTERMENHERTE o HE (&5 ® aEMG Ratio) (2 2oW T, BEMO#ERIC /

VNG A RNY I RREDY Y R Ay h=—0 U BREEZHAWE. £, &FHICHEITAH

ETEH OB A E A &, EEE T OKE X2 (Lmru, Ltt, Lra) OREH (KENYAN, JAPANESE)

=}

B ROERE (SLOW, MEDIUM) OFEMR L LZAFEMEZFTRL7208, #OVIELOH D
TCBLE DT 24TV, ZZAAFR DO 6T H BN D b6 121E Tukey 1T X
HEBEUBIREET o7z, S HIT, BFFFOEET —% (L, MAar) & ETMEOMME - 7
IEEORFE & DORAfR, ERET) (IAAF) & EEEO - G E O & OBk, EH/ET) (IAAF)
ERFRREORET — & (Lrr, MAar, Lr) OBROMBBKROMEIZIX, BT Y ORE

BB O EMHBEEZ AW, 2B, T XTOHEBICBWTERR 5% 2 FEKESL L.
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it SR

4.1 FRFHI & - IROTERBIIE DfE R
FHEOa—a vy XOFANEkEE (CTRL) L7RE, FERE, Luu & LealZIZEWRED 5
niginofz (Table3). LML s, KERE, THROT F L AL PLIRAICIE, KENYAN
& CTRL BECHEZZIEVNRD b7z (Table 2, 3).

RIZ, KENYAN & RS & &EHREEDO B AN LRBHET (JAPANESE) &tk U729
&, THRE (p<0.05), Luru (p<0.01), Lrr (p<0.01) &, MAar (p<0.05) T, KENYAN
DA BIZEWMEZ 7R L7- (Table 4) . 72, KENYAN [ JAPANESE & Y % Lea 234 < (p<0.01),

PRANDHEIZKE L (p<0.01), JAAF A7 TEVMEZ /R LZ (p<0.05).

Table 3. Anthropometric and muscle-tendon data for KENYAN and CTRL

KENYAN (n=10) CTRL (n=10)
Shank length (mm) 396.0 £29.9 432.6 +17.5
Achilles tendon length (mm) 264.2 £24.5 196.6 +12.8 ok
MG MTU length (mm) 4373 +274 468.0 +18.7
MG tendinous tissue length (mm) 389.6 +30.7 4199 £11.0 *
Tendinous tissue length/Shank length (%) 984 1.5 97.1 £1.6 *
MG fascicle length (mm) 542 +£4.0 56.8 +£9.4
Pennation angle (degree) 20.0 +2.1 21.8 +£0.9 *

Significant differences between KENYAN and CTRL (*p < 0.05 and **p< 0.01, respectively)

Table 4. Anthropometric and muscle-tendon data for KENYAN and JAPANESE
KENYAN (n=11)  JAPANESE (n=11)

Shank length (mm) 395.3 +£29.1 367.1 £18.2 *

Achilles tendon length (mm) 268.8 £22.2 220.8 £25.8 oK
MG MTU length (mm) 434.2 +34.6 407.7 +£25.6 *

MG tendinous tissue length (mm) 393.6 +£33.2 353.0 £24.7 ok
MG fascicle length (mm) 48.5 +£7.2 56.9 £9.3 woH
Pennation angle (degree) 20.6 £2.2 16.2 +£2.2 ok
Achilles tendon moment arm (mm) 447 £4.6 37.0 £4.0 ok

Significant differences between KENYAN and JAPANESE (*p < 0.05 and **p< 0.01, respectively)
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IR L 72D TIAAF A7 &

Lrr at standing, Lry MAarkt) & OBfR%

o
7 &

27— 4 (MAar, Lra at standing,

Lar at standing,

AT FE S, MAar, Lar, Ltr, Lry MAar BEICIE

B E AR IEOMBIRGRATRD Bz (Figure 4). LML D, Li EBHNIZITH

B HBBRITRD bz o 7z (Figure4 b, BEAWH).

MA ;1 L, at standing (mm) L, at standing (mm)
B KENYAN
60 (mm)
. 60 60 A
"o " . Faa 8
40 /1/_., " [ TR,
. 40 g 40 “at
201 p<0.01 204 p=0.18 20 p<0.05
r=0.73 r=-0.30 r=-0.49
n=22 n=22 n=22
0 . . 0 . : : 0 : . .
0 400 800 1200 0 400 800 1200 0 20 40 60
IAAF score TAAF score MA ;r (mm)
L rat standing (mm) Lrrat standing (mm) Les/MA ;7
4 - m u
300 2" 400/ 2
(s e vy
_— il ~~
200 & S
\.‘,\r
200 1 w, T
1001 p<0.01 p<0.01 p<0.01
r=10.65 r=0.64 r=-0.62
0 n=22 . . . 0 n=22 . . . 0 n=22 . . .
0 400 800 1200 0 400 800 1200 0 400 800 1200
TAAF score TAAF score TAAF score

Figure 4. Relationships for IAAF score and musculoskeletal parameters and between MAar
and Lra. for KENYAN and JAPANESE.

4.2 =EHHEIFRE 1

ARy BT HOMETEE) L7 - EERR

R SIOR Y B 7 TliE, KENYAN & CTRL TR & 22 mIc A B 7R =D R

D BT (p<0.05 and p < 0.01, respectively; Table 5) . 22 RER] & (A8 &
780U — (Pmax) 1% CTRL X Y KENYAN CTHE!

O, HEESNEFmOMER IO =LY v T AT 4 TR AL, A,

-
—
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EREX



WD LI T,
KENYAN ORI THLIEWVWT I VAL VY IR T p—~ AL OBRERTTT 57
DIZ, Lar & Lt TIVFIVE Prax & DEMRZFRATZRER, AEZREOMHBEBEZRSENEN

B BTz (LAT :Pmax, 1=0.47, p=0.04, n=20) (Lt :Pmax, r=0.45, p=0.04, n=20).

W\

Table 5. Measured parameters of hopping performance for KENYAN and CTRL

KENYAN (n=10) CTRL (n=10)

Contact time (sec) 0.187 + 0.029 0.215 £ 0.015
Stretching time (sec) 0.078 £ 0.020 0.101 £0.011
Shortening time (sec) 0.109 + 0.021 0.114 + 0.006
Flight time (sec) 0.451 +0.044 0.352 +0.047
Rebound height (m) 0.251 +0.048 0.154 +0.040
Jumping power (W) 2341.7 £ 406.0 1911.3 +303.9
Peak vertical ground reaction force (N) 3016.8 £411.2 2930.1 +263.9
Vertical stiffness (kNm') 21752 22.2+3.0

* and ** show significant differences between KENYAN and CTRL as p<0.05 and p<0.01,

respectively.

Figure 5 (2 KENYAN & CTRL BN ENAHE X GE D& » & 7 Hi b o il Bh is
&GO MR 2R Lz, 1RO FEATHIIE (Hoffrén et al. 2012) & [AIERIZ, AHFIED
KENYAN & CTRL #£® Lwru & Lrr i 38HZ O BEMEICf - TR L, &R O E B
DOPFAE & R BN 2 Bith L7z (Figure 5). L2>L722A35, Luru & Lrr OfH5E « i1
HECTENETNARERENERL, Luru & Lrr DR - FfER L $1C CTRL £ Y H KENYAN

THEIEWEZ R L7z (Figure 6).
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Figure 5. Representative time course data of KENYAN (grey lines) and CTRL (black line) for
the length of muscle-tendon unit, tendinous tissues and fascicles and EMGs during hopping.
The first vertical line refers to the initial ground contact. The second and the third vertical lines
represent the toe-off for KENYAN and CTRL. Black and grey lines show KENYAN and CTRL,
respectively. Abbreviations are as follows: Lmtu (length of the muscle-tendon unit), Lra (length of
the muscle fascicles), Lt (length of the MG Achilles tendinous tissues) for medial gastrocnemius
(MQG). The electromyographic (EMG) parameters are as follows: EMG MG (MG muscle), EMG
SOL (Soleus muscle), EMG TA (Tibialis anterior muscle). Length of each parameter is expressed in

the relative scale to its length at standing.

—7J7, Lra Ti%, CTRL IXBEHIELRTIZ 2WICHNE L CRat L, BEHIEL R —BRhiR L7214
(AR L TV OISk L, KENYAN (JEHIFINOHE VRS EL R T, % b ET
ZL A ERSEEILSETITWZ (Figure 7). T ORER, Lra iR - Fffi&lL, CTRL &
LE#E L C KENYAN THEIZ/NSWMEZ R L7z (Figure 6). F 7z, #2HIH O Lvru D2 L&

%95 Lt & Lra ZIVE VO HI 72 2 V&, LrrfHiESR « Lrr MR & Lra (H9ESR « Lra 550
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LI, Mol & FRRRIC, 2 TOIEHEICEHEWT KENYAN Tf &IV MEZ 7~ L= (Figure 8).

ALyry (mm)  Stretching AL,y (mm) Shortening
40
* ] 40 * % |
W [
20-
C 20- C
K K
0 ‘ ' 0 : :
KENYAN CTRL KENYAN CTRL
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0 = v 0 .
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Figure 6. Absolute length changes of the medial gastrocnemius muscle-tendon unit (Lmrv),
fascicle (Lra), and Achilles tendinous tissues (Ltt) during the contact phase in hopping.

The stretching and shortening amplitudes of both Lmrtu and Lt were calculated during contact
phase. The corresponding Lra amplitudes were calculated from the shortest Lra during the
stretching phase of MTU to peak Lra during contact and from that to toe-off, respectively.

* and ** show significant differences between KENYAN and CTRL as p<0.05 and p<0.01,

respectively.
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Figure 7. Averaged and individual curves of the MG fascicle behavior during the preactivation
and the contact phases in hopping.
The thick lines show the group averaged curves. In the early contact phase, the CTRL subjects
showed a rapid fascicle stretch with different timing, but not KENYAN. These rapid fascicle
stretches disappeared in the averaged time course curves.
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Figure 8. Relative length changes of the Achilles tendinous tissues and fascicle as
compared to the muscle-tendon unit (MTU) during the stretching and shortening phases
of the contact in hopping.

* and ** show significant differences between KENYAN and CTRL as p<0.05 and p<0.01,

respectively.



Shortening/Stretching ratio
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Figure 9. Shortening to stretching ratio for muscle-tendon unit and MG tendinous tissue
lengths (Lmtu and LT, respectively) during the contact phase of hopping.
* shows significant difference between KENYAN and CTRL as p<0.05.

6, Ay BT HO Lutu & Lt TNVENVD S RIEE 2 AT/ R, Lty D73 %

R CIIMBECA BBV DN oDkt L, Lt O3S 3$580%X CTRL L Y

t, KENYAN THEIZEVMEZ R L7 (p<0.05, Figure9).

Ay B THOIEEIClX, CTRL Ti, B#iai 5 MG OFHIEEIN 23 _EF7 25 #hl

f72 SSCHIEFOMIEEN 2 RTDIZx LT, KENYAN TR S BEEHIC 25T T MG @

GBI DO ZAIZ/NS v o 72 (Figure 5). E&{b L KENYAN & CTRL B CHiiE@E ¥ — 2 %

e d 572, JRififil D aEMG Ratio Z 5 U72RER, FRIMHIEE R 2 & MR m o MG

@ aEMG Ratio CHEMICH E/2EWDFRD HAL7e (p<0.05, Figure 10). #i < (HIRRH 2> &

/R @ SOL & TA @ aEMG Ratio THEFICAEZ2EWVAFE O b7z (p <0.01, Figure 10) .
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ZNLSDOJRERTIE, AEREVRD bhehoT.

MG aEMG SOL aEMG TA aEMG
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4
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1.0 1.0+ 3
2
0.51 [ T 0.5 - ] **
alll NG B
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KENYAN CTRL KENYAN CTRL KENYAN CTRL

Figure 10. Average EMG (aEMG) ratio of the first 25ms of the stretching phase to the
preactivation (Early25ms/PRE100ms), of the global stretching to preactivation phase

(Stretching/PRE100ms) and of the shortening to stretching phase (shortening/stretching)

during hopping.

* and ** show significant differences between KENYAN and CTRL as p<0.05 and p<0.01,

respectively.
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43 EERRE 2 EEBOEMF OMRKIEE L F - BEIRE

KENYAN & JAPANESE 0 288235 1) % B AT 200ms 7> & i 5 T oo J2 - RBAH A4 12,
MG @ Lmru, Lrr, Lra, TA, SOL XU MG @ 3D EMG DA IE x5 O 5 g %
Figure 11 (27~ L7-. #EHIBRA O & - BEBIHNC XM CE VB O b o=, L LR 6,
MEDIUM (Z 3 1F % ke o /& « IR B A4 B o0 Ji th &1 X KENYAN THEICZENZE/hE <,
[FRR I FLME R 81T 5 2 - IRBARIA E ot & MEDIUM @ KENYAN CTf ZIZZE
TWINE o7z (Figure 12). F£7o, M MEEAHIAEOREL T 5 Luru TIX,  Lvru DR
B (ZHFAALRF O R ST 2% Lvru OIEROES) THRRICAERIEWVED 5T,
W2 MEDIUM D% R C Lvru Q&R (ZFFFOR S22 Lvuru DR EOEIE)
I%, JAPANESE L Y $ KENYAN CTHEIZ/NSVMEZ R L7 (p<0.01, Figure 13). Ltr Tl
i8R - BfE B & & KENYAN 723 83 % T JAPANESE X Y A3 & KV M %2 7~ L 7= (Figure 13) .
PRI D Lra 1%, #EXHE TS ZHLALF O R ST 2 HHEIZIB VT H JAPANESE LY
KENYAN THEIZEWE I TIEE L TW5 2 &R S 7z (Figureld). Lra OHZHIR 1 O
FfE R (ZFIAIRFD Lea \ 249 5EA) 13, MEDIUM T KENYAN 7% JAPANESE X Y A&
(2N SUMEZ R L7e (Figure 13). Lvru 2D EITH 5 L O HBRAZ T ~T2RER, Lo
fHIE%1T JAPANESE LY KENYAN T/hESUWMEZZRL (p < 0.05), I Lrr FAERIX

JAPANESE X » KENYAN A EIZ@EWME %27 L7~ (p < 005, Figure 15) .
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Figure 11. Averaged time course data for kinematics, muscle-tendon length and
electromyogram data during pre-contact and contact phases of running.

Time course curves (+/- SD) of the joint angles, length and electromyogram (EMG) data during
running. Lmru, Ltr and Lra are the MG muscle-tendon unit (MTU), fascicle and tendinous tissue
length. The Angleankie and Angleknee are the ankle and knee joint angles, respectively. The EMG data
were normalized by the averaged EMG (aEMG) for the entire step cycle. The first vertical line (0
sec) refers to the initial ground contact. The second vertical line represents the peak MG MTU length

during contact. The third vertical line corresponds to toe-off.
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Figure 12. Changes of ankle and knee joint angles during stretching and shortening phases of
running for the Kenyan and Japanese runners.

* and **: significant differences between KENYAN and JAPANSE as p<0.05 and p<0.01,
respectively.
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Figure 13. Relative stretching and shortening amplitudes of Lymtu and Lrr during stretching

and shortening phases, and relative shortening amplitudes of Lr. during contact in running.
The values are expressed in the relative scales to their length at the standing position.

* and ** show significant differences between KENYAN and JAPANSE as p<0.05 and p<0.01,
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respectively.

SLOW MEDIUM B KENYAN
MG LM'I'I:
(%standing) l l
100+ ] 100 l
l | | |
90— : - - 90
110, 110
MG Lt
(%ostanding) ‘ l l
100/} | 100{] : |
100, 100,
MG Ly,
(%standing) 1 ** *x o s * ¥
801 l | l *1* 80 l l l** 1**

Prz;l(i(}ms Co-ntact P:aak Toe‘-oﬂ‘ | Prél(;(]ms Co;'ltact P:eak Toe‘-oﬁ‘ |
Figure 14. MG lengths of the muscle-tendon unit (Lmrtu), tendinous tissues (Ltt) and fascicle
(Lra) at the 100ms prior to contact (PRE100ms) as well as at contact (Contact), peak MTU
length (Peak) and toe-off for the two running speed conditions.
The values are expressed in the relative scales to their length at the standing position.
** shows significant differences between KENYAN and JAPANSE as p<0.01.
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Figure 15. Relative contribution of the MG tendinous tissue stretching (A) and shortening (B)
to those of the muscle-tendon unit at each running speed.

* and ** show significant differences between KENYAN and JAPANSE as p < 0.05 and p < 0.01,
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respectively.

A TEE) R O FHTER) TR O MG OFEENIE VL 547 (Figure 11C) . JAPANESE
I3 HEH 100ms 7> & MG OFHFIHTEE) 2 A8 N &8 25 D125 L (MG PRE100ms/PRE200ms
EMG ratio, Figure 16), KENYAN /%, PRE200ms 7>% PRE100ms T JAPANESE % &K & 7
HINAS R 519, KENYAN & JAPANESE @ MG @ PRE100ms/PRE200ms @ aEMG ratio T

JIA

EREVAFRD BTz (p < 0.05, Figure 16). #t< PRE100ms 2> B HIERHNIZIHBUV T [FER

\Z EMG DOHiNAY JAPANESE TH. L 7=D (2% L KENYAN TR 549, JAPANESE &
KENYAN T MG O{#3E/RE/PRE100ms @ aEMG ratio TH E/2E VO Lz, TA T
MG & [REROBM TR HAVZA, A2 TR R/ HMiERE O MEDIUM @ aBMG T
KENYAN 23 EIZEWMEZ 7~ L7z (p < 0.05, Figure 16). SOL ¢ EMG ClI 4/ %@ L T

BREREBODRD NIRRT
PRE100ms/PRE200ms  Stretching/PRE100ms  Shortening/Stretching
TAGD) [ KENYAN
4

2

0
SOL (A.U)
8
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(“b—-
S B o

MG (A.
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SLOW  MEDIUM SLOW  MEDIUM SLOW  MEDIUM

Figure 16. EMG ratios between phases for Kenyan and Japanese runners.

The EMG ratios were calculated between PRE100ms and PRE200ms (PRE100ms/PRE200ms),
Stretching and PREI100ms (Stretching/PRE100ms) and between shortening and stretching
(Shortening/Stretching) phases. * and ** show significant differences between KENYAN and
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JAPANSE as p <0.05 and p <0.01, respectively.

KENYAN OFHE ToH 5 K Lt & MAar 3 EEB D ENRIZED L 9 REEE 52 5D
MRS D72, MO L OREMEE, #EHIPO L OfRE Lr DA LA V), EHE

(SLOW 7>& MEDIUM (2727 T) OINZFE S MG D EMG OHINRO ZNZ T 5
Lrr & MAar DRI OW T (Figure 17). T OFER, Lrr, MAar OFERER 72 55 &
Lra OEMiE, Lt DA R LA v, EEEOHEMIMES MG @ EMG ORI, ThEh
AERAOHBBERARD b, ETz, B DEEL 2% IAAF 237 &, Lra O
B, LrrDR LA L, EREOHINIM D EMG OHINE & OBRIZEN T, AEZR

ADOHBEBRIRO b7 (Figure 18).
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Figure 17. Relationships between Ltr at standing and functional parameters measured during
running and between MAar and those functional parameters.

MG fascicle shortening amplitudes (Lra), relative stretch amplitudes of tendinous tissue during
contact for the MEDIUM condition, and the increasing ratio of the MG EMG (AiIEMGwmga) during
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contact from SLOW to MEDIUM condition are correlated with Ltr at standing and MAar,

respectively.
Lg, shortening Ly strain 1IEMGy; MEDIUM/SLOW
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Figure 18. Relationships between IAAF score and each functional parameters for all subjects.

The following parameters were correlated with running performance (IAAF score): Amplitudes of

the MG muscle fascicle shortening during contact, the relative stretch amplitudes to its length at
standing of MG tendinous tissue during contact and the increasing ratio of the MG EMG (AIEMGwma)
during contact from SLOW to MEDIUM conditions.
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(5) &%

ABFFEO BRIE, - REEBERE LB R TRV T = U RERFEL TWD =T A
e RERRERE BBEEORT, R, HAGEEINIRBRE AT Py LUV ORFICERL,
woo (1) TEROEH - HEEOFRE, (2) BIWERMAZHIR L7203 A 72 SSCEE TH 5 7k
v B OGRS & REENRE, (3) EEETOMIEE & HEEELHLNIL, 50
WIBEB T == U A& FREIC LT 2 RO - IEOTERERIFHR &, R v B 7o)

HHZ IR W TR A7 TEEh & AN B NMAE T 2 D e 5 2 L Th o 7.

51 =V — Mr=7 AW - RIERERE EBERFOTROEH - HROERE

7% L AJEAE < (Scholz et al. 2008, Hunter et al. 2011), b3 (2T T AT b)
7 % L AW (Lichtwark and Barclay 2010) A4 513 &, EEEH, 7% L AfEOFHMET X
X —RTRR & BRI 2R T ) TN TE,SSCOa T MIfE-TT = 7%)
FrREmbDH I ENTED EINTE. ABFSEO KENYAN T, ZHRFD 7 F L AR,
CTRL & JAPANESE LY b HEIZE < (Table 3, 4), Hif/) (IAAF 227) L HIEOHEBM
BALRD3FE8D LTz (Figure 4). LINL72R D, Ry BV ITHO Y v T AT ¢ 7 3 A (vertical
stiffness) TIZ CTRL & KENYAN TITEWAFEH H4LT (Table 5), &> v 7 LEERO
e, KENYAN @ Lrr OffigR & (33 & T 6 Lvru (ISR 2HMETH/ NS o7, OF
D, KENYAN O 7 % L ABEITE VA, BEWVATREMEDN B 5.

T X LAEOR X & MAar L, EOBMET XL X —DRFE & A HICBW CEE R &E %
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RloF Lt & T2 (Biewener 2005, Carrier et al. 1994, Hunter et al. 2011). 3725, —
7 v —%xt5 & L2 TP (Scholz et al. 2008) Ti, MAar NEWEZE T =v 7 =
2 =<, B MAr [TEER IR O R BRI F L2 2 BRI T & L AR /)
(CEMTE, BT X LF—OIPRELHINT 2 2 LN TED EMHEL TWND. L LR
5, AWBFFE0D KENYAN TiX, MAarld JAPANESE LV 4 208%IF &K<, B (JAAF A
a7) &L EOHBEBZRARES b, £, EBERE 2 OEFEBICHEWT, MAa BNEW

(E EEREOEINIKT 5 MG DT OFIEEIOHIN&IT DR o7-. SF Y, EEH)
(BN T EEZ BRI ~ v 2 TR =B TR T 556, KENYAN O KU MAar (3,
THR=BEM CHRET 2B NV R, MRS LTHEMEFDO MG OFTEEEN D72 <72
STZAREMERE Z BILD. [FAIERD MAar OFERERVHRFEIE, Lee & Piazza (2009) DOHFFERSF
EHL—HLTRY, EMESEE NV OB LRI D TR =5 O IEENT MAar A3
MNEIEREL BT D EHMEL TV D.

#7210 T2 < Lra IZBWTH, KENYAN & JAPANESE TEWA R G (Table 4).
KENYAN O X IZFHRNENEFHONFEMIBT LR XA L2 TTFL2LNTE,
Biewener & Roberts (2000) 1%, ek L7EDMRHE T T <, o= F— R0
EEZRICHETLIEER T THDLEERM LTS, L LARRS, Bt/ IAAF 22 7)
& LRI D Lea (ZIIAHBABIR RO Hi7e v~ 7- (Figure4). O F Y, KENYAN @ L. D%
S L DO RN F— R~ OF IR TE 2oz, — T, MAar 21 Len EAD
FABABARRIC&H VD (Lieber 2010), MAar IZxt3 % Lra OFIG L, BIHIOEIEEDOERIZA U 5 P L
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I AT ROMIE - EEEICEEZ RITT. kEEEREERTE S L2 79 (Lee and
Piazza 2009) T, [ FAERRESE T 135 3 WG EE TR & 22 /13 A 1T 9 728 Le/MAar
X @ W R ERIZR DI LT, AAFFED KENYAN TIE, Le/MAar LV S <, BT

(JAAF 2=27) & HBAOHBEERICH>7-. DF Y, KENYAN O FERIE, B\ BIHE nr ik

TRERSBIHAAT O DI LToEKRIEELZ LTV,

52 = U — ~r=7 AW - RIBRERE BB EORTFOREIR

AWFFETIE, EBIE O EYS BEEZHIR L2 v B 7 & EEROEES b o515 S & ik
DEFEIZDOWTIH ST L. WIEBRE-EIZ ISV T, KENYAN [ 0D Luru & Lrr O
B - FAE RS/ NI Do To. FATIFSEICB W TR v BV 70T, EEBO Lrr DA LA v
12 5.8%0°5 83% L HE SN TV 5H2% (Lichtwark and Wilson 2005, 2006, Ishikawa et al. 2007,
Hoffrén et al. 2012), ARFFFEDOK v L 7 HO Lir O —27 A kLA [X KENYAN & CTRL
TENEI 5.0%& 8.1% T, AEEHETIX, KENYAN & JAPANESE TEAILZEAL 5.0£2.2% &
6.142.6% & KENYAN THEITIE S, FATHIE & ik L THRVMEA 7R L72. KENYAN O K
W Lrr b A & o CEBFRE T O Ler (EE O I, - REEEER HREE BT DO MIE -
B ORI LI L DT ¥ L ADWETFTRAT 4 73X ADIKT (Mademli et al. 2006, Wren et
al. 2003) ZMA L5 Z LNTE, FICREMELZED ETAFICEH & EZ26N1D. ZOR
X, JEATHRSE (B D 2010) THE SN TWAHEEM, EREFERICBON Ty =7 NEFIT
HARNE A, =2 2R %& 8 L THFMN L —FHOFNEME TR S B D
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BT DHZENTEHEAOHMEBMIFATELDO0E LIV,

53 = U— hr=7 A - RIEKERE BB EORTF O R RN R TEE

FEATHRZEClE, SSC Dt MIHE- T, EBEH O preactivation & {H 3R/ H AT 235 1)
DEE RO R E SOMIEB /N — 0, BEMIAT 4 73X A7 % L AR & &, 7R
B ITNT v AR LSS EHE LTS (Komi and Nicol 2011, McBride et al.
2008). EBFRE 1 OF v B 7 OHMIR, CTRL TiX, JEiTHFE & [FER DTGB O iR 23
femd SAT23, KENYAN TI, 7 F L AP R BRI A T 4 7 32 A& @ % & 9 72 preactivation
X° PRE100ms 2> HHER AT (=%22 M v 7 REOFPE) (ST TOFMIEENEA b
727> 7= (Figure 10). X 5{Z, KENYAN (374 v B2 7D Lrr O3 F580 (HIEEICRTT 5
FfaEOEIG) 25 CTRL LV @hole. DFYD, kD SSC da w7 M ERARY, FH)
i D IR WNERTFHTE ) & RS O FTEENC H B 59, KENYAN (350 KA D sk 2
FIH LTz, EESHTHEERIZ, KENYAN O MG O iE8)iE PRE100ms & {H 3 & €70
&<, Lrr B (Lvuru OEHEEIZXIT 5 Lir OEMEEOEIS) BEnr->72. KENYAN C
BT % U AEOBIEOZHFA 2RI AL, EEHOHITEIC L > THRESh b O T
<, TR UVAREAKROME I CEDD IV, S HITIIDRWEO E AT U R ENRE

BLTWDLEEZBLND.
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54 =J— ~r=7 A\ - RIBKERE LB EORTFOFEIR

MREBHEIC BT, KENYAN O MG DO RITZFFIALRF O R S D T0%FEE DK S TiE
B L CUW /2. SEfTHFE (Albracht and Arampatzis 2013, Hofferen et al. 2011, 2012) (235175 —
RN DR > B 70 EE) T, MG OSRIAFTEE) & B L T MG O R SIIZ R 2
ZEMVRERR STV D, L LA 6, AAFFED KENYAN TlE, FHRIFHEE)RE D MG O
AEEN 2 D 70 < BEHURT > BEEHIFFIZ 20T T Lea 23— & T o 72. KENYAN O/N S WD K
S, ZHUCBERT D AIHEE R O/ & S, B O NIRRT HAEFNCE X (Fenn
1924, Fukunaga et al. 2001), EEBNZFIT D KENYAN DA 720y MG O fFTEEh & BIfR LT
DOt LiL7Z. KENYAN & [ABkIZ, JAPANASE @ Lra & PRE100ms 706 —EDE X &
AL TWEA, KENYAN & 5720, PRE100ms 2> 5 MG & TA O ILIUHETES) Z 11> Tz
(Figure 16). 7~ T, EEBTOMHKROE SED/NSWEIL, RIEEET o F— DR R
IRIHROIRD B NOFRERELH Y, 7= 7 HRICEMET 2 DDA HRET L Conieith

ECAN YRR

5.5 TEROEH - HEORE L EEB T OMHITED) & HEEHRE D BILR

B OREENRE Tk <7- X 9 12, KENYAN & JAPANESE BfD B2 <, ZEfHREOD Lt
PRVETIE SHEMIT O Lra ORI & Lrr OMIREN/NS <, EHE ORI S FHTEE)
DOEINE S /NS o7 (Figure 17). MAATIZBW TS, LERRD /37 2 —& L REEORERIVR
Sz, EERE 1 OR B 7 THRLIZRE L RIS, EEE) T D KENYAN OF &
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LT, B o/NSWFHROE SZ (Figure 13) & BEHFT2 S HER £ TDO MG & TA
DY IR HTEB SRR S 417 (Figure 16). e FRROEH - MillEOERE & Z v b OF5 RN
5, Lr/MAar LO/NSW U — F =7 A - KRR BHOR T o TR, PRV BT
B CRE RN EATO OINE LI2BEREEZ L TR, Ry o r7oEdEs o,
i - BED R S B E /NS IRD B, FERTHTEENCMIRP Z £ 5 k)5 i O &8 & = )
IRNTAR y B I ROEER 21T o TV D ATREMED @\ GER O FRIFHTE B RSU 2 01 5
itk D iR — JEAE B 2 H9°3° SSC = &7~ (Komi 2000, Ishikawa and Komi 2008) & (% %72
¥, KENYAN &, JERBRREZIEDN L THIROEWAR v B 7B E8 217> T 2 Al HE

PN 5.

5.6 AHFFED ST iERR EORS

AWFZERE T, EEERE 1 & 2 OXREEZ R —HERNRE L LTHET D2 2 LR TER
modo. BEFEE 1 OFR v B 7 TIE—RERADO AN EMEZ, EEERE 2 OEES) T AR
ANDOF - BB EBHGRTA2RIGREE L2720, HiREMEICET 25808 +ociid b
ol Stk —Br=T7 A\MoT 7 U BFEEOT AV — K, a—ay DT U —%
%G & LT B MAE 2 F5E U, REREEAICE L2 REDS, 7 =7 AN X 2 T RERI R 72
D, AV D AREDOHRIZR LN DR D, e b FL—= I K DSR2 DD
ML TS RENHD.

AW IIT D Lra OWPEL, BEWEE L HOVTEEFVAL T T2, LLRRL, &
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BIEH OV KENYAN T, LA CIET CICHRB R STV 5 AlREE SR E TE 72
V. SRR, EEB OB O L lE, BEHBTOHIEB B SN2 W RIEIZE O T HLHNL
(LREDK) T0%FRE Th o7z, 2D, A TIE, EBH O /L2 X7 D)) — &k IBERIC
BT OIEBIHDOEVIZOWTHLNITE R o1, %L, =T AN T T 40— EHD
T X 2 BN CE 2R Z AW THOENZH— L THE L TITS LE R H 5.
ARG, =7 CRIE & Fli Uiz 7=, M 178 EEBFOF T 1 7 ZAOWEDIT
R ol ZDTD, Lt DR SZEALTD R K DO TR ORET O Z O 2 72 -
7o, A%, FA—XBEERBIXTXT 4 7 ZAOWEZ Tl L, HET R X —OFRE 2

EHOLNZLTWS BERH 5.

(6) £L&®
AWFFEIZ L - C, H - RIEEERE EBHER TEHWRT7 4 —v U AERELTWDL =7
AN - RIRRERE FEORF ORI N T, FTRoRBH LN o7,

1) KENYAN O 7 & L Afjit &7 % L AR ITE <, T bid, &y B r 7@,
TR S 2 ISRERR O R BRZE 2 88 L Tz,

2) KENYAN O 7 & L AffEE— A > b 7 —A(MAan)ITE <, THUNEEFCIB W CTHLERE
BAEHEIE bV 2 %, D7 WTRR=BER O ) &, D7D MG O TGS & T1T 9

ZEERAREICLTWADNE LRV,
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3)

4)

5)

6)

KENYAN D% Lea (2 K D5 D= R /L F—REA~DOFfS1E, AEFFE CIIMER T2

MNoT-.

KENYAN @ Lrs/MAar DMEN -T2 Z &G, SROGBAFITENR CR X 2 R EZIT 5 DI

B LZEBPEZ LTS LB LN, RIFEOR y B2 7RE#EHICBWTH, €0

R wesl s .

JAPANASE 13, #H17% OFEORhEAY 72 HiED 72 12 PRE100ms 7> 6 MG & TA O H:ITHE

TGS 22 (1 Lra 2 % RPEICTEE S & TV 22y, KENYAN T, 13 & A EfOFRIfHTE

B2 DTS, Lra 2 5 RVEISTEE) S EREONRAY 2R - MMEE 217> T,

FEROFE R, Lras/MAaT EEO /N &N KENYAN 1, BRWVGBIEIAfEitk C R & 22 L 1T 9

DITH LT BHIEREEZ L TR, Ry B 7o EROEMT, 7 - ok S 2%z /)

S HRDE, HATFHIEECM RS 20 5 MIRRE OfES Z MmO 2N TRy B 7

RAEI 21T > TW D AR <, TEROHERTHTE B IR 2 £ 5 D ok — 4

MEEZHCT SSC a7 k&3 7Y, KENYAN (TS ZTEN L THIERDE

WAy B T ROEER 21T > TV D AREMEDN D 5.
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