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Abstracts

The superior success of Kenyan middle- and long-distance runners has stimulated large amount of
interest to explore valid reasons for their performance. The purpose of the present study was to
examine 1) musculoskeletal characteristics of lower limb in elite Kenyan runners (ELITE) and 2)
relationships between their performance and musculoskeletal characteristics, and furthermore, to
examine 3) the specificity of the musculoskeletal characteristics in ELITE by comparing the
musculoskeletal characteristics of lower-leg between ELITE and other Kenyan runners as well as non-
athletic population. World-class elite and national level Kenyan middle- and long-distance runners,
national level Japanese runners, and Kenyan and Japanese general population in children and adults
participated in this study. Their Achilles tendon (AT) length, its cross-sectional area (CSAar), the
medial gastrocnemius (MG) fascicle length, and pennation angle as well as AT moment arm (MAaT)
were measured by using musculoskeletal ultrasonography. The results clearly showed the long AT and
MAAT, and the short MG fascicles for ELITE. In addition, the running performance for high level
distance runners was positively related to the MAar. In the comparison between ELITE and other
Kenyan runners as well as non-athletic population, however, the significances for these parameters
disappeared. In addition, the musculoskeletal characteristics in the late adolescent Kenyan children
appeared similar to those in ELITE. When the comparison between Kenyan and Japanese non-
athletics, Kenyans showed long AT and MAar, and short MG fascicle from childhood. In conclusion,
the results suggest that specific musculoskeletal characteristics of lower-leg in ELITE can be the racial

(physiological) characteristics rather than the results of the training adaptation.
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1. %

i)

1960 FFr—~ AV By I v T Y U TT XN - B TBRENRT 7 U DEY) D4 A
XV EMES L CUR, WY 7 ) BEEEME O L REERERFOEERS I T DIGEITH
LWV, O DOEWERNITIZZ S OMEFENER L, MSOERKREZES S L ikx RB8lE)
LA « HIEMTRbNTE N, avrtr RGN TV (eg., Saltin 1995a,b;
Saltin, 2003; Larsen & Sheel, 2015; Lieberman et al., 2015; Santos-Concejero et al., 2016; Mooses &

Hackney, 2016) .

11 ET7 7V AHIRD T o — DR & 0BERICET 5 1T E

FFAR2EE) Th 2 RIBFEEIITAR PR ER PR BT 2L B2 LN TEZED

(Joyner & Coyle,2008) , W7 7 U B D EHREHERFA IR E LIZRICENTY, A&
P T 70 —FIC LD RNFEATL T bl CE . L, =V —hr=7 A
BRI, FFATORENRIEIE TH 5 o RBLA R IR, FLBRMEMEERIE, mh~trm ey

BARFHFLAL # A 75128\ T (Saltin & Astrand, 1967; Costill et al., 1973; Joyner, 1991)

o

JERK (Saltin et al., 1995a) <°KKJH (Tam et al., 2012; Prommer et al., 2010) , HA (FEAIZD,
2009) O FHREHERT EEREZR LTS, Z0), ZHE CTREARES)EE I
BT DLEINTELINLDEENDIE, =V — =7 ABFOGWHBHRIZHNT 22
SRR TV AW, — 5T, =V — MRFEAGERT 7 U A E S O LR R
1T, BORRHADRFLUEMLCT vy =vrTay I—nmy ([F—EERE TOETHOm
FHEBEEN DN L) ZERHEREINTWS (e, Saltin et al., 1995a; Weston et al., 2000;
Larsen, 2003; Lucia et al., 2006; fEAIE7, 2009; FHlidiEHy, 2012) . WwxIZ, W7 7 U HiE
M opE LhREHRFOGNT = a ) I=0, HHLOMIOERTHLEEZEZD
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N T&7 (eg., Larsen & Sheel, 2015) . L2>L7AN 5, wIEOWETIE, =7 NEFOH
Hhtor=vr7xa ) I = 3MEBEERARD LR NEDOHRESLH Y (Mooses et al.,
2015) , W7 7 U AEEENE Ok LR EEREETOEY OMSIZET SEmITRE LTV

VY (Santos-Concejero & Tucker, 2016) .

ANE - BREEICEIT DA TIE, =F AT AT =D 60%LL B3 & IHRIZE S T
WL TV Z &R (Scottetal, 2003) , 7 =7 AT —id— kD=7 A&tk L Tl
FHEES S km UL ETH S T2 EIEN L o722 L v (Onywera,, 2006) , ATERERSCAETLBR
BORENR Y — b7 o —EMICBMRT 5 LR SN TV 5. ZoMIch, mHiERE

(Scott et al., 2003) o FBIUIEI T 2R (Onyweraet al., 2004) , fRFHIELHE 72 & Otk
219 5 (Onywera et al., 2006) ([ZOWTHEREN 2 INTWDER, BT 7 U WiEEHY

BTEOED BRI ZESZICHAT S Z SRk Tun 20,

BARTFHIRE TR, W7 7V DT o= MRITFAD LERT 2 EE A6 TND
BIRFIZON TN D SN TW5a. EOFHENCE 53 2% ACE (Angiotensin
Converting Enzyme) B3R DBIE T DOZTRUZHB N TE, 7=7 AD T > F—IZRF TR 51
TV 72u (Scottetal, 2005) . 7=, FHAHD Z O EEARMERK Y TH O, HAHHRHED A
2R BT D «-actinin-3 D& ThH D ACTN3 DLA (Yangetal., 2007) I b= KU T
DFEREIZBE 9 53851 mitochondrial DNA (mtDNA)  (Scott et al., 2009) (Z2>W\W T, 7=
TNT o —IC B TR BITER D BTV R, AR =Y RT3 —< U AT D8I T
WF5E Z )R < 17> T 5 Prof. Pitsiladis D 7 V—7" %, —#OET 7 U h O b bR
BRFEICHET 2BEFHREND, 10 0EWERNTEETFHRE RN OITHRH TE N

T T s (Pitsiladis et al., 2013) .



—J7, U= r=7 N7 —0AFR), B, EERESCATERKICE Tz
STHAEL, IREMNRERICOWTHLNNIT D Z LA HRR) - 72 Prof. Saltin 1%, 7S 4
AT =7 ARGEREE NSO T T —F OMEMEEZ LT O 2 S BB LTV 5 (Saltinetal.,
1995a) . 7 =7 ANTZrF—iF (1) EE#T, 7% AEOFEEZ DRI L, Hix
BRI RN AT IR > TV D AR,  (2) 7F=T AT T — ORI/ < TRV TR
(Saltin, 2003) IIAEAZ L X HMMED L AA—T —ARICHE L, EEIHTOT R LF—HE
EMMATOLAREMENRH D Z L 2L TND. Ll b, b DRI OV TITET

WFIE CTHAITRET S AL TU 20,

12 FEHRICBERT DB - HROBHIFLE

TEDEAKRD T T —a R L LIATHEN D, Tor=vrxa) I—|Z88ET5
TEROEK « BIEEENFAOLNE 2o TE. THRLAREE—AL M7 —2E (MAar) &
Fromvrxa) I—LoBERNL, MARBENWT U F—RE T r=r s a ) I-0RE
W2 EMRHE I TS (Scholz et al., 2008; Raichlen et al., 2011; Barnes et al., 2014) . Scholz
etal (2008) (2XD L, MAmIZT =7 xTa /) I—D56% M T L®ELTY
5. LT, IhETTr=vr7xza)/)I—LOBREPIED LTV EE (Anderson,
1996) , Body massindex, FERDOAR Y =— AEMEE— A & (Anderson, 1996; Larsen et al.,
2004) KV b, MAAMMD T =7 xa) I—~OFENLIYD RENZ LE2WE L TWD.
7o, HBHEE LA DR =7 AT F— (IAAF 227 993 +£77 1) IZBWTH,
MAar & 7 =7 xa /) I —OMICADOHBRRARD 5T D (Mooses et al.,

2015) . ZLC, ZNOHDEITHIETIE, B MAar O 08 EBE v 2R T ¥ L

AWERS )~ TE, ZDONFH TR X — 2T RV X —ICEHS 5 2 & TROFEMED



FIHZEDDZENTEDHLEELRIN TS (eg., Scholz et al., 2008; Mooses et al., 2015) .

—F5T, MAar3RWE BB O TN <20, THR=SAM SIS 2 ) 23 mic
JRBEHN M7 T E, B bV ORENRO R THA L 25, /T 7 U EEEHS D
TV — g L REEERT (n=11, IAAF 227 1126.9+105.2 /%) & HARAOME L EHR
HEEF (n=11, IAAF 227 909.4 £130.8 i) D MAar Z fbi L7 Sanoetal (2015) oA

FETIE, MAar &3S (IAAF 2 =27) & ORIZITIEOHBEBMR S H 5 Z L SR ST
L. MAT, Wy 7V A0zl — MNEFL, EEBEEHI O N RR o ) E B &L 5 7 R D
B EDP DRV LD, ROMAATIZE T, T & 2 F e M- R 72 BT 21772
STND I EPRBEINTWD (Sanoetal., 2015) . 2D X1z, W7 7 U hoke EhER
BERT OB NIRRT 2 MA BELIZ OV T2 v P AR/ LR THRY. Zhbo
4TRSS (Scholz et al., 2008; Mooses et al., 2015; Sano et al., 2015) ORJES & LT, SE{TH%E
O GHIRE DB L~V DIBENREZ LD, £, BRDHHL~LVDT T —

HEHT, MAar DEEDOENMEIZHOWT, BRI E ORRHOBETT 2 LENH 5.

B DB T R L — DT & RIS Lo TEENIRNBEE D 2 ENT U HL—72 E DB
MEBRTIE SN TS Z 225 (Dowson & Taylor, 1973; Biewener & Robers, 2000) , 7 3
VABREL T =7 a ) I —LDOBMRIZOVWT Y, RO T v —& R RICHmE sh
T&7-. WHERT XL 2EE (BEEM L 7 3 L 2ABOMHIEBITEH SEEHREE TOREX)
o r=rrra ) I-LAERAOHBMKRIZH Y (Hunteretal., 2011, 2015) , KW\\7 %
VAR Ko T, EEBTOT X L AEOMIE - MRS ML, BOMEELFINTL 2L
T, RO BWRFENATREIC /2D LEZ BTV S (Hunteretal,, 2011,2015) . Z D k5
12, AWV MAATREWTF LA LTI =7 oo I —RNEE58AE, Wb
T U ARER )OO AR - BEE O EMRT 5 2 & T, BMOMMRIHERmD D Z LN

FDODAH=7 AL LTEZLNTWA., L LARD, =V — R r=7 Ak P EHEhRE



DRy vy 7 i#ES) (Sanoetal, 2013) <°EiEH) (Sanoetal., 2015) #EHIHF D7 % L R gD
AR ESCHEHI T O TR =SAR OAIEEN &I/ SV, bbb, BT 7 o) — NEFRICE
WL, BEWVWT L ABERE D MAATIZ K- T, RSP OMsR B 2 8N S, ok

FMEZRmD D Z & T, ERNRORBVEEZITR2>TWVD L1375 H.

i RO IE 72 E O ERRII A AN 2 AT D RO = 3L X —{HE (T84 5 (Lieber
& Friden, 2000) . ZHET, —fkOpE ERIBEHEFICL > T, 7 —OFEREOREH
HINTWD. R ERIFEERFIIERRGET & i U<, SMRAAR, & BERERS DO E A/ S
<, BHEITEL, £ LU TOHRMAIZRE LV (Karamanidis & Arampatzis, 2006) . £7-, ke L
RIFBERT & —R AN LI L7258, SMAAR O ff TR & BEIE R O R RIXRIRRE 2R3
25, PLRAITEEREEF O AKXV (Karamanidis & Arampatzis, 2006) . Z L5 D ST
NS, HOTFNX—{HEREEZIMZ D7-DIZ (Fletcher etal., 2013) , —f¥ e [k s
FIXHDH R (D a 2 78) L REWIIRAICEEEIS A Z > TV D L EfH S
LT % (Blazevich, 2006; Murach etal., 2015) . L22L72h b, /77U HDO= Y — MEF
[ZOWTIE, AARNET & U TEWPRIBEIER; OB R & REWPLRADHERE SN TN D

23 (Sanoetal., 2015) , Wit/ & DRERIZ OV T ITHRET S LTV,
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2. BH

INETOEHDOHRET, BT 7V IO — MNEFOEWVERIITIE TRRO B - Mk
DOFEREMRHE DB L WD ATEEMES /R ST E Tz, L LR D, b ORI L
TV — MERFOFH S EOBRICONTE, arerd2nGon iy, £, oo
B0 72 TRROEH « FREFERERS, BT 7 U H OB T2 o)y, £2iF= U — h

FUTBFORRMR L= TR EIZL S THEL STV D RHENIARRATH 5.

2T, AR TIIUTORIZOWTHREFT A2 Z 2 E L.

1) =V —brr=7 Ak bEhRIEEET & AARNE LhREBEEFO TR - filEoi
gertml, =V — =7 A EhRb#ERTz &7 =7 Ak L REEEET O
THEEH - HIEEROREAZ 52T 5 (BHERE D .

2) WEH & TRREHS - BEOTEREOBEREZRE L, =V — =7 Ak EhRiREhET
D VERRINCBIFR T 2 TIVER - HilEOREEmt+25 (BERE D .

3) ThEEH - MlEEEET Y — =7 AR EPREBBEEET, F=7 O kLo
RS TE E fRAN S L, =) — MRFORE AT S (BFRRE

2) .

4) =7 NERAKANOREFIMHED FIVER - HiPROREA L, HIRHE O FIRE

B« EZRRDEVICOW TR 5 (BFFEERE 3)
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3. FHiE

3.1 B LT VA v

FCRRRE 1

R~y D=l — k=7 NBe b REREEEF O TRROTERBIVRHE & it /) DR
BREWPALNCT D720, =V — =7 NS bhRfE®EFE 24 (=) —rr=TA
BE) CEAN Ny TV OARANS T LR REEGRTF 224 (AARNETF) Zxige L
(Table. 1) , 7% L A& NRIBEIER OFERE, REEHKEEELZIEL, =) —7r=7 A
BTLEBAGRTOER - HPREL ik L7-t%, BREL BRI L oRERF L. 72
B, TV — =7 NEEPERBEETICIE, 4V vy 7 OiipE LR TFERS LD
AVXY —RBRRBZNTTABELRIEGRROS 2FE 2 E A TND. R 55 OHERE O
B &Y 5721, BHEPER OBHGRA GRICBE TE S IAAF 22T ) v 7T
— 7 VAT A (Spiriev, 2011) &AW, HIEH 2B LFELUNOHERSE DR Flgks

IAAF A a7 |28 L, Bibiaesks S5k L=,

Table 1. Physical characteristics and endurance running performance

Elite Kenyan runners Japanese runners
(n=22) (n=22)

Age (yr) 219 £ 4.5 202 £ 2.2

Height (cm) 174.0 = 6.0 173.3 =54

Body mass (kg) 572 + 438 56.9 + 4.6

Body mass index 189 £ 1.5 19.0 £ 0.9
Endurance running performance (IAAF score) 1130.0 + 91.3 1004.8 + 49.8**
Values are expressed as mean = S.D. ** Significant difference between KENYAN and JAPANESE

atp<0.01.
IAAF, International Association of Athletics Federations.
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HFERRRE 2

R =D ) — b =7 N EhREEEET, —fkor=7 A\ LT REHRFE 7=
T N— RN D TRROEA - BMEITENRH DDA ENCT D720, = — =7 A
Frke b RiREEETF 184 (ELITE) , ERREHS L~V O—fkr =7 NE R bEPRE
RS T 34 44 (RUNNERS) , BifEAR—Y %47 o TWWeWor =7 N—fix AN B 34 4
(CTRL) zxfg& L (Table2) , FHOBEHE, PHUIBEHER & 7 % L AEOTEREZHIE L
. —iosr =7 AbE LR BEhEFE, BERRE EPRBEEED b L —=2 7 2 T o

THY, EERSICHGRBEDO/2WE & L.

Table 2. Physical characteristics and endurance running performance.

ELITE RUNNERS CTRL
(n=18) (n=34) (n=34)
Age (yr) 248 £5.2 259+ 45 243 £ 438
Height (cm) 171.8 £ 7.5 1721+ 7.3 171.4 + 7.6
Body mass (kg) 57.0 £ 5.3** 58.2 + 5.6 ** 63.8 =85
Body mass index 19.3 +1.3** 19.7 £ 1.8 ** 217+ 238
Shank length (cm) 39.3 £ 26 39.0x 25 39125
Foot length (cm) 264 +11 262 £ 13 26.6 = 1.3
Forefoot length (cm) 11313 116 = 0.8 11.3 £ 0.7
Endurance running performance (IAAF score) 1207.7 = 41.6 1043.7 + 86.7

Values are expressed as mean =+ S.D.
* * shows significant differences between CTRL atp < 0.01
IAAF Score, International Amateur Athletic Federation Score (Spiriev, 2011).

WFFERRAE 3

=7 NEBARAND FREVEH « HIEEREOAEREER]T — X D, REIBEEZERIC L
bz, T=T ANEHARADREBEERIZEIT D FTRROEHK - HEFEOE NSOV TR L.
WERE X, Oi~RATETOr=7 A— kS 2254) L AARAN—&BME (4474) &L

(Table3) , THEEH - MEIERELZHIE Lz, 7 =7 A& BARANOHERE L LI 0-4 5%
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BE, 5-8khE, 9-12 WRE, 13-16 EhE, 17-19 R, 20 MAEOEMEEIC R LT-. 20 mREIX

20 ik LA ED—fRk N & L7z (Table3) .

Table 3. Physical characteristics in KENYANS and JAPANESE

KENYANS JAPANESE
n Age Height Body mass n Age Height Body mass
) (cm) (kg) (") (cm) (kg)

0-4yr 15 22+ 17 86.2 + 18.7 126 + 4.8 56 23+12 89.2 + 11.7 13+28
5-8yr 42 64+ 11 1179+ 8 227 £58 45 62+11 116.2 £ 85 205 + 35
9-12yr 49 10.7 £ 1.2 137 £ 9.7%** 315 £ 7.7%** 42 109 = 1.2 146.3 = 10.9 39.6 £ 9.6
13-16yr 47 142+ 11 1575 = 10.5** 457 £83** 99 143+ 11 1639 £ 7.9 535+ 99
17-19yr 38 179 = 0.9 168.4 = 5.5 584 £ 6.1 98 18.1 = 0.8 170.1 £ 59 58.2 £ 6.3
20-yr 34 243 + 48 1715+ 7.7 63.8 = 8.5 107 217+ 21 1709 = 175 65.3 + 10.7

Values are expressed as mean = S.D.
**and *** show significant differences between KENYANS and JAPANESE at p <0.01 and p < 0.001,
respectively.

WFPERRE 1~3 12 W T, A CREVEDLHEIIRESR) (JITANITED BRIk &
ZOWTHoIZAA L, MESI~ORIEZGI%, WEZEm L. =7 A~OFHHIE
PEEETIBIM o —T 4 X — 2 =3 AU v VGBI CEREER L7z, £72, BRI~ L
YREFITEY, TORREERFE NERICET 2 MEEZARIC K AR A S THEM L

(WFFEaREE 1 - 2 1 10-21, 11-21, WIZERRE 3 @ /KiR%E 7S 16-1) .

3.2 WE - SHTEHE

AWFFETIL, ETORRIEIZI W TEBRE IS LS A 2 RFF SEFEM L7z, ek,
SENEAS R EE R FLEN RIS DOV T, AMBME F 72 REMZIC TRIE Lz, 72, WEFETESA

WINE TITV, B REEE DA O I 2 S48 E OFHIEHE ORRME L L.

14



321 THLREHDEITAVME

THOEZ7 A PRELT, THRE, B, fiREZHE L. TREIIIFEEOAR
DIERETOHBEL L, ZELEND AV y—2HWTHIE L7z, BRRITEORE O ik b
WOl To Rl (R &5 2 fReiR A RS ERY) (ST A REREL, Ty =Y
ZHWTHRIE Lz, AR RI3E 5 R EEAEEHD b R E Ry e LA &4
ROTEHRNDIEEIC T A LI ERD KPR & THRME, K5 HREEEMFHEOR S

&L, LFRERZHWTHIE L.

3.2.2 WNHIBEE AR

POBUBIERE A D 5 SRR, POBUIBRAE AT 0D 5 T L 2 3 1 2 2R T8 T MBS & TR Rt 2 75 S A SR D
e &L (Figurel) , PRRAIZNRIBEIER QMR & RIS ORI /A B, I3 8 A
i & DREDIENES & C A TR ELIS AN SEREE S L7c. oM idsRtg U7 S Bmemrmig 1 0 mif ot
7 h =7 (Image J version 1.48, NIH, Bethesda, Maryland, USA) % W T, T EraHilL
7. Eio, BEREGEZ RO ARBEES R R, PHRA, BEOHRVRLIE (n=9) (Z
X A BRENERZE Intraclass correlation coefficients (ICC11) 1%, £#u<410.980, 0.971, 0.960

(NPERE 5 i =, PR, FRIE) Th 7.

323 THXLUREREE

AWFIETIE, 7% L ANER 2R 7 5 L AREIERBATI L © T AHh T % L AR IERAT
HoznENNOHEREEE TORSEL, TNENPERT FLARE L T AH T F L
A & L (Figure 1) . JEREAG 7 20 L A RERIE, BEIEAAY - SMABAE O &K & 7 % L A i
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PEL RO OEEEEE CTL Lic, BEME & PEER - © 7 A FOEMHEEATE
%, BEIEEE (Noblus, Hitachi-Aloka. Ltd. Japan) @ B &— RiEA HAWTHE L5 flEDORE
WIEf 2 D RE L72t%, B Ric~v—2 L, TRENORESEFA Yy —Z2 AW TER L
Fo, HREMOHBIZEB N T TREDORELZET 572010 FREISHT 2 EER 7 % L

AR L T AFHT F L AREROEIGEHFEH L.

T U AT AL, B EREEE 2 VT e T A FENLE T D7 % L A AW A R
L (Figurel) , ZOfRME L7277 & L AJEOBE WG SBgE Y 7 b o =7

(Image J version 1.48, NIH, Bethesda, Maryland, USA) Z W CTHEH L7-.

Head of fibula q 20mm

r—-----------»

=
5 £
c </fc>
2 15
< | -
= S 1
: £is
wn
cross-sectional < 1E
area 1S
o 12
(_f) +—
g
O

Calcaneal
tuber

Figure 1. Measurement schema for length of shank, Achilles tendon (AT) length and cross-sectional area.
Gastrocnemii and soleus AT lengths as well as AT cross-sectional area were measured by the ultrasound images of both
legs. The soleus and gastrocnemii AT lengths were measured from the AT insertion point on the calcaneus to the distal
end of soleus muscle and to the end of the proximal point of AT, respectively. The AT cross-sectional area was
quantified just below the distal end of soleus muscle. Medial gastrocnemius muscle (MG) fascicle length (Lg),
pennation angle (8) and muscle thickness were measured from the sagittal calf muscle belly of MG by ultrasonography.
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324 THXVARBRE—RAV FT—LE

THRVAMEE—A L BT —A0F (MAar) , BEERBASEIEREN TS 20N - AMROTHA Z
#5585 (Lundoerg etal., 1989) & 77 % L AR ) OVE AR % #% SR & L7- (Rugg et
al., 1990) . MIE I FHILE L~ LT oA RBRIERR O E A2 WV TITY, B 7R F
% (Heron’s Formula) (2L > T TFOREHNWTT F L AEE—A L F T —AxHH L

(Figure 2) .

2\/5(5 - Lmal)(s - Lmed) (S - Llat)

MA,T =
AT Lmal

g = (Lmal + Lmed + Llat)
2

MAATIEZ T F L AEE— A > T — LK, Lmneald7 5 L AR & NI OTA S 2S5 ERR EEEE,
Liat /X7 3 L AN & A6 RTE 55 2 5l S ERREERE, L (3 « AMEOTE S 258 SERERE (Rt

HIETIEDOFMETRT) .

Lied & Liae (3PN « SMROTEA L 7 F L AR OIEM R 2 T Tl St CH o7,
FIEEZHONTT LV AEEN - SMRZNENOTE AR OB 2 8% L (Figure
2a) , Mg HTY 7 7 =7 (Image J version 1.48, NIH, Bethesda, Maryland, USA) % >
T, Lmed & L ZNENRHAILTZ. £, 7 LV ABERDOIEHAX, 7% L AW
fx 2% L, Ho, TNENDNELRT HEME 2 K5 E, DR E L (Figure 2a) .
Loa 1 EN « AR OTERZFESEREE L, ~ AT A RERESOMTEH 2 HWCRE B b

FHAIL 7= (Figure 2b) . F7=, BEHEHEEBR I VEH L7 Lo & L l2MZ, EHSNTE
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MAAT DD K LHIE (n=9) 12X 5B5RE N7 Intraclass correlation coefficients (ICCy1)
X, F1E400.990, 0.992, 0980 (Lmed, Liat, MAaT) TohHo7-.
(@) 7 (b)

Medial =
malleolus

Lateral

T Vedial

malleolus
Lateral

malleolus

Achilles tendon

-
S = (Lmal + Lmed + Llat) XIS
2
2\/5(5 - Lmal)(s - Lmed)(s - Llat)
MAar =

Lmal

Figure 2. Measurement schema for Achilles tendon moment arm using ultrasound and Martin Breadth Caliper.
(a) Ultrasound transverse images of Achilles tendon moment arm (MAat). The distances from the center of the AT to the
tips of the medial (Lyeq) and lateral malleoli (L) were measured using ultrasound images. (b) The distance between the
tip of medial malleolus and lateral malleolus (L) was measured on the skin using a Martin Breadth Caliper.

325 ‘B - HRREREBOKREMIEEDOR H

BT RBfiOCZHIZRIEELZ MAAT TR LZMEE Lz (TieoXzxeS
B . B EIEE 5 B mArEEas O e g Kl 5 R L 72K & AR OTES D
PTENZ A LTZERBKEREBERT LN E, BHSPEFEMFEEOESEL, LR

ER A VTR L 7.
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FLR = Lsorefoot / MAAT

FLR |X Foot lever ratio (E%Eﬁ@f :Hﬁ) , Lorefoot ﬁiﬁﬁ}_&lﬁ, MAAT 37 % I/XHE%‘_‘f N

7T — bk,

R E-7F VAT —A 2 P — AR WUPHERREZT L A —A 0 b T —

ARTHRTZ LICk s THINLZ.

3.3 WEEHALER

WFERRRE 1

ETOWUFEEE OfEIE, F¥H + FHEFETRLE. =) — =7 ARFL ARNERTF
DAWEE B OFEEMEDOZED HHIZIIRIIE DR NAF 2 —F > MtRE (FlHE) & v
7o, EBSALRWVEBIEYY - B, v h=—D T 7 F LREEITIR-T-. FUEHERB &
B L OBMROMRFNTI, ©7 Y OREFMEMRERE vz, 7ok, HEHLERIZIE, 1BM
SPSS Statistics version 21 (IBM #:8) Z vy, 2 TOHEBIZB W TIERER 5% 42 4 EKYE &

L.

WFFERRE 2

ELITE, RUNNERS, CTRL O IEHEB OO sz 1E, iR Lo 7pn—EE Sy

BT 24TV, BERICA BRI S5 a 12X, Tukey 11T & 5 2 H HLlHE 2 H
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WTHBBOEEEMEELITo -, HEHFRIZIE, IBM SPSS Statistics version 21 (IBM £t

) A2V, RTOHEBIZBWTHERE WA FEAKYEL LT-.

HFFERRRE 3

REWMBROr =7 N & BRANOREBITE I TS, AHEE (F=7 AL HBAN) BLO
FAFIREER] (0-4 5RRE, 5-8 %R, 9-12 wkff, 13-16 mkff, 17-19 skff, 20 HE) OFKME
H B OYEMEDFED I, ViR LOARW 8K (AFEXEREE) OS82 Ay
7o ERVRETIIL AN GATGEE, FlEED NI DUy Tid Bonferroni 1412 &
D ZEEREZ T/ o7, MAT, BEOKE SEEE LA THERK - RO AR
# (F=7 NERAARN) OHERE(TRI -0, BHROKRES (HE, THRE, BE) & T
A% - BIERROMGZ B Y ORISR L W TRHRET L, BUROABIEORE 217
7oln 9 2T, RHAEMNEASNCTOHTHEMEES - HA11E, BBEE (K, T
R, RE) 28L& L LT, & FREK - BHIEEO ANFER (5=7 A& AARN) Otiks
30T (analysis of covariance: ANCOVA) % W THT7e o7z, FEHLERIZIE, 1BM SPSS

Statistics version 21 (IBM #H8) Z vy, 2 TOHEBICBWTERE S%E2 A EKHESL LT-.
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4. FER
41 =YV — =7 A\ LHEREERFEDO TRER - HREORE WFEEE 1

&, BKEL BMIOWTHRIZENTHZ ) — =7 ABEFL HRARFECTHERZET
RO LRSI, FHHSIOEETH S IAAF 27 3= — Mr=7 N FERAEICH
VWMiEZ R L7z (11.1%,t(42) =-5.64,p<0.01) (Tablel) . FEEKOEET —% TiE, —
U—rr=7 NiBFNHARNETF & B L TKRIRE (7.3%,t(42) =-3.27,p<0.01) , FHRE

(8.4%,1(42) =-4.42,p<0.01) tEF (5.3%,1(42)=-451,p<0.05) THEICEWHEEZ T

L, AiEgR (6.9%,t(42)=2.42,p<0.05) TIXHREICE MEZ R L7 (Tabled) .

Table 4. Body segments for KENYAN and JAPANESE

Elite Kenyan runners Japanese runners

(n=22) (n=22)
Thigh length (cm) 426 =34 39.8 &£ 2.8 *=
Shank length (cm) 39.7 £ 3.0 36.5 £ 1.7 »x
Foot length (cm) 26.7 = 1.2 252 £ 11 =
Forefoot length (mm) 111+ 13 119 = 0.75 =

All parameters are averaged values from right and left sides. Values are expressed as mean
=+ S.D. *, ** Significant differences between KENYAN and JAPANESE at p <0.05 and p

< 0.01, respectively.

TV AROZRETIE, T L ARRITHEHE & FHMEO W T T2 Y — M =7 NEFENR
HEICKE2EZ R L7z (Figure3a,b) . #ExHEIZBWTIE, =V — =7 NERENPEE
7 %L ARER T 14.4%E< (1(42)=-4.75,p<0.001) , BT A7 & L AR TliL 24.3%

(t(42)=-2.98,p<0.01) EM-7 (Figure3a) . FRRREIZXT 27 F L AR OHIEG (FHxt
i) TiE, WERERET L A JEE2Y 6.7% (t(42) =-2.54,p<0.05) , &7 AT X L AJEEMN
17.1% (t(42)=-2.13,p<0.05) @EMEZR L7 (Figure3b) . 7 % L AREMEMrEAE X, =V

— =7 NEFEN LLA%KEVEEZ R LT (t(42)=-2.39,p<0.05) (Figure 3c) .
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(@)  Absolute AT length (b) Relative AT length to Shank
(%Lshank)

& ok 80+ *
Il Eliie Kenyan runners
60 ] Japanese runners
204
. 40+ -
10
20+
0- L 0- —
SOL GAS SOL
(C) CSAAr (d) MAAr
(cm?) (cm)
**
0.8 . 4l
0.6 34
0.4 24
0.2 1
0.0- — 0- =

Figure 3. Comparison of lower-leg parameters between Kenyan and Japanese runners.

(a) Absolute gastrocnemii (GAS) and soleus (SOL) Achilles tendon (AT) lengths, (b) Relative GAS and
SOLAT lengths relative to the shank length (Ly,,.), (C) AT cross-sectional area (CSAxr), (d) Achilles
tendon moment arm (MA,;). * and **: significant differences between Elite Kenyan runners and Japanese
runners (p < 0.05 and p < 0.01, respectively). Adapted with permission from Kunimasa Y, Sano K, Oda T,
Nicol C, Komi PV, Locatelli E, Ito A, Ishikawa M. (2014) Specific muscle-tendon architecture in elite
Kenyan distance runners. Scand J Med Sci Sports. 24: e269-e274. With permission from Wiley.

i

WRIBERE R AZRE CIX, =V — b7 =7 NiBFD, iR E TIE 11.2%8 < (1 (42) = 3.42,

Bt

p<0.01) (Figurede) , PLRAIT 11.1% KX < (t1(42)=-4.43,p<0.001) (Figure 4f) , i
JEIX 7.2%/ NS0T (1(42)=2.49,p<0.05) (Figure4g) . MAarix, =V —Krr=7 A&
F2336+04cm, HAANETFN32+03cm T2V — hr=7 NIEBERFREICEWVEEZRL
7z (t(42)=-3.95p<0.001) (Figure3d) . REEHIOTIHIT=Y — =7 ABFLFE
ITIEVME AR L= (31+0.4vs3.7+0.4,t(42)=5.10,p<0.001) (Figure5h) . k-7 =
VAREE—RA L T —LAEWHII=) — N =7 NRFERAEIDSVWEZ R LT (14£02

vs 1.8+ 0.3, (42) =5.43, p< 0.001)  (Figure 5i) .
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() MG fascicle length (f)  Pennation angle (g) MG muscle thickness

(cm) *k (ZdSeg) e gcgn) N Il Elie Kenyan runners
6. . [ Japanese runners
20 2.04
44 15+ 1.5
10+ 1.0
24
5 0.5
0- — 0- L 0.0+ L

Figure 4. Comparison of muscle parameters of the medial gastrocnemius muscles (MG) between
Kenyan and Japanese runners.

(e) Medial gastrocnemius muscle (MG) fascicle length, (f) MG pennation angle, (g) MG muscle thickness.
*, ** and ***: significant differences between Elite Kenyan runners and Japanese runners (p < 0.05, p <
0.01 and p < 0.001, respectively).

(h) Foot lever ratio (I) Le-MA,; ratio
* 2.01 - [ TN
44 e Kenyan runners
1 Japanese runners

1.5

3<

N 1.0-

11 0.5

0 - 0.0- |

Figure 5. Comparison of functional parameters of lower-leg parameters between Kenyan and Japanese
runners.

(h) Foot lever ratio was defined as the ratio of the forefoot length divided by MA,1, (i) Medial gastrocnemius
muscle fascicle length (Lg,)-MA,; ratio was defined as the ratio of L, divided by MA,;. *, ** and ***:
significant differences between Elite Kenyan runners and Japanese runners (p < 0.05, p < 0.01 and p < 0.001,
respectively). Adapted with permission from Kunimasa Y, Sano K, Oda T, Nicol C, Komi PV, Locatelli E, Ito
A, Ishikawa M. (2014) Specific muscle-tendon architecture in elite Kenyan distance runners. Scand J Med Sci
Sports. 24: e269-e274. With permission from Wiley.
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4.2 FEBEN & THRER - HREBROBR WIFERE 1)

ETCOPRE BN THHT) (AAF 22 7)) & TRV - FilEREOBRIC OV TRt
L2 Z A, ROLHIITMAAr ERBHOTII, HRE-TXFLAEE—AL N T —LE
eod, B EHERRREL EOMBERMGRE R L. SR L MAsr IZFERED
FRIRAMR AR L (r=0.55p<0.001) (Figure 6 LEFT) , BRI T Z lid A OB E
~xL7= (r=-051,p<0.001) (Figure 6 RIGHT) . filE-7 ¥ LV AEE— A N7 — AR

T, AEZRAOHEEREE R L (r=-056,p<0.001) (Figure?7) .

Achilles tendon moment arm Foot lever ratio
(mm)
50 6- _
@ Elite Kenyan runners
5] O Japanese runners
%6

°
o °
2 -
r=0.55 r=-0.51
p <0.001 14 p <0.001
ZOT n=44 n=44
0 T T T T T 0 T T T T
900 1000 1100 1200 1300 900 1000 1100 1200 1300
Endurance running performance Endurance running performance
(IAAF Score) (IAAF Score)

Figure 6. Relationship between endurance running performance and Achilles tendon
moment arm for all subjects (LEFT). Relationship between endurance running

performance and foot lever ratio for all subjects (RIGHT).

Adapted with permission from Kunimasa Y, Sano K, Oda T, Nicol C, Komi PV, Locatelli E, Ito A,
Ishikawa M. (2014) Specific muscle-tendon architecture in elite Kenyan distance runners. Scand
J Med Sci Sports. 24: e269—e274. With permission from Wiley.
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Le,-MA, ratio

@ Elite Kenyan runners

2.4 O Japanese runners

O r= ‘056
5 p <0.001

20{ <
1.6

1.21
O-O T T T T T
900 1000 1100 1200 1300

Endurance running performance
(IAAF Score)

Figure 7. Relationship between endurance running performance and
medial gastrocnemius fascicle length (Lg,)- Achilles tendon moment
arm (MA,7) ratio for all subjects.

25



43 =Y — =7 A\ LthERERT L =7 O—ikkE LhREEESES, —RRADO TR
B - R OE N (HFZEHE 2)

s (F(2,83)=0.941,p=0.39) L &HFE (F(2,83)=0.06,p=0.937) % ELITE, RUNNERS
& CTRL THEREWIIZED - 7-h, KE (F(2,83)=8.01,p<0.05) & BMI
(F(2,83) =9.56, p< 0.05) i\ 1L H CTRL 723 ELITE (fAH : p<0.01, BMI : p<0.01) &

RUNNERS (fA# : p<0.01, BMI: p<0.01) LV HFZEICKEVMEEZ/RLT- (Table2) .

TEROEH# - FEREICRB VT, THE (F2,83)=0.07,p=093) , &£ (F283)=0.71,
p=049) , AiEE (F(2,83)=1.86,p=0.16) , MAar (F(2,83)=1.61,p=0.20) & E&REEiDT
ZH (F(2,83)=2.61,p=0.08) DWFTRIZBWTH IBEFTHEREWVIZRD LR -

7o FETo, BHER - © 7 A7 % L ARERITAHE (WERER 7 % L Ak« F(2,83)=0.75,p =
047, T AT L Ak : F(2,83)=0.14,p=0.86) (Figure 8a) & FxME (PERERF 7 F L &
i F(2,83)=1.16,p=0.31, t T A7 %L Ak : F(2,83)=0.09, p=0.90) (Figure8b) &%
12, 3SHMTHEREVNIRD bRehofz. —HT, 7% L A EERmE (F(2,83)=6.06,
p<0.01) 23\ TiE, CTRL 28 ELITE (p<0.05) & RUNNERS (p<0.01) &F~_THEIC
RKEVWEZR LD (Figure 8c) , HWEEHT-D OT X L AN ClX, SHECTHER
FETRO SN -7 (ELITE : 1.09+0.18 mmzkg, RUNNERS : 1.04+0.15 mm?/kg,
CTRL : 1.09+0.15 mm%¥kg, F(2,83)=0.86, p=0.42) . WIBPEIER OFREIZH T, PHRA
(F(2,83) =5.34,p<0.01) Ti%, RUNNERS 7' CTRL L [t RTHEIZKEVMEZ R LEZD (p
<0.01) (Figure9f) , & E (F(2,83)=053,p=0.59) (Figure9e) &#HE (F(2,83) = 2.66,
p=0.07) (Figure 9g) IZBWTILIHEMICHERBWVITIRD Loz, £, HiRE-
TR LVAEE—A L N7 — LRHIE 3 FMICHEREWVITRD o7z (F(2,83) =2.38,

p=0.09) (Figure 10i) .
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(@)  Absolute AT length (b) Relative AT length to Shank
(%Lshank)

(cm)
30. 801 mm ELITE
= RUNNERS
60- CJCTRL
201
40+
10+ 201
0- tﬁ 0- tﬁ
GAS SOL GAS SOL
() CSAx (d) MA
(cm2) * - (cm)
0.8 [ 41
0.6 3]
0.4 2
0.2 11
0.0- L 0- L

Figure 8. Comparisons of lower-leg parameters for elite runners (ELITE), trained runners
(RUNNERS) and control subjects (CTRL).

(a) Absolute gastrocnemii (GAS) and soleus (SOL) Achilles tendon (AT) lengths, (b) Relative GAS
and SOLAT lengths relative to the shank length (Lg.), (C) AT cross-sectional area (CSA,7), (d)
Achilles tendon moment arm (MA47). * and **: significant differences vs CTRL (p <0.05 and p <
0.01, respectively).

(8) MG fascicle length (f)  Pennation angle (g) MG muscle thickness
* I ELITE
(cm) {ten — (cm) B RUNNERS
20] [ CTRL
20
4 1.5
15
, 101 10
54 0.5
0- — 0- — 0.0- L

Figure 9. Comparisons of muscle parameters of the medial gastrocnemius muscles (MG) for
elite runners (ELITE), trained runners (RUNNERS) and control subjects (CTRL).

(f) MG muscle fascicle length, (f) MG pennation angle, and (g) MG muscle thickness were
measured by ultrasonography. * shows significant differences from CTRL (p < 0.05).
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(h) Foot lever ratio (I) Le-MA,; ratio

2.0- N ELITE
4 B RUNNERS
1 CTRL
3 1.5 I
2] 1.0
14 0.5
0- — 0.0-

Figure 10. Comparisons of functional parameters of lower limb for elite runners (ELITE),
trained runners (RUNNERS) and control subjects (CTRL).

(h) Foot lever ratio was defined as the ratio of the forefoot length divided by MA,+, (i) Medial
gastrocnemius muscle fascicle length (Lg.)-MA,; ratio was defined as the ratio of L, divided by
MA,.

44 HEFERIIBITBD =7 AL BRADTRER - HRFEOE (FFFERE 3, KFi#
BERIC I 5 AFER O Lh)

Table 3 (27 =7 A& AARNDZFRGRE (0-4 5HE, 5-8 7k, 9-12 milE, 13-16 mifF,

17-19 mlf, 207%HE) O, FRE, KREEOPHHE L REEREZ T

Figure 11 | I FERE, 7 ¥ LV AJEE, 7% U AMEEMmfd 2 Fimnies] - AR L7 b o
Ths. FTHEE (F(5,643)=7.24,p<0.001,12=0.05) , MEREM 7 & L AR (i
F(5,643) = 6.58, p < 0.001, 12 = 0.04, FAxHME : F(5,643) =259, p<0.05,1>=0.02) , &t J A7
F L AR (ERHED A : F(5,643) =4.83,p<0.001, 12 =0.03) , 7 3 L Ak 7 i i

(F(5,643) =3.69, p<0.01,12=0.02 ) (23T, AFEXFHEED 2 BRIZAZAIERADNRD 5
iz, THRRRICHT 28 7 A7 % L AR (FEXHE : F(5,643) = 2.08, p = 0.06, n? = 0.01)

(CBWTIE, AFEXAEHERED 2 ZRNZAZ AT b7,
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Table 5 (2 FHRE, 7 ¥ L AR, 7% L ARAEWmAIO NFER, & AEEER 0 SEEfE o
SR A R, PEEIXZ =T A, AARANE BIC 045805 17-19 sBHC /T T, K&
VAEIREEIE CABICRWMEZ R Uiz, BEER 7 L AERIZr =7 AL AARANE H12 0-4 5%
B D 9-12 WAEICNT T, REWERBIZEARICRVMEZ R LT, BT AH7T ¥ L A
RIZBWTIE, BARNIS-8 NS 9-12 I TREWFEIHIE A BICRVES
IRLTED, =7 NIFAFERPEERICAEBREWVTIRD Lo 72, THREICK T 2 HEER
T X VAREROEIEG TIZ =7 N TIX 5-8 ilit DS 0-4 milf L LN THBICRES WMEZ R L,
HARNTIL0-4 5D 5 9-12 5B I N T TREWERIEIZEABICREWEEZ R L. T
BREIZXT 28 7 AH7 % L ABEREOEIG TIE, HARANIZ9-12 sl 5-8 mfft L A EIC
REWVEER LD, 7=7 NISEHEEM CHBEREVITRED Do, 75 L Ak
BRI AGIE, 7 =7 A CIE 04 RED B 13-16 IBEIC 20T C, HARAN TIX 0-4 i & 9-12

IR NS T, REWEIRIFIZEARICR S WEEZ R L.

r=7 NEBRANDEWEFMEER TR L7 L 25, THEIL5-8 mft, 13-16 kit
17-19 iehE, 20 5HET, MEMERD 7 ¢ L AMERIX 0-4 2R R TOHT, b 7 AHER
1% 5-8 7k, 17-19mkHE, 20 AECr =T ADHARN LKL THREICRVMEZ R LT
(Figure 11) . TFRERICKIT ZHEIERS « © 7 A7 ¥ L AR OFIGIZHBWT, BEER 7 ¥
L AR TIX A TOERMEE T =7 ADNHBEICKEVEZRT LT, BT A7 5L AiX
0 W TORTr =T ADNHAANIL D AEICRKEWEEZ-R LT (Figure 11) . 7 3 L AR
HFEIE 13-16 mklf, 17-19mBE T =7 AN AARANE il L CHEIC RS VMEZ R LT

(Figure 11) .
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Lshank CSAAaT
0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr
0-4yr a a a a a 0-4yr a a a a a
5-8yr a a a a a 5-8yr a a a a a
9-12yr a a a a a 9-12yr a a a a b
13-16yr a a a a a 13-16yr a a n.s. n.s. n.s.
17-19yr a a a b n.s. | 17-19yr a a n.s. n.s. n.s.
20yr a a a a n.s. 20yr a a c n.s. n.s.
LaT-GAs Relative LaT-cas
0-4yr 5-8yr  9-12yr  13-16yr  17-19yr  20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr  20yr
0-4yr a a a a a 0-4yr b b a c n.s.
5-8yr a a a a a 5-8yr n.s. n.s. n.s. n.s. n.s.
9-12yr a a a a a 9-12yr a b n.s. n.s. n.s.
13-16yr a a a n.s. n.s. 13-16yr a a n.s. n.s. n.s.
17-19yr a a a n.s. n.s. 17-19yr a b n.s. n.s. n.s.
20yr a a a n.s. n.s. 20yr a b n.s. n.s. n.s.
LaT-soL Relative LaT-soL
0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr
0-4yr b a a a a 0-4yr n.s n.s n.s n.s n.s
5-8yr n.s. n.s. a a a 5-8yr c n.s n.s n.s n.s
9-12yr a a ns. a a 9-12yr n.s. n.s. n.s n.s n.s
13-16yr a a n.s. n.s. n.s. 13-16yr a n.s. n.s. n.s n.s
17-19yr a a n.s. n.s. n.s. 17-19yr a n.s. n.s. n.s. n.s
20yr a a n.s. n.s. n.s. 20yr a n.s. b n.s. n.s.

Table 5. Significance level of differences in mean values of shank length and Achilles tendon parameters in Kenyan (bold) and
Japanese population among each age group.

Lgpank: Sahnk length, CSA,: Achilles tendon cross-sectional area, Lar.gas: Gastrocnemius-Achilles tendon length, Lar.go,: Soleus-
Achilles tendon length, Relative Lat.gas: Gastrocnemius-Achilles tendon length relative to shank length, Relative Lt.go,: Soleus-

Achilles tendon length relative to shank length.
a, b and ¢ show significant differences among each age group at p < 0.001, p < 0.01 and p < 0.05, respectively.
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Figure 11. Comparisons of shank length and Achilles tendon parameters between Kenyan () and
Japanese () population at different age groups.

Lepank: Sahnk length, CSA,1: Achilles tendon cross-sectional area, Lat.gas: Gastrocnemius-Achilles tendon
length, Lat.50.: Soleus-Achilles tendon length, Relative Lat.gas: Gastrocnemius-Achilles tendon length relative
to shank length, Relative L,1.o : Soleus-Achilles tendon length relative to shank length.

*** **and * show significant differences between Kenyans and Japanese at p <0.001, p < 0.01 and p <0.05,
respectively.

31



Figure 12 [XPNIIBERE 5 A T2 B 2 AR EERI] - AFERIIC R L2 D TH D . FHHE (F(5,643)
=7.13,p<0.001,12=0.05) , PPk (F(5,643)=3.35p<0.01,12=0.02) , fH/E (F(5,643)=
9.70, p < 0.001, n?=0.07) (2B T AREXFEHHED 2 HHRIZZBEMNRO bz, TREIC
KT DIHRRCIRBN T, AFEXFEETED 2 ZRIAZ AT bz -7z (F(5,643)

=2.21,p=0.0512=0.01) .

Table 6 (Z RURIERE A il T RE 0D NFRRI, 45 A- IR OO I o0 Lol A 7~ 3. MR i
=7 NTO0-4 B 17-19 BRSO T, BARNTIL 0-4 DD 13-16 sifif, 17-19
FRRED D 20 EEICMT €, REVEMEHZ EABICRWMEZ /R L2, PRS2 W
ROEETIE, =T NI 04l L 0 5-8 BN A BRI/ P SWEE/RL, HARANLO0-4 5%
BEMD 13-16 mEEEIC T T, KEVAEMBHE CAEI/NSWEZ R L. PRRAICB VT
X, 7=7 NEBRANE BIZEFHER THEREVITRO bnRnoTc. METIE, 7=
T NT0-4 5EHE & 5-8 R, 13-16 e L 17-19 kBt TR E WEEREENA ZEIC K E VB AR
L, AARANTIXO-4EEEND 17-19 BEC T TREWERBHZ E A BICRKE WEEZ R L

7.

B, FRECHTIHREOEAICONT, FEMETOr =7 AL ARAANDOKEET
X, 7= AR AARNL LR L TETOFERETHRICEVMEZ R L. (Figure 12) . /&
1X, 9-12 7KK, 13-16 ikHE, 17-19HE, 20 HECTr =7 AN HARN LI L THEIZ/NE
VMEZ R L7z (Figure 12) . PLRIRAA 1% 5-8 kifE, 9-12 mkit, 13-16 7%, 17-19 ki, 20 7%

BECHT =7 A AARNE B L CHEICKE W4 R Lz (Figure 12)
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L Fas MG thickness
0-4yr 5-8yr 9-12yr 13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr 13-16yr  17-19yr 20yr
0-4yr a a a a a 0-4yr b a a a a
5-8yr a n.s. b a a 5-8yr a n.s. a a a
9-12yr a a n.s. a a 9-12yr a a a a a
13-16yr a a a b b 13-16yr a a a a a
17-19yr a a a n.s. n.s. 17-19yr a a a a n.s.
20yr a a a a b 20yr a a a a n.s.
Relative Lras MG pennation angle
0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr
0-4yr a a a a a 0-4yr c b a a a
5-8yr a b a a a 5-8yr n.s. n.s. a a a
9-12yr a b n.s n.s. n.s 9-12yr n.s. n.s. b a b
13-16yr a a n.s. n.s. n.s 13-16yr b a n.s. n.s. n.s.
17-19yr a a n.s. n.s. n.s 17-19yr a a n.s.
20yr a b n.s. n.s. n.s. 20yr a a o n.s.

Table 6. Significance level of differences in mean values of medial gastrocnemius muscle architecture in Kenyan (bold) and Japanese
population among each age group.
MG: medial gastrocnemius muscle, L,: MG fascicle length, Relative L,: MG fascicle length relative to shank length
a, b and ¢ show significant differences among each age group at p < 0.001, p <0.01 and p < 0.05, respectively.

33




(cm) 2 (cm) MG thickness
8 Fkk
4 F & i i 3 i
[ | 1 I E
| |
2 L
0 0
0 4 8 12 16 20 0 4 8 12 16 20
Age (yr) Age (yr)
) Relative Lg (deg;\/IG Pennation angle
30 30
25 |* 25 e
20 g T kg B 20 | i i * i E
15 T i 15 .
SN E
10 10
5 5
0 0
0 4 8 12 16 20 0 4 8 12 16 20
Age (yr) Age (yr)

Figure 12. Comparisons of medial gastrocnemius muscle architecture between Kenyan (H) and Japanese
(™) population at different age groups.

MG: medial gastrocnemius muscle, L, MG fascicle length, Relative Lg,.: MG fascicle length relative to shank
length

** *and * show significant differences between Kenyans and Japanese at p < 0.001 and p < 0.05, respectively.
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Figure 13 13 /& BAS T RE 2 M HER] - AR R L2 D THDH. MAar (F(5,643) =
6.30,p<0.001,12=0.05) , /if (F(5643)=5.79, p<0.001,172=004) , HIEE (F(5,643)=
2.27,p<0.05,12=0.01) *fHHE-MAar k. (F(5,643) = 2.89, p<0.05,12 = 0.02) =35\ T AfE
X AL 2 BRNC AR AAEAAGED Sz, RBEIT 2 I W T A X it o 2 22K

(SR FEAVERIEIRD e o7 (F(5,643) = 1.95, p=0.08, 12 =0.01) .

Table 7 |2 /& EVE M RE O AFER, SAFRHERH] O FEMEDO LA R 2~ MAar i, 7=
TN T 0-4 m&BED S 17-19 BEEEIZ /T T, HARANTIL 0-4 FHEA D 13-16 BEIZ /NI T, K
SWERIHEEARICRWMEZ R Lz, BRI O TZHIZEARAND A 13-16 DS 9-12 %
BEC L LA BN S WEZ R L. BIURRIE, 7=7 AT 0-4 i D 13-16 mltic it
T, BARNTO-4EHEND 17-19 RIS T TREVWERIEHZEARICRVWEEZ R L. &
B3 =7 N TO-4 BN S 17-19 IKEECNT T, HANT 0-4 5% BED D 13-16 kR0 T
T, REWVFRBIZEARICEVMEZ R LT, iR E-MAsrbtiE, 7=7 A T5-8 N D

13-16 IREIC T CTHEIZ/NSWEA R L.

MAAT IZDOWT, FFEIBEICK T 27 =7 N HRADHETIE, 7 =7 NI 17-19 5%
BE, 20 CHBICEN o 72, BBMEOTIHTIE, 5-8mkhf, 9-12 /A, 17-19 HE, 20
WEECr =7 ABEBINSWEZ R Lz, BEIE, 5-8ihE, 17-19 mft, 20 it Ccr=
TAD, AIRRIZ 12 CARARNHEICEN -T2, fiRE-MAar tbiZ, 5-87#F, 9-12
e, 13-16 mkhE, 17-19mkHE, 205&BECr =7 ADNA B/ EVWEZ R L7z (Figure

13) .
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L foot L forefoot
0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr
0-4yr a a a a a 0-4yr a a a a a
5-8yr a a a a a 5-8yr a a a a a
9-12yr a a a a a 9-12yr a a a a a
13-16yr a a a b a 13-16yr a a a n.s. n.s.
17-19yr a a a n.s. n.s. 17-19yr a a a C n.s.
20yr a a a n.s. n.s. 20yr a a a a n.s.
MAAT Foot lever ratio
0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr 0-4yr 5-8yr 9-12yr  13-16yr  17-19yr 20yr
0-4yr b a a a a 0-4yr n.s. n.s. n.s. b n.s.
5-8yr n.s. a a a a 5-8yr n.s. n.s. a a a
9-12yr a a a a a 9-12yr n.s. n.s. ns. a c
13-16yr a a a a b 13-16yr a a b n.s. n.s.
17-19yr a a a n.s. n.s. 17-19yr | n.s. a n.s. n.s. n.s.
20yr a a a n.s. n.s. 20yr n.s. a n.s. n.s. n.s.
Lras-M AaT ratio
0-4yr 5-8yr  9-12yr  13-16yr  17-19yr _ 20yr
0-4yr n.s. b a a a
5-8yr n.s. b a a a
9-12yr n.s. n.s. c n.s. n.s.
13-16yr a a n.s. n.s. n.s.
17-19yr n.s. a n.s. n.s. n.s.
20yr n.s. c n.s. [ n.s.

Table 7. Significance level of differences in mean values of foot architecture in Kenyan (bold) and Japanese population among each age
group.

Lior: ToOt length, L enor: fOrefoot length, MA,: Achilles tendon moment arm, Lg,.-MA,; ratio: Medial gastrocnemius muscle fascicle length-
MA, ratio.

a, b and ¢ show significant differences among each age group atp < 0.001, p <0.01 and p < 0.05, respectively.
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Figure 13. Comparisons of foot architecture between Kenyan () and Japanese () population at
different age groups.

Lior: foot length, Ly enor: forefoot length, MA, 1 Achilles tendon moment arm, Lg,,-MA,+ ratio: Medial
gastrocnemius muscle fascicle length- MA,; ratio.

*** * *and * show significant differences between Kenyans and Japanese at p < 0.001, p< 0.01 and p < 0.05,
respectively.
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45 REBRBIIBITIZ =T AL BARAADTIRER - HRFEEBOEV (BFFHEE 3, B
REZIZEZBEBLI-BETHRER - BRFEBOANER (F=7 AL BAAN) DOLHE)

Figure 1412, 7=T7 AL HARANDOEKORE S (HE, THRE, BE) L& TREWK -5
MIEREOREREZRT. ETOMBARKICEWNT, BEURREDPAETH L Z LIRS NT. £
T, BORE I L& TIRERK - iR & O CTHEATIEOREZITR o TofER, =7
ANEBARANDTHEE EMEER T % L AR &L O ToH, ZHERARALT (F=0.849,p
=0.357) , VATHEORENRIES L. £ 2T, {OHOIIcL>T, F=7 AEHAAD
WERERS 7 % L AR OFAME O AR LIcER, =7 NTBAAL Y AREICREWMEE

L7 (F=228.633,p<0.001) .

8-
40
—_—
: -~
= 30 g @ Kenyan
5 i O Japanese
E» g
¥ 2
S 104 @ =098, p<0001 @ =070, p<0.001
b O r=099, p <0001 0 O r=0.79, p< 0001 51 .
0 40 80 120 160 0 10 20 30 40 50 % . s
Height (cm) S Shank length (cm) . 4
30, ﬁ 30, o
= 3} % 3 . R
g > s} X
= S L? @ r=-049, p<00Q1°
< 201 22 Or=-025 p<0001
=) S 20 0 . . . . :
S E= 0 10 20 30 40 50
5 = Shank length (cm)
o [5) % .. o
L. 104 @ r=097, p<0001 o
- | @ =054, p<0001 .
: O =098 p <0001 g 10 O r=041, p<0.001 8
0 40 80 120 160 0 10 20 30 40 50
. o
Height (cm) Shank length (cm) =2
5‘ . S
{4 304 s L &
| T <
4 £ =
g S 2 'a
= 3 ® U @ r=-062, p<0001
<E( ) 0 O r=-0.19, p<0.001
S 24 L8 _'I?( 104 0 10 20 30 40 50
L o0 @r=088 p<000L & @ r=095 p<000L Shank length (cm)
0 0= O r=0.84, p<0.001 0 ‘ O r=095, p<0.001
o 10 20 30 0 10 20 30 40 50
Foot length (cm) Shank length (cm)

Figure 14. Relationships between segment length and musculoskeletal parameter in Kenyan (@) and
Japanese (O) population.

MA,;: Achilles tendon moment arm, MG: medial gastrocnemius muscle, L,: MG fascicle length, Lar.gas:
Gastrocnemius-Achilles tendon length.

***shows significant difference between Kenyans and Japanese at p < 0.001 (by ANCOVA).
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5. BE

AWPZETIE, =V — =7 AR LT REBEREFO TIRER - HITEZRORHEZ S 7>
L, ERNICEBRTL2HEAZME Lz, 612, =7 AOTIRE « FHIEEREBIC OV TH
W OENDR S L OEET L, 7=7 A=Y — MEFOERNICERT 5B BIREIE
U — MEFORIBD LN DRAORHED, F72137 =7 OHUIEMEICER T 5 & D7 57

Iz L7-.

5.1 Y — =7 ABELFREEERFEEZ S0 =7 A EhEEERFE O TRER -
IR RR DR & BEE 1 & DRAfR

INETOAET o —2RRE LIEMETIE, BOMAGEZAT 5707 —I3E7 0=
YIEa) I-=REVERESNTER, BV MATIZE - T, EEEROT L R RS
DHINL, MEOBERMMENBED LD, BT r=v 7 Ta ) I—%aRICT DAL
=7 AL FERIIN TS (Scholz et al., 2008; Raichlen et al., 2011; Barnes et al., 2014; Mooses et
al, 2015) . —H T, AFROFERND, =V —hr=7 NEFORH L L TRV MAar 28
MBS, BHEAOBEOERTIEE MAsr TR o7, 2%V, =V — =7 ABRFIL, 1t
kDT = LB A D= ATEWT =y ma ) I —TOETEAREIC LT
WL EEZ BN, MABEWES, EWEE LR LT, FREDZESKE MLy %
HAE U7-BR O PR ZFEMRIER TN S <D, LER-T, =V — =7 AEFIZBW
TIE, BV MAAT ZEN L CFRRZEBICO DD AMES L TW D afgetEndH 5. Sano et
al (2015) 1%, 7 7 VD= — NEF O EEBEE O TR =G5 O fh T Hh & & PERE AT
AR EIZAARNRF LA THRNWZ EE2MELTWD. T 7V I — MEFO
EEF PO TR =G HEREORHIL, =) — =7 ARFORV MAar B O FE%
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Mz 5REMEZ X2 b0 TH D, S6I12, TV — =7 AR FORFKLELT, BV
MAar 22, /hEWTZH (AR /MAar) bR S, B & TIHOMIZITA DM
BARAMR AR bive. LFFFD B0 T I HIE, EFEBFOX T I (BES M OKK D
T AV RT =45 I MA) ISHIST D EBIEIRTH Y, EBF O = 3L — {7 5
RT3 % (Carrier et al., 1994, 1998; Biewener et al., 2004; Karamanidis & Arampatzis,
2007) . BV MAATIZNZ T, INSWRMBEOTIbZ R LIz ) — =7 ABFOZH
ERIEREIE, TR =SAF ORMEIR ) & R S BFEIE N L7 ~ERTE DR TH Y,
TV = =7 NiEFENREDRORMOVEBHEEZA LT ENXD. ZHHDEDN
5, —fxOEEPREMEEFL ) — =7 ARFIZBWVTE, MAOR - 88T =
v xa) I —REENIRETRENRR L LNEZ LN, SRIIEDA D=7 ZADFE

MAERF L TV ZERRETHD.

KWFREDFERS, =) — =7 NRFO FRRFHREOEM L LT, PRI 5
R, REVIRA, MSOHEPHER S, 20, DRruniiEicbBb s T,
AR Z DR LB LR TELRND, oz VX —HEELZMA T
— " =7 NETOEITOREEM (Sanoetal., 2015) #XFF3T 2D ThDH. FHHE & B
FEDOBRIZBW T, SO OVETFIEEEOHERE R L (r=-034, p<0.05) . —
fxolE L RIEREEFICIEWL TS, —MRERN & i U CHIER A RN 2 L AN H Ty
% (Karamanidis & Arampatzis, 2006) . fHH O I (35 OEHME &2 RET HHEENK T Th
5. EWROGE, BAFHRDIZD O3 AT EN DRI, FHONEEN D72 < e
52 Lnb, BAEEETLEOT LT —HEREL/NS <72 % (Lieber & Fridén, 2000;
Blazevich., 2006) . AAANRF LKL CHWHEREZAFTLIZ) — b 7r=7 NEFITBWT
X, BRI ERFO T XL F—HEE LD RWATREER Y, B R ORHED DR A 72k

TICAMTB TV DL EZXAEND. £, ROMAsg tEWVHREZAT LY —hr=7
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NETOMHEE-MAAT X AARNRT L i L CARINE L, Bt L b AOMBRR
e bz (r=-0.56,p<0.001, Figure 7) . MiE-MAar th23/ NS WGE, REWEHE L
L C, 2 RAET ORI 7 )~ BT AT Bk 3/ & < 72 % (Lieber & Fridén, 2000) . 7 7 U
ADOxTY — MNEFIL, EEBHEMT O RS AEE(LEN NS LS (Sanoet al.,
2015) , THBIT/NESWVIRE-MAAr lLZEE L TW D AlREMED @Y. F72, T 7 U D
TV — MEFOEEEHEH A O 2B A E A (L EN/ NI WD LT (Sanoetal., 2015) , =V
— N =7 NEFITE MAar TRBEIZEEE LT < LTWDHD TR, £V MAar 215
22LTC, NSV EBIEI T ENELF T H 2R R  RBIHISE ML 2R L TN D B B
5. LT, =U— hr=7 NRFOEN R )FEE FHE & 35 R 7e THEO ik D #2
L#E\ (Sanoetal, 2013, 2015) (%, LRCO X 5722 FEREHR - FHIEERE & EIMEOREIZ L D

boLEZLND.

T L AREGREIZ OV UL, BRI T % L AR O BB ) LA B R85 IEO M BIREMR S
Wb (r=038, p<0.05) . HATHIZETIE, BEER 7 F L AEARVAIZE T =2
Jxa ) I—PEnERE SN TEY (Hunteretal., 2011, 2015) , ABFZEOMERE L L —FK L
TWh. BATHIECIE, BEWVWT F LA X - THREOMEEABMNL, #ET L —3E
DEFIR S D 2 & THRBYRED BATREIC/R 5 LB S TS (Hunter et al., 2011,
2015) . L22L722dih, 7 7 U o=l — MEFIEES) (Sanoetal., 2015) A& » B
7 1E®H) (Sanoetal., 2013) DO#EMiH, 7% L Af@EOHE « A EILH ARNETF L i LT
RN ZDD, BWMAAT E/NSWTZHIZE ST, 7F L AESOEI PR E T
LAREMEZEEE X DL, =V — M =T ARFORWT F L AME, EEEY, ML R L
O S, BES R L — DI EZ N EE 5 L0 b, EEhOEOMEEE X0
Z, THXRLVABOWEFIET (A7 4 7R ADIET) RS 5 LICEBRL TV D ARl

Nd& 5 (Wren et al., 2003; Peltonen et al., 2010) .
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5.2 Y — =7 N\ LT REBEETF L 7 =7 O—fkkE L REET, —RERAD
TRREHR - HREROEN

TV — =7 N EFRBHEFORE TCH o TRWIEER - © 7 A7 % L AR,
FLONRIERE A R R, BV MAar L/ S WO TZHiE, =7 Hao—ik% ke k
R IEEBET & Rl BB 21T > TO R WD — KA BYEIC B W T H RRRICHER Sz, oF
v, r=r7HEOx= Y — Bk LR REFERT ORI RN T X L AR, MAar &

I, =7 NP HE L7 R T 2 IRetE D @,

BERERG 7 % L AEESST F L AT — A N T — AR ORPEMESNTIE, BEILE-TE
NENORINIEINT 52 (Waughetal, 2011) FH (BEESCER) A1 X0 E%L
=55 Z & (Waugh etal., 2011; Sheehan, 2012; Rosso et al., 2012) 25 S TW5. L
L, FL—= 7R REICE 2SI OV TOREITR Y520 Enh, =T —
=7 NBFORWHEER 7 % L AL MAsr 137 =7 ADBIERS =7 HUll O BRBEIC &

-2 JRL: ARVIER SR OY g AR

=T, HERICOVWTI b == 7V RREEIC L DEICO ARV RS TV D, 12
rABO~Z Y hL—= 7 k> THHRIFEL 725 (Murachetal., 2015) . £7=, 5
FERTRIZE LS BEO B 555K & RHHER OEIRO ATEBREL O WA R R I8 2 JET
Z & (Venkataramanetal.,, 2013) 25 I TW5. ABFZEIZIWVTIE, ELITE (5.17+0.43
cm) , RUNNERS (5.19+0.58cm) & CTRL (5.05+0.69 cm) DBEIERE DA R R, 51T
FTeDHARNT 7 — (5.36+0.72 cm; Abe et al., 2000, 5.7 + 0.9 cm; Sano et al., 2015) <°H A& A
—k A (5.69 £0.75 cm; Abe etal., 2000) , F—1z v 3O A (5.68 = 0.94 cm; Sano et

al.,, 2013) L CEMN-T2. DF D, =) — " r=7 NBEFOBEWHRIZOWTYH, 7
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=7 NOBBIEITRIEICL DR TH L AREEREWEB L OND. HIREICEEZ N

ETEBETITRENERIZOWTIAS B L TS RER D 5.

Magnusson & Kjaer (2003) %, 7% VARSI ClEL 27V =—2 a3 L LvD T o) —
EHET T =IZBNT, TRV ARBBEERIOEDDRREO NN LEREL TS, L
UM S, ABFZECIX, ELITE & RUNNERS O 7 & L A JEENT i f&IL CTRL & kbl L C

BElZ/N&ho7- (Figure 8c) . Sheehan (2012) 1%, WE&EILT % L AJEAESTEAE & IEOFH
BBAMRICH D LA LTERY, ABIETSH, REEHIZY O7 F L ARETHRARIZ ISV T
BHEMI THEREVWARD bR hoT. ZHHEDRMNG, ELITEIZHEO DA LHMNT F L
AWML, To=r 7 b= I K D RRRREIS TR <, B ERREHEEFO/N S

FEENZELLLDLEZEZOND.

5.3 REBRRBICBITB =7 AL BARADOTIRE - HREBEOEN

KR DOREBEED—Er =7 NE AARAND THVEH - EEIL, WCORAR A AN Z 5t
Gp L L= Je1THEZE (Morse et al., 2008; Waugh et al., 2011; Waugh et al., 2012; & 1 & ¥+

2013) E[ARIC, FLIRHINORAIIE TOr =7 NOBERH T F L AR, PRIBEIE 75 R
B, PHMRA, BIE, MAarZREWVEREHEEREVEZTR L.

RHEEBEDr =7 N& ARND TIRER - FHRIERERZ LI L72fR, 7=7 A0+ & biE
[THARNE AT 5~8iREN SR WVIEER 7 % L AEZ R L, 0~4 RSBV R & 7R
L7z, TNOORERMNE, =V — =7 NiEFORWBHHRICERT 5, ROBHER 7 %
L A LN SR O FEHUL 7 = 7 ORISR LT 2 ATREMEDS V. BERERS 7 3 L A Jigk
FlZOWTIE, TREEEWIECHBEBMRIZS S Z EhMEINTWSH72® (Rossoetal.,

2012) , =T AN CHERESNT-E W TR EWPHER 7 % L AJRICHE L T\ 5 AJREMEN H
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D, LDLRNRG, RTOREEMT, =7 A0 FREIZHT 2 BEIER 7 % L AR OF
FIFHARNE B L THRICKENo72. EBIT, =7 NOfRE Ol & THREIZxE
TOMROEIGIZAARNE B L CTHRICE -T2 LD, 7 =7 NIHEER HilEE &R

BIOEDOEDDEIENHRNEHRTRENVWZ ENREZOND. £, AEOTr =7
ANDF EBEOHEIER T & L AR & HRE 2 BT e O FERORCK (Morse et al., 2008;
Waugh etal., 2012) CHA (KO LXK+, 2014) OFEHLEOEELKLIZEZA, =T
ANDF-ESLEOPEERET F L ARIE LS, HRRIEN -7, 7205, =V —rr=7T A
BFEORWIEIER T 5 L ARESEWH R, BInECIREORELZ 72, 7=7 Nk

TROLNDHNDVHN DR TH L EEZBND. —FHT, r=7 A& BRAD T
REMREOBRIZIENT, =7 A& ARANDHEIFEBUTATHITFRO bk o7o 2 &
ND, FEEBREOHHREDWEMOBRENHARANE 7 =7 NTRRDRMERH S .

REERHEIEICOWNT, MAATIZHEEILUBE TS =7 NITHAAN LB L THREICES,
— 5T, HIREICOWTIE, F=7 ADPEWEmZR Lz, ZOR, FEMUERTr =7
AND RO TZHITAARANE KR L THERINSWEE R L. 2F0, = —Fr=7
NEFOE W INCERT 2RV MAar /N SWEBEIO T L, BEBRMETREE L
THER CE D7 =7 Nl L2 PRETH 2 ATREMED @V, MAar 3B E & & @V IEDOFHRS
BfRICHD Z Lvb (Raichlenetal., 2011) , 7 =7 NIFFEFEMEICH T HHEE ORERENH
ANEV BREWVATREMR & 5. HH D DA E TO MAAT IZDW T, BRKA2ED
ATE TIEFE S TWRWIZD, 7 =7 NEFA OBE ORCR ORI DWW TSR S b

IRHBRNMLETH D.

44



5.4 AHFED J5 iim L DRI R

AWFFEDIRA R E LT, PLFORPET NS, HHFERE 1« 2 O L R EREESEF o5
B OFHEE, ETOMREICBNT, FLCREOREEMBNT 20 E LW TE 20
ofc. o, ARIIMBFEHEELZERAEL 7y =7 xa )/ I—%iHMiT 2 X& Th-o
oo L LR s, =7 NEFL HARNEFRIIESORL LS5 - REBEEE ML —=
YT EATOTERY, BARSTZNESHT CIXEMRICIRAHE RS2 Z L3 Ly, o

728, AENXIAAF A a7 ) v 5 —T Ly A7 AEAWCERBEER D OFTMME1T - 7-.

WFIERRAE 3 ClE, HEWMRRITHIT 2 TIE - HTERORG 2T, BEOREL K
ST o85G, AR B L CHA - MIET 2 & Th L2, = 2 FofiE
DD, AT CIIBEBIOFE A K- T - MEZ 1T/ o7, 2070, FFMEETO
PEREIVIIRR Y, FIEEC K o UL o I AEDHRIN NS < o TS, %I, #HEtkr
A X DA IRETH 5.

72, AW TOBFTIILEIC LD MAar DFHIE, Scholzetal. (2008) 73 7= K4k
DEEMGE N HRDIAEL Y /NS WEHAICH 72, L Laed b, @BEKEGHHEH S
Nz MAATENE, AR OB EHRE 55RO 7= MAarfE L Y b, 3 ¥kt Magnetic resonance
imaging 75 CX 0 EfEICHEH S 372 MAarfEE (Hashizume et al., 2012) &3tV & & [R—#iR

FZCHERLTBY, A0 OBUVIIEHIICIZEZE L TN EZ 5N 5.
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6.

1)

e il

=V — b =7 ABE LR REEERT O FTIVER - EOREBIRE S LT, BWIEE
7 % L AREE MAar, BEWPIBEIER A H, REWIRA &/ S ORI A T,

INSWRBEHEIOT I, HRE-7F VARE—A L T — AR HER SN, K
12, MAar, I TI, HiRE-7F L AJEE—A L N7 — LB ER & G

LTW5.

TV — b =7 NEFORE L THREH - B0, SERIERSL L —=2
TIZXoTHERENET ) — FRFORIRD SN DFHETII RS, =7 A—Mhk
ABHEICHIE L TRROLNLIRETHS.

=T NORWVBEHER T % L ABELIS O TRER - SEEROREIL, FE B TR

p=418

HHND =7 NZ3kisE LI JERBRIFHE T H 5 rTREME DS .
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