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Abstract

It is believed that East-African elite distance runners (ELITE) possess the specific muscle-
tendon characteristics of lower-leg as compared to Japanese and European distance runners.
This study was to examine the specificity of the musculoskeletal characteristics for ELITE
by comparing the musculoskeletal characteristics of lower-leg between ELITE and other
East-African runners as well as general public. Three East-African groups (ELITE: n=18,
Trained runners (RUNNERS) : n=34, control general adult males (CTRL) n=34) were
recruited. Their Achilles tendon length, its cross-sectional area (CSA) and its moment arm
as well as the medial gastrocnemius fascicle length were measured by ultrasonography. The
results clearly showed that the Achilles tendon length, its moment arm and the fascicle
length did not show any significant differences between groups, respectively. However,
Achilles tendon CSA was significantly greater in CTRL than in ELITE and RUNNERS.
These results suggest that the musculoskeletal characteristics of lower-leg for ELITE except
for Achilles tendon CSA were the racial characteristics of East-Africa area rather than the

results of the training adaptation.
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FETRIFIETRE, WT 7)) HilE
& o Fe b RS T o BB K& TONGHE
FHELW. ESoBRMNZREDIIHERL,
ZOMSOERERES ) &4 OWFEE I
RN - ALFMIm A S 7 7 —F L TE
72 (e.g, Saltin et al, 1995a,b; #£J11, 2012). L
LS, REBEERDICHEMRTSEE SN
T & 7o KRR FEIGE S FLER LB B
W, W7 7Y hERPREE®EFICH
TR RS 63, ME—, E) ofEE (7
YV ITa)I=) PEVWIERHRE SR
TWw2 (Saltin et al, 1995, p. 214; Saltin, 2003,
p.23).

WA, 7THF LU AME (Hunter et al, 2011, p.
1497), T B #E o 5 R & (Blazevich, 2006,
p.1010; Fletcher et al, 2013, p.2319), 7% L A
re—2x > 7 —2%E (Scholz et al, 2008, p.
3269; Raichlen et al, 2011, p. 304) 35 v =~
FIa I—\IwBE RIZTEEIconT
WMET SN TWwb. Scholz et al. (2008, p. 3269)
D —febE LR RIEHEEFE S L L2HIZET
i, TEFLABE—X Y M7 — 20 00IEE T
Y2y rxa I-FEl A EHEL T
5. —HT, /7 7)hsEozY) —
Be rh REFHEE T2 0 QI L7728 - il
B9 %34 (Kunimasa et al, 2014; Sano et al,
2013, 2015) TiE, HARAOTY — MR RPE
HEhEFERL I —u v KA L R LT, H
77 s g o ) — bR AR R
FOTXFVAREZDOE— AV M7 —21FE
¢ (Kunimasa et al, 2014, p. e272), PNHIBEIE
R R ERE SN TED (Sano et al,
2015, p851), 7F L AEE—A Y P 7 =241
OWTIEEH (TAAF 227) L IEOHBM
BARD 5N TWwb (Kunimasa et al, 2014, p.
e272). Sano et al. (2015, p. 857) 1%, ki T
AL 7 7)) A go by 79 v F—
FEA O TR G & 7 M T RE A 5 B 45 Hy
rh O NG 5 R O J A =, G EiE, 7TEF LA
JRERRE LR DA RIS B A RIT LT b &
HLTWwE. MAT, ESETREHREOD %

WG & T Bk ENE 24T ) 2 & AR
ENTHBY (Sano et al, 2013, pp. 1397-1399),
%5 DR OMEE - Fi OIS B (Sano et
al, 2013, 2015) 2RO L Wil E) (FE o,
1987) ZWEEICLTWA EEZ LN 5.

INLDO—HDMEE RN S, LT 7Y%
Wi g o) — M EELPREEHETFO TR
DEKE - HIREROREIE, %S ORFEN LR
FEATR R FERIIIHE RN < WREEDSD 5.
LALads, K779 sory) —
MEE R REEERTCROONZTHROEE
RSB, K7 7020 ) — MELBER
HERFORIED LN WML DD, T 7
V H MO N 2B L2 TH B ohIE
HOEMPENRTWRW. 22 TR T,
W7 70 hisb o) — bR LR
BEFRICEOLND THOSK & HhIEEOIF
BT 7)) IO N A2l L2 RE T
HD LV FHAE T2,

C O EMEET B 72 OISR, |T
7 IR B o) — bR R
BT — P FRE b REMEET, —8K
NBEIZ BT 2 T O SR &I E % 0l e
L, 77 st o) — b RR R
e T I2R 0 b B TR OEH & Hi I E
OYFBAIT 7 1) 7 o B I8 L 74
mThrorrHLNITLEIEEHNEL
7z

&
e

WeBREZ, £y, R Fii
FHERKEFEFOXA Vv — L EBERSICHE L,
ANEREBOH 5 1) — MR b R s
F (ELITE) 18 %4, Fe Lrp REBESEH % 5 4F
PLE#ERE L TiT o TV B EN K& L XL
OB TR L EHEE#ETF (RUNNERS) 34 4,
Bl BB 2T T n—KAB D 2
v hu— )V (CTRL) 4% & L7z, &To
g r =T IRk F T 0B
& L7z BRE o BRI RERL L 5k )1 (TAAF
A a7, Spiriev, 2011) & Tablel 1277, F
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BIZHEV, TORIRAEHT RS PFEBRICHES
HRBEERIC L B RBEHTEBLAE (K
s 1021, 11-22).

Table 1. Physical characteristics and endurance running performance.

ELITE (n=18) RUNNERS (n=34) CTRL (n=34)
Age (yr) 248 £5.2 259 + 45 243+ 48
Height (cm) 1718 =75 1721+ 73 1714 = 7.6
Body mass (kg) 570 +53™* 582+ 56 * 63.8 =85
Body mass index 193 £13* 197 £ 18 * 217+ 28
Shank length (cm) 39.3 + 2.6 39.0 + 2.5 39.1 + 2.5
Foot length (cm) 264+ 1.1 26.2 = 1.3 26.6 = 1.3
Forefoot length (cm) 113+ 13 116 = 0.8 11.3 + 0.7
Endurance running performance (IAAF score) 1207.7 £ 416111 1043.7 £+ 86.7 -

Values are expressed as mean = S.D.
* shows significant differences between CTRL at p < 0.05

T 1 T shows significant differences between RUNNERS at p < 0.001
IAAF Score, International Amateur Athletic Federation Score (Spiriev, 2011).

BIE ERHE

REFFETIE, BRSO 8% P
X, BREREE LT, THRE, EE ®id
BEET7FLABE—RX VT — 2 E, JEYH
DT, HEEE LTI L AREEZ
OREWTERE, WNHIBEIE SRR, FIRA, 5
JEDRE % AT > 72.

L, BELE»O Ay —FHWwTllE L2 2
IO #0205k b im0 %6 £ To Ll
(B & 565 2 38500 2 5 ST 1S3 5
gFEL, 7y M=V EHWTHEL.
TV ARRZ, BEER T L ARBAITI L
LI AMGTFVARBITHOENENY S M
FHREFCcCoOHEEZ, TRENUPELT L
AEL S AT XL AREKE L L7 (Figure
D. WERER 7 % L AR, WEREM N - 24
M ORD 75U AP EL % 5500 5 16
FHEETL Lz ML B - v
A ORI, B k2EE  (Noblus,
Hitachi-Aloka. Ltd. Japan) ® B £— FiEzH
WS NS ORI EI R A S FE L, FEH
FiZx =27 L728, ThEhORIEIAT v —
EHWTHEMNLZ /2, #BEHEH ORI
BOWTTREDOREZZET 70 TIHE

Ju B
X 5

XS APEER T FLARELE S AT+
L AR O#EE&ZH M L7 (eg, Kunimasa et
al, 2014, pp. €270-e271).

7 F L AMRERTIAT I, B EE VT
b g AFEAE T O 7 F L& MR R A B
L (Figure 1), ZORGE LT F L ABEOK
AR R A SRSV 7 b7 27 (Im-
age ] version 148, NIH, Bethesda, Maryland,
USA) &\, 7% L AR, IRt % 5
H L7 (e.g, Kunimasa et al, 2014, pp. e270-
e271).

AR RE 5 0 5 SRRV, AR RE 5 o 5 B
TS BT 2 K TR & 3 0 Bl s 2 ot 330 T
DE S & L (Figure 1), IR 13 0 BEIE
MO L MO T A, HFIEERE
TR & R ERM I F T A TEEACAE S HRE S L
720 AU IRAR U 7288 5 5 A0E W e 1 & ) 4%
A5HY 7 b7 =7 (Image ] version 148, NIH,
Bethesda, Maryland, USA) ZHWTZFNEFN
L 7=

THELABE—AY T —24 (MA,) (&,
R B A s 2T AN - RO TH &
5 5 # 4 (Lundberg et al, 1989, pp. 96-97)
T L AR DA AR % RS S R &
L 72 (Rugg et al, 1990). #lll & 188 & I 2 1%
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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 (Ly,), pennation
angle ( # ) and muscle thickness were measured
from the sagittal calf muscle belly of MG by

ultrasonography.
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%L (Figure 2a), W5V 7 b7 =27 (Im-
age ] version 148, NIH, Bethesda, Maryland,
USA) ZHwWT, W-ILEROTHEE T F LA
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L AR 2 2555 L, Ho, €hZh

NHLTLHEME 2K &, ToOLmELL
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Figure 2. Measurement schema for Achilles
tendon moment arm and forefoot length.

(a) Ultrasound transverse images of Achilles
tendon moment arm. The distance from the tip of
medial malleolus to the center of Achilles tendon
(Lyea) and the distance from the tip of lateral
malleolus to the center of Achilles tendon (L)
were measured by ultrasonography. The distance
between the tip of medial malleolus and lateral
malleolus (L,,,) was measured by Martin Breadth
Caliper. (b) The forefoot length was defined as
the distance between the vertical projection
from lateral malleolus tip to the distal head of the

corresponding metatarsal.
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HEL L, ~ T ARG Ao E A H
WCHE B SEHIIL 72, BEEmERIC L S
Lyt Lo F72, BEEBEGE<LVF VB
REMERRIC L A MA,, DRV ELEEICZ X 5
1% % TN 3% 7% Intraclass correlation coefficients
(ICC) 1, ZM2M 0863, 0988, 0.945 (L,
Lao MAyp) Tho7z. RBEOTIHIEH
JEE%® MA\ THRLZ2fli& L7z, RiERIESE
5 HE G @ AF I S L R A s L
oK ENROTAR AL EEIZTA LH
FRASKIERREERTA2RME, E5HEEE
FEMORSE L, Ly z v Cahl
L7z (Fieox & Figure 2b ).

FLR = qurefuot / MAAT

FLR i Foot lever ratio GE2BffioTZ L),
Lforefout ‘iﬁﬁﬂ-ﬁ. MAAT liT‘\: 1/7\5@%‘_ AV
N7 — 4k

A COWEHE BTN THE Z 1T,
KA OV Z K HE ORFERE L7,

atnE

HREDHKWE T — & 3Pl & R 2T
RL7z HEMOBICIIHEYEL OB W»—3
KO3 H I 24T, BRI F 2R R0
AD LN AEICE, Tukey HIC X 22 EIL
BMEEZ VTR O EEREZTo72.
FERHLPIIZ 1, SigmaStat version 2.03 (Systat
Software Inc, USA) v, FMEHHOH
HABGEDfERERIE 5% Kifx b THEE L
7z,

TS

BN OIRECTH HIAAF A 27 T
ELITE 7° RUNNERS & IR CHEIZEWEZ
RL72 (p<0001) (Table 1). 4EHiE FRIE
ELITE, RUNNERS & CTRL TH & ZREWIZ
BOSNLE Do 72, REEL BMIIZwIhd
CTRL #% ELITE & RUNNERS X ) FEIZK
EWlEzERL7Z (p<005) (Table 1).
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THROEH - HEERBICIBVWT TRE,
RE, BIEEEMA,OWTRIZBWTS 3
HHMTEELREVIIRDO N o7 B
BT Z T, CTRL iZ RUNNERS (2~
THEIE Wi %78 L7z (Figure 3e). WEIERG -
LI AHT7* L ARE M (Figure 3a)
LMl (Figure 3b) & 12, 3HMTHE
REBVWIROON o7, —FT, TFL
A BEREWIIAL 12 B W Tid, CTRL 2 ELITE (p
< 005) & RUNNERS (p<0001) &lXTH
FIZRKREWEZ /R L7722 (Figure 3c), WE&E
b7z DT F L ARMBTHAICIE, KBETH
B AEERD 5N Hh o7 (ELITE : 1.09 +
0.18 mm*/kg, RUNNERS : 1.04 * 0.15 mm®/
kg, CTRL : 109 = 0.15 mm”/kg, p = 0408).
PN I B A5 0 15 2 78 UL, RUNNERS 0 34k
fiH3 CTRL L HERTHBICK S WEZ R L7
»% (Figure 4g), M# & (Figure 4f) & g
(Figure 4h) I2BW T 3HBICAEREVZ
RO LN o7,

£33

AWFgeix, W7 71 4 ®» ELITE, RUN-
NERS & CTRL IZBF 5 TR OEHK & filEk
BOLENLS, W77 b0 ) —
MEE R RFEEGETFICED O NS THROEHK
LI DR AT T 7 1) 1 Hidg o A 4 12
HE LM THLOPMIAET LI EEZHB
EL7. 2R, W7 7)) st ox
Y- MERHREBETFORETH- 2RV
WERERG - © o AH 7 ¥ L AME, vk
R, ROWT7FLAME—2 Y b7 —
AENEVWEEEHi O T (Kunimasa et al,
2014, p. €272; Sano et al, 2015, p. 851) %, ™
T 7Y A RO — S F e b KRR T L
Rl 22 BB 24T > T W— A B IS
WTHRBRICHER SNz, 2% ), /T 7Y
7 I B oo ) — YRR b R T
DM RENT FL AR, 7L ARE—
AV MT =N EECHEE, KT 7 h HR
DBl L7 TH B T REME DS E .
THFLARERLTFLABE—X Y M7 —
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Figure 3. 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 SOL
AT lengths relative to the shank length (Lg,.). (¢) AT cross-sectional area (CSAAT), (d) Achilles tendon
moment arm (MA ,q), () Foot lever ratio was defined as the ratio of the forefoot length divided by MA ,r. *
and ***: significant differences vs CTRL (p < 0.05 and p < 0.001, respectively).

(f) MG fascicle length (@) Pennationangle  (h) MG muscle thickness

(cm) (deg) ﬁ* (cm) = EIL_JIII II\EJERS
6- 254
201 CJCTRL
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Figure 4. Comparison of muscle parameters of medial gastrocnemius muscles (MG) for elite runners
(ELITE), trained runners (RUNNERS) and control subjects (CTRL).
(f) MG muscle fascicle length, (b) MG pennation angle, and (¢) MG muscle thickness were measured by

ultrasonography. * shows significant differences from CTRL (p < 0.05).

AEOWMESWTIX, BEICE) FhFh (Waugh et al, 2011, p. 1843: Sheehan, 2012, p.
OEEOHIM (Waugh et al, 2011, p. 1843) *° 227: Rosso et al, 2012, p. 485) Z L2 &h
T (REFERPEE) Y14 A0EE %2315 TWB2, PL—o v ZRBHRBREICL S
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AMO< SV Y L—o v FI ko THEE
352 & (Murach et al, 2015, pp. 100-
101) R, HHERERTRICE L HEOH 5 Tk
& EBR O RO BTG ERE OV R
W% K1T9Z L (Venkataraman et al, 2013,
p. 1240) 25 SN TV 5. KRHFERICBWTY,
ELITE(5.17 # 043 cm), RUNNERS (5.19 + 0.58
cm) & CTRL (5.05 = 0.69 cm) DBEIEH; O
R, BITMEOHAANT ¥+ — (536
0.72 cm, Abe et al., 2000, p. 1127; 5.7 = 0.9 cm,
Sano et al, 2015, p. 851) % H A& A—#% % A (5.69
+ 0.75 cm, Abe et al., 2000, p. 1127), I—a v
N — B A (568 * 094 cm, Sano et al,
2013, p. 1397) ZMEEL CTd ML, RIWEE
BN R MR D BB ST X 2 ENE 2 bR,
MREICHEZBIIZTENRZORESDE
BEANDEBIZOWTRSEMRFT LTV D
b,

Magnusson and Kjaer (2003, p.551) %, 7
FLAMEEMETIELZ) =Y a LN
DT F—LIETVF—D—EANIIBNVT,
T & L AR HRNGENARD SN nT
ERMELTWAS. L2 LARYS, RifFE T,
ELITE & RUNNERS @ 7 ¥ L iAW i F5 12
CTRL & LB L THEIZ/NE o 72 (Figure
3c). Sheehan, (2012, p. 227) &, HEEIZT
XU AR TR & LM BLRICH B & R
HLTBY, Rifggcd, KEEDHVOT
FUABEBMEREICBW KB THEERE,
VRO LN Loz, 2, ELITE TR LN
LT FLARIL, Fy=v T ML —=
ZIZK B RN LM TR, BRERRER
MEEFORERONSEDT F L AROM S
EBRLTY NN DD, B E DM
RO W TIIFEH 2R RO b 5.

Doz eh»s, 77 hibEihdo
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