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Performance and Efficiency of CroSs-country Skiers
in terms of Physiological Characteristics

By Takashi ABE, Tamotsu YAMADA and Akira HORI

The purpose of this study was to investigate the physiological characteristics of cross-

country skiers.

The subjects of the investigation were six healthy young men, aged 18-20 years, all of

whom competed in the cross-country ski race.

Three top skiers were members of the Japanese ski team selected from the intercolle.
giate competition and entrants for the World Junior Championships, others were collegiate

skiers.

All the exercise tests were performed on a motor-driven treadmill and all the subjects
had preliminary practice at treadmill running and roller skiing.

Maximal oxygen uptake was determined by Douglas bag method on exhaustive tread-
mill running and roller skiing with stepwide speed increased every two minutes on a slop

of 5° uphill.

Maintenance capacity of oxygen uptake was determined on treadmill roller skiing at

speed of 200 m/min on a slop of 6° uphill.

In addition, variable muscle strergth and relative muscle strength were measured.

Following results were obtained:

1) Cross-country skiers inclusive of top sklers had lower relative muscle strength in

back strength than the other athletes.

2) Top cross-country skiers had larger arm strength and 50% arm tractive muscle

strength than intercollegiate skiers.

3) Maximal oxygen uptake during roller skung was 95-97% of the maximal value ob-

tained on treadmill running.

4) Maintenance capacity of oxygen uptake was 93-94% in one of top skiers during rol-

ler skiing on a treadmill.
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cm CHAYEVMER T LI, - TERORBEE S
TLABCL AAEFENEWVELZR L, BAEESIC
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# 2 AR I CHENHS

#®£1 ® e
ALL-JAPAN(n:3) COLLEGE tna3)
Age (years) 19.0 18.5
Weight (kg) 59.4 67.7
Height tem) 1682 171.6
Chest Girth rem) 89.1 94.5
U.Arm Girth cm) 26.5 271
F.Arm Girth (cm) 24.9 25.8
Thigh Girth (¢m) 50.9 55.0
L.Leg Girth cem) 35.4 37.7
Total Fat (%) 8.6 9.2
L.B. M. (kg 54.2 61.6

#) Total Fat (%)=4.570/D—4.142
D=1.0913-0.00116X, X= LB TS +
EWETIEN (Rig, SAROFEK)

L.B.M. (Lean Body Mass)={&—&kigii&

ZHAETF 54.2kg, ¥4 ETF 6l.6kg LLAFREFEN
EEZ R LI,

N

BB OB LRG0 FHEER R LI 0N
E2Thb, 7rAHI VMY —RE—FERHIRTZLE
DEFER LICBRIEEC L5 LEFCEET 5 EHH
ik, 2HABEFC150.Tkg, HAEEFT 167.0kg &4
HEZRFENMECERZ R LS, ShEEFE 1lkg %o0
MR CTHE T 5 L& AARFEFN 2.54, LERFH
2.46 L2 D EARFEFENEEER LI,

ANy 72V =23 AF—BEBEEDLDODTHBN, &
hEBEEMNCES TS LB 5ENE IO
THBE, BINIEEREF) 46.0kg, FAEEFH
46.8 kg LIHFERAMBIMEER LAY, BOCKWTRA
HAZEFH 30.5kg L¥AEFD 29.0kg W~k E
fB% R Uiz 877 « ARG s TizgB kR
EENREWEER L, KR WT, £B4FEFEN
71.4kg, ZARFEN 73.3ke LIIFRABELETH -1
2, HRHHACECTUIEHARFEN 1.21 L¥EET
D 1.08 I HANKE fERRLic

E5|hk LUESIEAN

AF¥-BEFORBELEELLEINES LU Z O
50%; max DARIC L BEF [ HATOREHKRELR L
PONEITHDH, EFNCEWTIL, SHABEFL%
EEFOMICHBLLERZ DR -7, 50% max
DAFIC L BFEF AT TUL, SHARBFESHS
NENIfER R L,

ALLJAPAN (n=3: COLLEGE (n=3)
Back Strength (kg) 150.7 167.0
Grip Strength (kg) 460 46.8
Arm Strength (kg) 30.5 29.0
Leg Strength (kg) 714 73.8
B.S./ Wt. 2.54 2.46
G.S./ Wt. 0.77 0.69
A.S./ Wt. 0.52 0.43
L.S./ Wt. 1,21 1.08

* B.S.; Back Strength
G.S.; Grip Strength
A.S.; Arm Strength
L.S.; Leg Strength
Wt; Weight

£ 3 EBINBXCESRASN

ALLJAPAN n=3 COLLEGE n=3
Tractive Force kg 23.3 24.2
509% Tractive Force 52.3 39.3

BEARRERRE

Py FIARHWTOS vav ZB8Ir—-5—2A
F—IC X ZRKBFERE « ZRALEH - TAFRED
HEREY R LI DELTHD, V=V ILLS
RAMFREREIIEBAHEFA 4.30/min, FEFRFHN
4.661/min Th-71ch, 4E 1kg M b T 73.2ml/
kgemin, 70.7 ml//kg-min (B ASLEILDR
ot v—5—AF—FEPORABREEREIIL
AAEFEH 3.861/min, tk8E 1kg 240 Tit 66.2ml/
kg-min TH b, F4EFEFTIT 4.48//min, 67.3ml/
kg-min L{AEH 1kg 4 ) ORABREREIHECK
ERETLALRE o, BALDHBUZLEBRETF « %
ERFLIRI vV, »—F—-AF - IBHELK
EhERALRIED ST, BAFRIEITIEAREFC
BWTLT v=v 7BOENRKEL, FEEFTiIe—
5 — A% —EDMENKEN T,

r—F7—AF - IAFABBERELY S v=v /T
IBJAMBELE L, b AEEYRHA LD
DARE 1 ThHb, BdEVEILFEEEF 0.0.097.2%,
DLTEEAEFE M.S. 097.0%, £AAEE TY. ©
94.9% ThHY, FHETILAREEH 90.5%, F4&
BFEN 94.9% THhot,
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ALL-JAPAN(n=3) COLLEGE (n-3)

Running 192 183
HR max ..
Roller skiing 184 181
RR Running 70 60
T Roller skiing 60 65
¥ 0y mx Running ) 430 466
Roller skiing 386 448
. Running 732 707
VO,
2MH Roller skiing 66.2 67.3
ALL- JAPAN T COLLEGE
100~
Mean, e
— R o I
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EH 6, A¥—F 200m/min DEEAMC IS =
-5 —AF —BELRT-TEOLAREFE SS. KX
UZ4EF SZDORRFERRBEOE LR L O
K2 Ths, TERLLLMB « FRE - BRERE - 4
#H 1kg Y oBMEEREOE(LER LI, LHE>
WTHhBE, £AEEFD SS.1ZA % — b 10 48
HETIIMN 170 /2R L, ToBBLHENL,
15 4y BB\ T 180 #1/40c& Uit 60 4y B ¥ CF
FRIBPHER LT\ oo FEBFRSWVWTUL, 34ED
CEEREBETRT R AZ— Db —AT Y+ &
TEARBEMERL, A—17 9 MERIEERALLN
B Z LT BERIEOWT ASE, 2AFET
S.S. CILEBO 50 B/ HEIKEMLTW LA
F%ERL, 60 B CRAD 64 [@/F% 5 Lic, 4%
FIRLESTH L h 60 B/ LBV ERRL, A -1
7 v MR R\T 65 [E/ S DORKFEBICE LTV,

BMEERER, PR EABRAELEYRL, 2BAEF
S.S. Tik 10 FLBEFRBL RS LTy, F4%E
FIH/IA—-AT Y P ETHMER L, HE 1kg X4
D OBFERBECOWTHRS &, ¥EEF KK 22 H
FEF SS. LAKLEEE R LKL OMERFEIIE
HTERETHY, D 2HZOEERFIA—AT Vb
¥ CEBHREMERY R L, 2WT, BEAMC X
Zr—F5—AF—-WEENE—F—AF—-FBECIDIEK
MREREDF % bl s b EBRA L, % of Voumax
OEEER LR LILONR S THH, KAKEF SS.
RWLTIE, 10 48 % CEERYRL, L 30458
TRAMBETHS 97% RRLIbOD, (3IF 93~94%
DOEHETHEIR TV, L, 3 ZOXEEFCE
WCTOIEBIBRS L LA ARIEM LA - AT Y P IE
h, BEEERIOERYCS BhTw3 £AKREF
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TIXEFEREL RT3 WHEAARD PEEDE S Th -7
B, FERFTRLZOEYBL T o EhREd2 1
DTH5b,

AMEL (R 5 Ofalk - TR - BEBRROTE)
B LSRR D T, sESE AR - FL—2 L
BRI, FrAR VY —RF—BECECCHEBE
LITRTRTH D, BEREOENPOART, RbEDAE
LHOBHrBEI AR THHZ LA FADEETH S,
ZDXHIeT Ehb, ERECER S S4B
FIBACR M5 & LB 7 B O I B R R
25X TCOEBILBERLERBTHS S, FCT, BEE
TOBPRELIRRD SZOREEFLYHBLI LT L
y FIAETAY— V% 150 m/min & UERNS 3 B
HE8EETIESOFICIRDOr -5 — 2+ — ¥
DIFBRERROMEBER LA DONMA K LIV S TH
S0 B, FHEOHKE 1kg M) FABEERE
(7 v=v7) % 66~70 m//kg-min DEECTH 70
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Tidal Vol. { | )
“ ;}’%
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Dinfucovwta s e, KK & Y.I EHSOELE
& A IIFEBIC N Lich, WEOMICII 25 #/
poEiRHASLh, T.A. ZEF4AE»S 6ETHITE
BicimE R Lico BRI 1 EENT 2 Ltz s0
MEOHIME 8~9% ThoTos PWT, 3HDOHERE
D e —35 =A% —EEROREABRERECHT 546
U 31 B BFIEBUKAE (% of Voymex) KRB E, 3
RETIT 45~49%, 4 BT 50~60%, 5 Tik 57~65
%, 6ETIL 64~T1%, THETIL 78~80%, 8ETIX
85~92% DEEH -1, T, BWEERTIZIEND
8 EA~DEREALCH1F 5 % of Voymas & 5~13% O
BAEAH BRI, A ROWTARD & KK, (2 EAH
Ll BERMCEMT AEAR R LEY, T.A,, LY.
Tid 6 LSRNy A b, BRERER XU
R 1kg M) OBEENEIEMOBE & b
DAL R LI, BEEMEROE(LE L S BEMOB
FEER LI, BERER—ERESE LFREO-SDE
HEH/TORD T ENDLBHIOWTARDS &, —EER
EIMER 6 BB HEMOEESA AR LR, FFREEN
OEALT I CEEINT A EEE R L,

3 =

smAHV Y - AF-IABRERTEGH LTI
EBEHEETHY, TOBEENLLFRHAMREN &
DB D TEVCERLRD S LITFAMOHETH
B, LinLishb, BEERHCKTS M7y 7ER
FEHA R — FU—2L38Y, REOERSDEFE
ERARTREEFEERE TH Y, £ AR KT 5 BRE
HOBEVERERR G *RETHIAELERLD
FoTWHI ERELBLELE, ALy 27—k
5B b A G HRATIE Vo IcEh DERIe D
WTHBHOLENHS 5o ARRCEVTUL, AF—
BEFOBRBEYBE LICES NE LVZD 50% max
DATNC X BEFHANOWERTIn 1, FEi| i
BAERENEDLRAEVIC S 06T, BREEENN
BhTW5HEZEEFNOHEANCKELERR LI,
Dz liY, BEFOHLOBAMNEEARA - FOH
@MLK EREELELZ TWDIEETRBETEH0
ThH, BHOBAMPLERAARTHSDZ EHRLT
Who MEIbAEDA Y v, 2EFOKE LEHH
DRAFRERLIELDTHBN, ZrAH Y MY —2F—
Y-, BLOREESIV~T Y v ERITABEOEY
ALT 3, TR, APFRCHTH2EHFETORKE
1kg My OEHNL 2.41~2.76 TH B2, fBEHD

300

© cross country
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© (=3 ]
& 2.
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B
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100l . marathon
L 1 1 3
50 60 70 80

Weight (kg)

M6 REF) vy s BFOKELEHNOBIK

— R R TS 3.00 FIEOMED® AL \2 A
HEeEMCIR TV 5, EHITRCEROHRLT T
<, ke« TERIVESL S GDLENikihots
BELRDHDTHY XA+ 3y 7 hBREXTL BT
i3, BHHoRBH HEANEERS,

rrAA V) -2~ IRLEERBALENERI
ha B ABEREETH Y, BREORN LRRERE

HeERETAEENEL R T CRTE VBB LR

1kg ¥4 b o FABFEERED MILEY HEBEFR R
Bdhhb, 2DOZ b, BERDELEOIDORTRLHE
FLLTOBRABREEREOCEESY R TIDTH S,
AR BT HLAREFORE 1ke ¥ HORKBFE
ERB T 73.2ml/kgomin L, HoHaAY
Yy 7 HEEFED 74,0 mi/kg-min® LiiERMETSH

<
£
o
X 70
E
x
©
£
)
65
> ®  Y=0.255X-9.06
r=0.830
P<0.01
L ]
sol
L 1 1
250 300 350

SPEED {(m/min)
B7 AWEOWRREEEOARERTFTHORKER
HEWRE Vogmer) & A¥BFH 15km 5
FieB I sEHAEC— F L DRk
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h, FERFIZE\TL 70 ml/kg-min ##% T\,
LinL7eAin, RABRERE TRAHART L¥4E
FIKERENZORIEVIZ S Db b TR
K ERENBDOND, ‘

= 5% 1% Physical resource & Performance DB
RIZ2OWT, ARORABEEREYET5EFETH-
THLOBBRRCENADLR A &, ¥, AKO
BEEETH > THRABREREVNRIRD Z E2HS
MELTWB, 2T, BENIYERTARTELTE
FEBUKBEOHEREEN & ol Z E0# L bhD, A
B CTIRERAM TOMFENE O . =7
EFECEWT 11 ik A Y, EECEVEBREYEX
DL ARFEF S.S. LBEARFITOWTHRHN L,
Jette 5i3¥ FLTD 5km O AF —EEhOBEE
BPKHEEL 90% ThotctHELT5, MEBY bit
BHCBWTL 9% EVIBWEEZR L ERELT
B, AF—WEECE\TUL 85~95% &L\ 5 EVEE
ERKETORBENILELIRLTHA S, 2K
FEF SS. Dr—F—AF—RKIZBEABEERECY
T 5 BEAMC KT S EEPO BERETUKET 93~94
% DEETHFEIhTE Y, 0% %82 5MEERA
BORKMICEAMRENEB LTV AH I EAHELAR
Teoloo SS. EENBRHAECEWTIIE LA ER—2 K
TVITHIEDRVEFTHY, TLAKES—2A%T
vy 7 THEL TORFTHHC L1, LROBEKEOHE
HENEETAZLOFNREMT ELBEDTHS,
—7i, FERFIEERELTRT LA -7
KE-TwB, cOZEit, BAEATTHE e
FF S.S. LFEAFEFOAKTING A HENE L BRER
KEDRR—Tha WS Z EicBERLTWAS EBbRD
B, Y U—EBF DAL - FLETORKA X — b hE
25T LIXEEARIC BT B R OZ B T & &
BEBREETLELOTHAS S,

FRAAV Y —AF—LZEWTL, KEABEABE
BEREY 1O ET5 I LR VCBEERRKEOHEES
BETD I ERTRRS STV BEY HAEHE

15 L RABFARRELBBRMR GEH) ortc

HEE52550ThHb. BCRLB I AR TORER
BUWCREGEHEENE L, ABOERTBT T\,
EREHRPCB/ET S - LABOERY L TH
ZETHY, TOZLHEBOEMC 2B THAS
5o ABFRICE W TIX, ERO 1EHIMCE> % of
Voymes DHIIME 37% B ETH ot Fho, BRERM
ik 5~13% DBMFRERUKEDOENZ LN, £ T

40+

Champion

o
<

Japan Top Racer

Record of 15km Ski Race (min)

-3
o

T T —
1960 1964 15'68 19’72 19’78 1980
Olympic Winter Games

{8 AFBEXY vEY Y, ZJuRB UMY —R%—
15km HHizB I 2REOLEE

HME e > TEBT 2 RARRERBCNT 58
FEPUKER L L Z L1, BYCOEFHOPROES
LT HREL LT, i, HrekiF3%R0OE
TERIETEAREZML - DDOEL LTHVBZ L0T
BThrEELD,

BAZEIBDTEPA Y v, 7 B L0k
1928 EDE 2@V v E Y » Y RKETH B, M, FEEEA
F-TIRREMEETAO 2EEfTibh T, B
BT 18km BEETH -7, BED 15 km Bk EH
STDFFETED ALFF o« vy VFRENLTH
5o 15km OEBOLBYHZTHE L, HSKTT LS
12 1960 4E5 5> 1980 4E % T 20 £RICH 10 Ho G
DA ENRD, HARFORE X1 2k T bRk
REMERDLND D, ERKELEEED Ly FLAD
BCRB b eEZRNRDORD, Lo Ll Lt
BB BTN Ticbii: 1972 £0V » K e kS TIE
EBRKECAE CEDTOTN S, &0 HITBIEEHHRE
DEENYRETHHOTHD, EEEHRMBNL I -
AAVEY - A —HBRPRETILERTRDE LD
ThHbo AMEVOLVBERKSTS 7exh v b Y —8E:
OFHENEA L CI i) I FETERITIETDH
%,

¥ & B
EEPBEOEN D 7 v AD v b Y — A+ —CEHRX
hBEhELHRHAETE, BBEABRSEREDCEN
TS 5 7200 Tirde  ZOMERRET & X OEAIE (b pk
BB OWT LB RT, b, B« e
AN DEH S OB E S TER LI,

ZORE, UTFTOoZ LBBELIA -,
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1) HHBIVHHRANCE VT, £BKEBFETIIE
ERFICIANBH O 50% EFIFANCEERZRL,
BEC KT 2BOBHRATIODBEEL B LI T,

2) MBHHHCEVT, £EARFERSIVCFEERTO
EHHOMIMUOFERMEE O—FET O BV
ERELMIIL o .

3) r—F-AF-WECIIBRABREERELS v
= VIR L BRKED 95~97% w35 L Bbh
50

4) rry FIAoEFISE, A¥—1F 200m/min
DOEFEATC BT 5 BFERKEOMFHECE T4
AFRZEF S.S. B AMEERED 93~94% DE KL
LT, )

5) BABEERECHTHBMEERKE (% of
Voymex) XIELTHZ LT, HAC I 5HROM
W, BABT AHRETY X TEAYHLFEHY
LTBENTED,

ok, APRET 5B LT, HIIMER GrRR.
TREHEEEAS) ORI BL L EHELET,

X [
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BHEERER: vyoR et ) vE, 7« 2E - 2§
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cal resourses) &EE)RE (Physical perfor-
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