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Stride Characteristics and Work Intensities of “Skilanglauf”’ in Beginners
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Abstract

The purpose of this study was to obtain fundamental informations about exercise prescription of
cross-country skiing which is effective in improving health and fitness for the people living in snowy
region. Totally 20 healthy beginners and middle-class skiers were selected as subjects and partici-
pated in the experiments to examine, (1) the relationships between the stride characteristics and the
physiological responses, (2) the changes in these parameters by training, and (3) biomechanical char-
acteristics of the stride techniques in beginners. The results obtained were summalized as follows :
1) From the point of oxygen uptake, this study confirmed the hypothesis that a stride technique. with
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longer stride length and lower stride rate is advantageous than a stride technique with shorter stride
length and higher stride rate at the same rate of speed can apply the beginners or middle-class cross-
country skiers as well as racers.

2) Although oxygen uptake increases proportionally with speed, there exist somewhat larger variance
which seemed to be affected by the stride techniques and the snow conditions.

3) The characterized EMG findings of the diagonal stride techniques in the beginners were : a) phasic
discharge of m. gastrocnemius in kick phase ; b) tonic discharge of m. tibialis anterior in gliding
phase ; and c) phasic discharge of m. triceps brachii in poling motion.

4) From the results of motion analysis by VTR pictures, a shorter stride length in beginners was
characterized by the following points : a) smaller leg angle at the end of kick ; b) insufficient knee fle-
xion of the supporting leg during the glide ; and ¢) smaller poling motion in upper limbs.
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Table 1 Physical characteristics of the subjects.

Subj. N Age (yrs) Height (cm) Weight (kg)
Male students 12 19.8%£0.3 170.2£1.7 65.3+0.7
Female students 2 20.0 155.5 57.0

Middle aged and Aged men 6 51.2+4.4 165.3%+3.0 61.94+4.3

Values are means * SE.
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FTIEULT ==y I kL BBERES S CIERB 2 R T 5 20 OMBIRIE 2 =ML 12,
M=oy 7, FEAF—-2HVERSZICONTINGE2 Bh b 3 HichdT, —HEM7Y
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Table 2 Physical characteristics of the subjects in longitudinal experiment.

Subj. N Age (yrs) Height (cm) Weight (kg)
CG 7 20.1:+£0.3 170.3%£2.5 64.6+1.0
TrG
Male students 4 19.41+0.4 173.0£3.8 66.81+0.7
Female students 2 20.0 155.5 57.0
Middle aged men 2 51.0 167.0 60.0

CG = Control group, TrG == Training group. Values are means or means * SE.
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U— (TKK #8) 2350, ALREBOFRSMARANO LB TEHI - A TOH AF I
LHEERBEY 7T —ICBT ATHHOMAKERLSRU 2, BIFERE, 198942 H21BFRIIRD 5
TR ETERUL, KB — 2 CHiK, BRTCHMEATH 1,

(2) BEORE

FE]BLOER2ICBVWTE, Ty 7 XTIyl EbBBRGRIzHE, OILEDE
FEOREM, FREBFEEAOERAE2ZERL T, tBEXEBNOBREOFROD Y Y A NE
BT ALY a2 TN EDTE—EBEm DT LY TFIRBOT, /=Ty IR I4TD
A% — (YAMAHA 8, CCSTD) 2#-TFATITF VLD ERETSS kmilziﬁz?%’%ft U7z,
AEROSSREMGE, ROAOBLOY, EBHRFZEL T, KRB LOCERIIFIEDFIRIC
< BREhol, 13EORAED S BRI, F1HEORERKO 1 A2Z2AFKE—5TTH-
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" Table 3 Changes in the ambient temperature between pre- and
post-training experiments.

Temperature (C)

Exp. pre post diff p
Control exp. 0.0+0.6 +1.0£0.5 +1.0 NS
Training exp. —~0.1%+1.4 +5.1+0.7 +5.2 P <0.05

Values are means 1+ SE.
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BB a4, TrEOEREE, M —=v/ZRio2 AEERIZVWLT NL—=y 7
D3IALEHTIEKSTC (P<0.05) b ERLE, BREBELEEN-3CTH- @30T
hb0CTH-T, RMEGAEHMZBL BRSPS LS KRIERV SO UERTH 12,
(3) BEIEmEH

BERREELT, HE, 7VYR, AMTAF, BESA L, ZRHEEEL, EERELLT,
DI ( TKK HBUME 2 €Y — 2 FH), BRENE (5772 - Ny 7)) 2RIEL.

@ FEHEE (speed)

1B EIFEES000m 21BESY 4 ATHRL, m-sec 'TRUT,

@ FvA& (stride rate )

TAT T NVEBEETEF Y I L, Ay CTERMERNVTHEST L2 —EOBEEZ 1Y {7
VELT, a—-AH100m OXEE2Y Y 7Y v Aok, BEEBRECERNIC EVEEL
FiF % 4 AR UESE%ERYD, strides sec ‘& LTRL T,

® A bF74 K (stride length )

FREXETORE#E K TRL, 2AROESEZEHEL m TRU,
@ A ( heart rate )

BRRE I TKK #8000 A ) — 235 X8, URL I,
® MZEEEE (oxygen uptake )

WRBIZT TSR - Ny FE2EA-THHL, BERB»S 6 ~10588 L TH» 5200m
DIEEXRBTLES~ 3 DERKA L2, BERTREESYAIBLOT T T2 - Ny 73S
LTEESE, BEINTIFRR, EXTAA -5 —THEEERD, vV IVHTA%H
KBRS BUREE T AN AF, 0, BLU CO, DEEARD, ml-min ' kg &L
TRUL Tz,

® BAMEENE ( Vo, max)

8.7% DEMESIL LY F - INTOFHARICLSE 7 ¥ =V VHORKATRO.L

3 ( Cardio-Super, HABR =RMBUER) B L UOIPEREIC L VBREBIE ZRE L 12,

3.8 e S
(1) BEE I#HEOBEERES JUCBEROEBENEEDE
BEE IHEOBEFREDSEE, Table 4I0RT LA KHEEBLTRA T FITBNTEEIC
Boh, BET.6m sec !, APTF4 FT0mbDENH-12, —F, TYRIIBOHTIRI
Table 4 Comparisons of the stride characteristics and the physiological

responses during 5 km level diagonal stride between begin-
ners group (BG) and intermediate group (IG).

BG (N=10) IG (N=6) Diff
Speed (m*sec™) 2.16+0.11 2.7840.13" +0.62
Stride length (m) 1.4640.10 1.97+0.15° +0.51
Stride rate (strides*s™) 1.59%0.07 1.4540.12 —0.14
Vop (mbmin % kg™ 36.9 +1.9 43.0 £2.6 +6.1
Heart rate (beats.min") 172.9 +5.3 177.8 +6.3 c+4.9

Values are means + SE, *, ** Significant difference between BG and-IG, P <0.05 and P <0.01; respectively.
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B b potcd, BEEZETIL, BRENED LOWREIE, [THOAHBRRLENOH
FOERBEETHED 212 NETREIZH - 1255, BEPOMRERA B X HEEH0. 07T H -
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0.65 (P <0.05) T&Y, A+I74 FBLAUBEENEOLEST VALV LFVOITZNL,

IBOBEE, 7+ (r=0.55 NS) BLUBHEENE (r=0.41, NS) IKfzLT, A
FF4F (r=0.06, NS) &OMEED» -1,

HECBERENESORBRRESB I IkOTRETAE, 2.0m - sec "OFEEITHY S
BEFEEEIL, BRICHT34.9nd- min kg, IEHCTHBVTIE29. 4ml- min ~lokg T EZE
WHBHM, 2.5m-sec TOFEEIZLHEBED3S. 6mle min kg THIIH U IBIIBVT S
38.2mls min kg TTEEA KL LB, BERENS2.Im sec T AEMABSEIIIEBE, THIC
BOT S BHEBIEIIAENE 45, 0nds min ~ kg T E—REA BT ORABREBIE O KA
FTELTOVI,

2) M-y I kBBEEND LCERZNGEOE(

M—Z v FHBO S S A 7T HVEHEECBE TS Tr BB L0 CHOBERED L%
Table 512, HHEENCEOLE % Table 6 IR T, CE741L, 2HEOMECHIZTHEE, X
FIA R, TYROThOFEELERLERRI LGP 12, UL, BEOEIKE L L) A4
DEOEEIRE L, MAKS SOBRENESEEETH >l bsd, 1HEDS 4
LEVH2EBOY 4 LDEHI VAU LB EELZES VK, BIC2EEHDS A LB TH
FLSHBIELEEL VW, COEIRIENS2HOT A MBI HHEDHEEDL0.43, AT
A RI0.27E WS EEESEDL - 12,

Table 5 Changes‘in stride characteristics of control group (CG) and
training group (TrG) between pre— and post—training.

Speed (m*sec”™) Stride Length (m) Stride Rate (strides*s™)
Group pre post pre post pre post
CG (N=T) 2.4+0.5 2.5+0.3 1.6%£0.2 1.7+£0.1 1.64+0.1 1.5+0.1
TrG
Male 2.240.2 2.74+0.1% 1.8+0.2 1.8+0.2 1.4%£0.1 1.6+0.3
students(N==4 )
Female 1.7 2.0 1.0 1.2 1.7 1.8
students(N==2 )
Middle aged 2.1 2.2 1.2 1.3 1.7 1.8
men (N= 2) .
Total TrG 2.0+0.1 2.4%£0.1 1.4%+0.1 1.5+0.1 1.6x0.1 1.7£0.1
(N=28)

Values are means or means * SE. *, ** Significant difference between CG and TrG, P <0.05 and P <0.01, re-
spectively.
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Table 6 Changes in the physiological responses of control group (CG)
and training group (TrG) during 5 km level diagonal stride be-
tween pre— and post—training.

Heart Rate (beats*min ™ Voz (ml‘min_l-kg‘l)

Group pre post pre post

CG (N=7) 185.4+10.9 185.945.2 42.6+2.5 44.1+2.6

TrG

Male students 163.84+10.9 180.6%5.2 35.9%+2.6 43.7+2.8
(N=4)

Female students 166.6 174.5 27.7 30.9
(N=2)

Middle aged 153.5 154.5 36.3 38.1

men (N=2)

Total TrG 161.9% 6.6 172.5%5.2 33.5+1.8 39.14+2.3
(N=8)

Values are means or mearns & SE. *  Significant difference between CG and TrG with P <0.05.

Tr#i, —RELVL 2HEEHOMEROASEHRBP S THEL, BEFBEVW D AT —
OEEEFETLTHY, BFEE4EBLO0ORFEE 2 ZTCRERZARICENLZHD0,
AT 4 FOBIMESEVRNED T2, BRABTF2EDBEE, #E, AM74F, 7vFK
WIhbbheha#EncsEE -1,

TrEOBTFREELLD b L —= v JTBERRIO LA S L OBBERE L, CEHIIIHXP
%@motﬁ,bvm;yﬁﬁm&@ﬁuvﬁwiaofméoﬁ%zz%bvw:yfﬁwﬁ
HIMWPRRBFELEH>THBY, 8HAEKRTHLAKTHION, BRENBRBEEL RV THI w
BinzRL 7z,

(3) BIEEOFERME

FROBOBEHEFOSES LOBEORLIT LY, BERGLBEFOEEZENEE TR
xnTBERLE, CEHOBFT7TRAICBVWTC 2RORAEIR BT 5FHHEIE, BEEE, A b7
AR, FUR, BRENEDLOMIBOVITNHEBNTLERLEREP 12500, #H4DE
OEENIKEP o120 SmDBEEI A LIZBVTIRX2EODS [ 2EZDF 23DRTH-12F L1 &
DHT, D6 ZITHNTIE4300h 5 8540 L DT I AL FADEE NG -1z, BED
FYRBIOREBENEIL BT 2HOT X FOHBEBHIZFNFNIr =0.74 (P<0.05) B&
Cr=0.73 (P<0.05) EVWThLEETH VERNICEP -T2, —F, BEBLUANIAF
ZBY B 20T A FOEOBOHEBEREIZENENr =0.43B L0 =0.2TCVLITNLHEET
otz DEBICHFVTIRVWTNOEDIAFEBRALKETH>2ILBHY
r=0.50FRBTREMP T

(4) FATITFNIZED 5 IR ERO/ELRE

FHEOH EBF 64, KF2LICO0T Iy FILEZLVBAKBREERBZAEL, B
FEROBEBNEORABEENEII VI AEHES LOMREBORS MBI VT 585 %
sk 7458 %, Table 78 kU Table 8 iIZ7RT . M, S EODEREKRTHEROFRN AFE R
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BB, 5 6 ~1058BB 01, 5~ 3 DM TH - 1245, HEFONEREIEL72. 5/ 4 L IBEHE
15 4 LB O ERIREOLHEOEHEELS. 0/ b e &EN 2L, MEOHELEDY -
f2 (r=0.95, N=35 P<0.001) &&, KHPOEED, 143.4m /55 L BELEKDFHHE
B4l 4m /03RS, TEOHEBELE» > (r=0.95, N=35, P<0.001) Z&hHHiEE

during 5 km level diagonal stride.

Table 7 Oxgen uptake and percentage of maximum oxygen uptake

Age V osmax Voy in skiing % of Vo, max

Subj Sex (yrs) (ml*min* kg™ (mlemin kg™

M. F. male 22 68.8 48.8 70.0

K. K. male 19 56.0 41.0 73.2

K. F. male 19 61.1 43.7 71.2

H. K. male 19 54.3 37.8 69.6

T. S. male 46 50.9 44.8 87.9

T. T. male 44 42.5 36.0 85.3

Male Mean =+ SE 55.643.23 42.0+1.8 76.2+3.1
N. H. female 21 43.6 30.4 67.7

N. K. female 19 42.6 31.4 74.3
Female Mean 43.1 30.9 71.0

Total Mean & SE 52.5+3.4 39.2+2.3 74.9%+7.5

Table 8 Heart rate and percentage of maximum heart rate during 5 km level

diagonal stride.

Age HRmax HR in skiing % of HRmax

Subj Sex (yrs) {(bts*min") {bts*min™)

M. W. male 22 198 174 87.9

K. K. male 19 189 165 87.3

K. F. male 19 200 179 89.5

H. K. male 19 192 168 87.5

T. S. male 46 166 161 97.0

T. T. male 44 196 177 90.3

Male Mean £ SE 190.2+£5.1 170.7+£2.9 89.9+1.5
N. H female 21 195 182 93.3

N. K female 19 192 160 83.3
Female Mean 193.5 171 88.4
Total Mean £ SE 191.01+3.8 170.84+3.0 89.5+4.1
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AROEBYNNEAHLUES DA THYTH >z Hra N5, Table 7, Table 8 iIZ/RT &
ATEEPOMEENR IR KMEENED68~83%, BT 6 ZOFHEIZT6%, LT 2EDF
BEILT1 % ICHES T B KETH o T2 OIHEIE83~97%, BT 6 ZOFEHEIZN0%, TTF240D
FHEI1388% &, BV KEOHRERBHOICEFERMER T AEXATNTH L L0RDH
Ntz, 1z, BLOWIThLBARZENEOENED, BETOREENELESVEANRS
niz.

(5) AF—v—1 Y IZBIB0LHGEDEN
PHREOHNIZIIONT, EBOBL AF—TOY T —BIAEEREZIEET A28, O
AT —5EFZUEBUIERE Fig. 1ITRY, BATIHLRSA 0 FHE 2 FIRERARE, A
BEIZ19804FE 2 A21H 9 Bp o U FE T TERE~ 2 CHlfk, BRXTRLE» - . #EE I,
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Table 9 Stride characteristics and physiological responses of 3 subjects during 5 km (1
km) level diagonal stride tests.

Age Speed Strade Length Stride Rate H.R. Vo
Subj. (yrs)  (m-sec’™) (m)  (strides*s™) (bts-min’}) (ml-min kg™
S. 8§ 67 1.19 0.72 1.66 170.6 36.6
T. T 44 1.96 1.34 1.46 180.4 36.0
K. 1 40 2,29 1.45 1.57 161.8 35.6

a) Data of subject S.S. was obtained during 1 km level diagonal stride.

180 Fig. 1 Heart rate recording in 3 subjects during ski touring.
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BAMFEEEEDT5%REDKET Jette 55 OMET 2 BESRFE O 5 mBRREDI0% ITHAS
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Fig. 2. The relationship between speed (m * sec ~1) and volume of oxygen uptake
(ml - min ~'-kg~") in relation to stride length.
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