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Comparison of some characteristics during propulsive movement in 500m speed skating

race and imitating movement on the viewpoint of motions of support leg extension

)

Jun Yuda®, Masahiro Murata?, Toshiharu Yokozawa®, Tetsu Yamada® and Toru Aoyanagi®

Abstract

The purpose of this study was to identify an effective technique in the support leg extension for sprint speed
skaters. Ten junior and 9 senior elite male skaters who participated in a 500 m race were videotaped with 2
synchronized high-speed video cameras (250 fps) positioned at the middle of the home straight (~50 m from the start
line); the recorded images were analyzed using a panning direct linear transformation technique. The three-dimensional
coordinates of the segment endpoints and blades were determined to calculate the kinematic variables during the right
stroke. On the other hand, skaters performed a single leg skate jump test on a tartan track. The ground reaction forces
and three-dimensional coordinates of the segment endpoints were determined to calculate the kinetic variables at the
right support leg by using an inverse dynamics approach. During the first half of the stroke in the ice skating
performance, the change in the forward displacement of the center of mass in the senior group was greater than that in
the junior group; this was attributable to the smaller segment angle of the shank in the support leg for the senior group.
This indicates that a greater anteversion of the shank is a technical characteristic of an excellent skater. While the
vertical ground reaction force in the single leg skate jump test greatly increased, the senior group maintained a smaller
segment angle of the shank and a greater knee extension torque in the support leg. On the other hand, knee extension
torque in the support leg for the junior group decreased temporarily owing to increase of the segment angle of the
shank. Thus, the ability to maintain a greater knee extension torque with a greater load in the lower limb is an important
factor for acceleration during the straight skating in the first half of the 500m race.

Key words: speed skating, three-dimensional motion analysis, propulsive technique in straight skating, imitating motion,

joint torque at the lower limb
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[segment angles]
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Fig. 1 Definition of angles for the right support leg in this study.
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Table 1 Comparison of the performance of the 500m race and single leg skate jump test in the junior and senior groups.

500m race

Single leg skate jump test

Split time at 100m Goal Time (s)

Stroke time (s)

Maximal height of Time during push Impulse of vertical

(s) CM (m) on ground (s) GRF (Ns/bw)
Junior (n=10) 10.24+0.21 37.96 +0.65 0.37£0.03 1.37+0.07 0.54£0.08 0.79£0.07
Sinior (n=9) 9.89£0.12 36.45+0.73 0.34£0.01 1.354+0.04 0.58£0.09 0.82£0.09
Difference J> S J> S J>S* ns ns ns
1 p<0.05, 1 p<0.001
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Fig. 2 Segment angles of the right support leg during the
straight skating in the junior and senior groups.
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Fig. 3 Tilt angles of the right support leg during the straight
skating in the junior and senior groups.
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Fig. 4 'Trajectories of the center of mass on the horizontal
plane, relative to the ankle of the right support leg
during the straight skating in the junior and senior
groups. The circles are drawn at every 20% time of
stroke.
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Fig. 5 Segment angles of the right support leg during the
single leg skate jump test in the junior and senior
groups.

3.1 deg vs. Senior, 59.1 + 3.8 deg ; p<0.05) ITHBWNT
IZHEEENASNT.
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— kT > 7T O R DA E S MES K O
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R THR U 72121290 % M TH AR D E— 7 1T
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BN W] (p<0.1) DAL, T TSR
TR~ U D5 A 2 O TMMBho Tz £, 90%IFF
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Fig. 6 Ground reaction forces during the single leg skate
jump test in the junior and senior groups.
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BIYER T AT CRIICEA L T e, 72, RKIE
3P a7 # (83% W T2.14+0.17 Nbw) D H M
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Fig. 7 I 2 Z 7 HB IR ZT7HITBIT 2 2
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HiOBAE bV, BB K OB L7 NT —
BB K O R A TR Uz, IRBETE fRilic 3
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R, 60%IE (Junior, 3.50  0.24 Nm/kg vs. Senior,
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NOHEBEENASN (p<0.05). MAHEZ, WITN

ORFOMEHMZRL, BERLEA ST ET Tl
ML TWE BNV —1F, WINoBEDEIE
BRIEE20% AHE M 5 IE/NT — & L, 60% T
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72 50 =80 % MiLICBNWTIZY a =T #HO LD =
THLOBRERENT—ZRL, 70%K (Junior,
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BEH80% L E TEJE ML Wi L, 80%ff3E T
E—27I1EL RIS, BER T AT TR L T
2. AEER, WITNORHEEMGA S MEIZ/NS
<, B0%AHEA 5 EE AN L Tz, B
NV IST =13, WINORE S EERG? S EIZ/NS
<, 80%FHEMNSIE/NT —AEM L T0%[if TE—
DATEL 72, BMER T AT TRETEA L Tn
7z,

1. BNAEAML—MNERBMEDF R T 10 AR EH
500m L —ZIZBNT, d—=IF A LI ZTEHD
FNY 2T RIDBERITNEL, B3 =7
HOANENTWZ, E£iz, 100mE#ERFHICHB N T
HREDOERMNMGSNTHBY, KRR TZ Y
HIIZX Y — FMED A b L — MZBUT B NHEEE ST AN E W
EVWOKMEAL TWEZEWR D, AIFEICBT D8
BEZEAAY 227 BN T RLIEEET 2 S
D E BRI 5 B EiRE, KREAEBITCHAEANT
HO, =7 HITIE500m L — A DIE it R AR E
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OB ENERKECH D L2 RLTBD, &
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Fig. 7 Joint torques, joint angular velocities and joint torque powers of the right support
leg during the single leg skate jump test in the junior and senior groups.

PREERE H O @i 8 I & o THEEREEN S 02K
BIEE DR TE 2 EEZ 5N 5.
KETOBERSIEBEZREFAT 2ICHZD, S
IZBW TR STFE (REkIEA, 1991, 1996 ; #&
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5B MEEFEICDODNWTIHICERZ KDDL ET
5. EIHDIT, AEEENS DT ERD AN — K
WETBI2EBAICONTHAS E (Fig.3), FkHE
FAEEEWIED 199D ERBRDZ(LINY — 2 %R L,
BRI BBEHE R EIAGNRN > 2. —F, FhMER
fAEHDE, SMEEMNED R b O—7 BIaN S 30% 45
FTCIRZTHOANRKERMEZRLTHEO, THEN
SHEMNSNEICERC 25 1 2 > T3> 27 BO SRR
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100miEEIFF /NS W2 E2FE®RLTHBO, 2k
00— 27 FIHNC BV 2 FE 5D T RO NI 27 nE A
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b, ANL—PMBETONMRICHEZ KITTFRT 1



50 Od—F 27598 H26 8515, 41~54. FRl24411 H

JAMEREL TT L — KRR OKERI EET S
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L, INNELOATALEMERELTLEVSH
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KfEi (Fig.6) IZHB VW THHMICAREIZHASNEN S
e, TNSDONTA=FI1F, FiKkE LHIZEORER
I EMNEVNSIHMAT — F P v > FITBIT 5iEH)
MEOEREEZRTINTA—F EWAD I ENTE,
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OHEEOKRICHESNIERETHDL. InsDl Lz
ZRT DL, IEHEMENZEZE KT IR BRI O
MEHED LD AT, THROFRT 1 7 AR %=
fi Z LI U TR L 2 B £ A TREIC s 5
WENH D ENRD.

KRN S DO E/RD, AL — MEEBIUH
A — 2y > T ITBT B0 A0 E LT 2
& (Fig.2 BEU5), KEATWT NS FEERDZEMN
& — 2R UM, KRB X OTRAIH A —
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