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[Abstract]

This study aimed to investigate the kinematics of push-off and double arm swing motions of world-
class skaters during straight skating in a men’s 500 m speed skating race. The participants were 18
skaters who participated in the men’s 500 m race for the World Cup held in Nagano, Japan, in 2016. The
following parameters were analyzed: skating velocity, joint angle, and angular velocity on the
supporting leg; distance (Duk) and velocity (Vuk) between the greater trochanter and knee on the
supporting leg; trunk elevation angle and angular velocity; joint angle and angular velocity on the arms;
distance (Dsg) and velocity (Vsg) between the acromion and elbow; and rising angle and angular velocity
of the left shoulder. The calculated data were normalized such that the timing at the right blade-off was

0% and that at the left blade-off was 100%. The following results were achieved:

1) Skating velocity significantly increased at 50%-90% (p < 0.05).

2) The hip, knee, and foot joint angular velocities began to increase significantly at 30%, 40% and
70%, respectively (p < 0.05).

3) After Duk was negative at 0%, it significantly increased and became positive at 20% Duk (p < 0.05).

4) The shoulder joint angle on the right arm shifted by 60% and 70% from flexion to extension. The
shoulder joint angular velocity on the left arm significantly increased by 40%-90%, and that on the
right arm increased by 30%-60% and decreased by 70%—-100% (p < 0.05).

5) The Vsg of the left arm significantly decreased at 30%-60%, and that of the right arm significantly
increased at 0%—10% (p < 0.05).

These results revealed that the world-class skaters abducted their hip joint before extending their hip
joint when they achieved a higher skating velocity, and that they emphasized on abducting their arm on
the opposite side of the support leg and adducting their arm on the same side of the support leg.
Furthermore, when the skating velocity increased, the world-class skaters 1) swinged their arm on the
opposite side of the support leg backward quickly prior to that on the same side of the support leg, 2)
swinged the arm on the same side of the support leg forward slowly, and 3) turned the position of the

arm swinging backward from extension to flexion during the push-off motion.

AR—=U B ZMESE, 21, 1-14, 2024 4, 4P H 2024 4£ 3 H 31 H, %ZF H :2024 4 10 A 16 H
WS TR 359-1192 AR =4 & 2-579-15 FFRg H K F AR —Y B 2 24 b

f.okabe@aoni.waseda.]jp

I. BV B E A S T O ERDHD (FEWIED,

AV —R A —bhE L, 18 400m A4 — N1 1992;van Ingen Schenau and Bakker, 1980). F
NIy ZIC TR E B O W ERMZB OB Th 7o, @S TITmERIZL> TEBINDIEE
L. W AERRZEMN T 272010, SR b = B EN Y, BER CIIFERELELE LM
E(LLT, 1 Fyvat7@iE| &35)I28-T BB SE AN — M EBNE, dhERK T3

Ei
il



AR—BEEE, 21, 1-14, 2024 4

EBRNANCH KELEBEISEL0—71FEH)
ENERSND. EHEWNTNHDT L —REEK D
S 5 DT L —
WBAEEE OB VETIIAN — 7B A I K
2 <R #h S8 72 A K B (van Ingen
Schenau and Bakker, 1980) 2205, Ahm— 7 #&
WA TR BRE 2 R fEH &% (Yuda and Ae,
2002; fEIIEAN, 1992) EEbic, KERE 2 K &<
i J7 [ iz S Cuvd (Yuda and Ae, 2002; %5 H
1E7, 2003) ZEDHREINTND. TOERIZIE
s (B B (e A A, S B M A RE )2 B I
FEDNEF ICHIEEN A RS EHIENEHEELIN
% (de Koning et al., 1991). F7-, Abu—2ITE
F DA E OB RIT, 27— o #RES) IC
BIFDR LIS O#KRICEDEH O G IED,
1997) THY, ZORRITIZAIE—7 D F B [T
B BA AN ER MV 7 23 52 8 (R, 1999)
T —ROBRAEEZRETLIENEELIN
% (Yuda et al., 2004; #53KIFA>, 1997) . &<IZ
H—7 W EBETIIRESARE O I T 5720
2, AR — g EBEIC TR &7 ik B #i 4
HR L7238 435 (B HIEN, 2005) LEb1T, 7
U — Rz il B NN R ESBARI S E 5 (Yuda et
al, 2004) ZENEHELIND. ZHDOWF 5L Ak 5
IFHREAAR (A AR —ME], 2010) IZ#EDH D
BEFEFRCEFRICICEBRL TS,
FREHA(BARAF—RFEM, 2010) IZX7 vy

2F TEELEHIT, THICEELYS R oES),

TROLBIEVE{EICEE T2 ENAE NGRS
TS, Z2ZTlE, O zEfid TREEIRD
&, QORI HFICREBEERDZET S vyvat T

EEZRE<THIL, @N B EIRY LT,

HNEANT I ARV DZENEE LI T
L. Lo, INETIIT vy a2t 7EELBERY
IEAZB I RIIERBINTELT, &
UNE E R EE OB IZE BRI 2B IR VENE O FE R
MER SN2 WEE, Btk Y E)1F O £l 55 23
FHE S TWD ATREMED E V.

A =R A — Mgt H e U BBiE Tl
PROE)E LR B 0T B 0 &) RE O BA R ME D3 R
P&, 200m FEH ICTEN B E REZ S L
7R F I3 B o il - REMESAKRELS, 20

REEKETHD 1 Ahr—2I2B W,

AHELHWIERHRE I TS (Mann and
Herman, 1985). £7=, &\ 8 2 #5 35
BRIZIX, B A R SR H 5% 7 IR B
T, BIRVENVED )7 Mm% 3 F<Al F I 3952
ENEELIND ORI, 2015) . &512, Bz )
V%) B U 72 % A& 8h 7F <1k @ 3 R B0 40 i B &i
O JiE B X OV ER B E 23[R S35 2 & (Julien
et al., 2009; Ross et al. 1998), @il Al 1% 33 X
OWE B oo J h - i R A HE MK T 3228
(Grant et al., 2009; F81%7>, 2018; Ropret et
al., 1998), @EEOIRHEEN K ERDZE (VN
AR, 2001) N ESNTWD. £, HEKIZ
BIDEEMEORIRVENMEZRFTLI2WF% T
%, BEIEHEOZA I - THIRVENE O A 1E
B ELEALT 528, Wi kA E 5 X
HHTETHE ) DR IE ST D3 R T2 8708
& S CW5 (Hinrichs, 1987; Hinrichs et al.,

1987) . M1 5 /) D8R EL AR 53 D358 B i B 125 8
TAHZE (R - B FH, 2019) BEELDHE, L0Rh R
W RS B 2 15 CXLEBZ R AT 57290
21X, PEZT IR, EEoOEESLEETD
TENEELEEZLND.

AR — R — g TR S DR VB 1EIX
W ERERAT 7 — R e B O RZIESD
(DU NUR NSNS (Figure 1; H AR A —
MER, 2010) . SFEHHE A KD E LV 500m fEH
TIXT RTCOEFEN T — U REETDHHD
O, FHHEENMEWFE B R 7Y — RO ENE
B A PR R mICHDH. LrL, AL —hE
EEEICB TV — U RO EZ LR
T IE AL Z T b7, A —R A7 — gt
500m FE H Ti%, 100m Hb s o> 8 it B [ 2 48 4 5
HIENHETHY (IR, 2018), ZD7)Th
50m—100m X T3 1T LI EHEZ RO D
TEMBEELEIND (FHIED, 2006) . ZDT7w,
ZOXBIE, AR —RNEEBEL ’otoﬂﬂ%i_
EAEmOLMBEREICE Y TLHEE2LND. Z
DRFJEIZT, R —mBTNEEEENEG D
B, PDXO T vy ad TEERLTU— R
EEMBLTNDINERFTT52LT, 7V—1 R
DIFBICETOMAZESR TEHEEZLNS.



AR—YBEEE, 21, 1-14, 2024 4

FZTARBIZED HIIX, A —R A7 —hgi
500m & B R — 2 FOARN —NEEBIEIC

Arm-swing motion called “free-hand”

BT ad 7E8EETV— " ROF R~ T
A7 ARG T o2k E LT

Arm-swing motion called “one-hand”

Figure 1. Two types of arm-swing motions in speed skating
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Figure 2. Three-dimensional measurement range and set-up of the high-speed cameras
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Figure 3. Kinematic parameters on the YZ and XZ planes
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Figure 4. Change of skating velocity
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Figure 5. Joint angle and angular velocity on the support leg in the YZ plane
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Figure 6. Changes in the kinematic parameters on the support leg and arm in the XZ plane



AR—YBEEE, 21, 1-14, 2024 4

The parameters of the support leg were DHK and VHK. The parameters of the arm

were DSE, VHK, and the rising angle and angular velocity of the left shoulder.
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HEhNL, £ E R TIE 30%—60%F A2 TH B I2H
MU7=%%, 70%—100%EF S CTH B A Lz
(Figure 8(C)). MBI AEEICEHLT, £ L
FZ 1T 0%—20%HE 25 & 50%—70%HF S I TH B
T, 30%—40%8 45 & 90%—100%HF 5 ICCTH B

WZHINL, A BT 0%—20%F S I TH RIS
B, 30%—60%HE A& 90%—100%HF SSICTH E
123> U7z (Figure 8(D)) .
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1 } angular velocity
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Figure 7. Trunk elevation angle in the YZ plane
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Angular velocity[10? +degjs] Angular velocity[102 - deg /s]
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Figure 8. Joint angle and angular velocity of the arms in the YZ plane
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V. B
I R —RFOT 2t TEHEOX X~T
AT A

A — R R — g CIE R ) i e T/hE
<, ZL—ROBE 7 M2 - TR A i g &
HThHEWEEREAESTLIZENNETHD
72, mW g E R E LS TOEICE, TV —F
O & 5 [F) &3 B 72 7 [0 12 3R & 2 L (van
Ingen Schenau and Bakker, 1980), >K.t» 71k 4y
EEOLIENEEEIND (KK, 1999). 7L
— RO B J7 1) & 3 B 5 A 2SR & i R S
HERZIE, BRBAfI 2SN IR S AL ERH LN, B
EREOEBN-RFIZAIN— 27D RN T
SEE IR B B B AN R RV 2 B AR L CDDB T EN
WESNTWD (R, 1999). 2T, /B HE
DA BTN 50%—90%8; 55 (Figure 4) f+)
TOXFFHOEBKEIZE B T5L, Vik N
30%—60%HF 45 (Figure 6 (B) ), 5% BE 1 £ 3 B A3
40%—80%IRF i, S BE & A 3 FE AS 50%—80%F AL,
B B A EE S T0%—90% M 5510 TA B ICHI N
T HZENRENT (Figure 5(D), (E), (F)). =
DX, KRBE M RENEICEITLT, KB
DNEEENER SN TVWDHIEEZRIBTIHLD
ThDH. — ), BEE B A EENE
BT % 0%—30%KF % (Figure 5(D), (E))

10

T, MEEENHEVEL LN EN RSN
7= (Figure 4). ZO#E 1%, HICKFFH A EX
WO TIEmWIB EREZERS TR
L4 A S 17 F 28 (van Ingen Schenau and
Bakker, 1980) &— 9 2%. S5HIZ, 3 Ff HHI %
Bfi oA ENMENEEEINDS —F T, Fyia
F7EEICL > THRELEZLVAI T ICEEISE
HIENEBEEIND GEWIED, 1992) . Tz, B
Bl OB RFOS v 2 7EETITK
B 5 B, s S B A A B, T2 B R RS 5 B
DNEF T IHE B KL T2 e ST
V5 (de Koning et al., 1991) . A#FFECTIX, %4
£ A I BE S 40%HRF A5, A B8 i A 3 EE Y 50%IRE AT,
JE BEH A R B Y 80%E DA BN 52
EMRIRENT (Figure 5(D), (E), (F)). ZmZé
X, ARBFFEIT I CTH B BE A A R, S BE
i B, K BAED I 7 BE OO IE 3 (2 TS B 2 K
L7cZea R 3560 ThAD.

PLEDZ &, i J— i 38 T 13 SR IR A
B 2 MRS Tt , (Kl Llr 2 12 5 ik B
i 755 S8 B B 8 > o TIE B (A R 3 5 U T
BEEHZETHERELZHO TWEBZE LN
2.
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2. Tovatd 7B ELRVEEDOX X~ T 12
A

ik E T o By O IR BT W E
HHZENE SN TWD (AEH, 1984) . ZHulk
ST, BIZIE, A EEoMEEEIXL T oM
JEEEEREE TS — T, A FEOMEBFEIX
il Ens. 22T, RFETIE Lk E T o4
LB ECM R EMEEZ B 235,

2.1 R R FO LR E T B O EEE

A —RA7 — R O EHAR (H AR R —
RMEHE, 2010) TiE, Makid -k E) E23 &
FLINTWA. D IZEFH T5HE, £ LK TIX
0%—30% 5 ICTH EICE ML=, 50%—90%
R RICTHEBEICHEA L, £ BT 0%—60%KF
RICTHEIZH R LI, 70%—100%FKF R 12T
BEICHADT2E08 RSN (Figure 6(C) ).
I, Ahu—ZHIETIEBEB VW%, Abo
— 7 1% AT &6 80 5 19 72 i B2 0 B 7E 23 FE hE
SNTWHZEEZRET LD THD. AMFFEDRE
RPFEEHEA (B ARRr—hE, 2010) & 572
HHEKELT, HHHBEARTIETI— U RETN
YRIZIE T OBIRVEME N RSN TNDHIEMN
FFod., AL —RAF —bgi i O AN — Mg
ABETIE, FHHENKLE LV 500m fiH T
T RTOBENRTZY— N REFENEL, 500m
HE0H 58 MW B R T N RN E il
ShAMEmICHD. £-, AL —MEEBETIX
AR — 7 O BB [ C 3 FF I R BE & A6 R b
NIEFETHIENEE THDHD, B ED
F 5 F XA — 7§ H4 12T 3 FF A i B &
WEER L 72 BB L T2 N E I TS
(53, 1999). EREE TR AT W 2hF (5
H, 1984) B BT 5L, hZB<IOICH EED
g 1= 0 B 1 & FE i 9D 2 & T, SRR A A% BE A
ONEEMENMEHEINDEE ZHND. Dk I0H
H4 5L, 0% H12C-0.03£0.03m 2/~ L7,
HEICHEIML, 20%FE 5 AL CIEDOfEEZR LT
(Figure 6(A)). F7=, Vi X 30%—60%IRf s12C
BHEAHE M T 5 /RE 7= (Figure 6 (B) ).
ZDLE, Vik BDHEVEAL LR LSO D
(Figure 6(B)), 0%—10%FF 512 TH Bk D Ve

11

NAE BT/ RrEnT- (Figure 6(D)).
0%—10%FE R THE ED Vg BHEVEAL L7
o7= (Figure 6 (D) ) 2t & A DHE, Ab—2
EIE S DA RO EEENEZ TR L 722 T,
WHANL 128D SR 2 AR e — 27 O Fao By s T4t
AN ICHICS DI ENTEEE 2 BND.

Vik DA BN 5 30%—60%FF i (Figure
6 (B) ) (23T D0 | [l o4 v 5 oD 1 i £k BB L2
H3 2L, 30%—60%HF SIZTHE LD Ve 13FH
BITER T 45LE812, 40%—60%HF A 12 TA DIE
%z L7 (Figure 6(D)). 7=, 40%—60%KF L 1C
THEJE EH A3 E (Figure 6(F)), 50%—60%HF
BAZTEH BB Ve WA BIZHD 752 E0RE
M7= (Figure 6 (D)) . ZNHDZ i, 30%—60%
R Tl B O NEREVEA B ih S 7-%%, /2
B a2 FRESELICE BB ok VE1E 4 3 i
LTCWeZeZRBTH5H5DOTHL. £ EEON
H5 8 /E (Figure 6 (C)) IZfE-o THIRELITA L
AN EIL, RN EA BRI EMN 228
TRFFCHD LT LV IR % 7R T (Figure
6(D)). £/, ML DOH Ry 2% R Alin s
H2LT, EMOH K b ERLEE T 5.
30%—50%HF s CTlI A LD Vs BHEVEALL
72U (Figure 6(D)) Zta#E LD L, R —Fi
FIX L T DL O B VE % B 46 955
\ZIE, 72 B A ANER 5 [ BN R 5 [ ICER L L
7%, BEeH#RNESETZIZTE LN
HWEA@mD TWZEEZLND.

2.2 AR — iR F O LI E T B oM R E) /E
FEWT v TEERNERIND
40%—90% s . (Figure 5(D), (E), (F))ftirom
EREERE S OEBARREICE B 358, f Bk
DJF B R A S 30%—60%FF SIS CTH B
(H R L2, T0%—100%HF /12 CTH B IS4
T5— 5T, £ LI oE B R A E E S
40%—100% R SIS TH EITH N5 LnRSh
7= (Figure 8(C)). F7=, £ Lo BES&ifih 2
AT 40%—90%F RIS TR DEEZ R T LD
W, BEICEMT 5220 E 7 (Figure 8
(C)). ZhbDZEns, AL —RE EBETIX
Ty ad TEVEIEAT LT AR %
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FICFEFRARY T2k, £ EkEdpo<EE
B RT TICHRY B CWAZENRIBENT-. YZ
Y Bl CHERELEM S BBSELIGE, &
KT 2% [ s P & LT FE 2 R B 5 1A,
TROLKFRIVICHE RS MBI ILERHD
(RE3ED, 1992) . A BB &2 BURSBE L 5
WZHRY B 58 fEIE, AR B ZEEEFLELT
REEtEIVOESY THY, 72 T7EED I h
=T B, EBRNT 2 A TEMED FE N
WCHBRRT2E® B 26ND. —F, £ AR
BB O FICTHERBEIRY BT 28 {EIXA TR B
HizElEs L L KRR RIV OE S THY, #
BTy v ad 7@EEL MGl L)5EE) ThHhD. i
D% T oD IRY BT EED R KIS
Eheshone, & L o@EENZ L > ThH L3
BHFLIEREF RV OB WRRB S, Ty at”
OB 4 RE S DNBIE TR BEMERHDH. 2D
ZEnn, £ ERRICHEITLTH B 0% FIEY B
FEMEABELTZ2LT, Py at 7EEDR
WREF R A2 BTV EE b5,

F77, 40%—90% HF 5 I TR e 2 LA W L
Fe B DR B E AR R A SR RSN
ZEMWRENT (Figure 7(B), 8(C)). 2Dl
e R ORI A EFEMEICfE ST, R
EZINDIDNTEALTHILEZ R THLDOTH
% ARERERANEL Z XD 2 & TR R R I
T4, NI ZEKERZEINESE5EE THY,
ERBHIIHEEELZIKR TSELERTHD
(van Ingen Schenau, 1992; # HIEH>, 2009). =
NoOZEND, £ EEEZRTTICIRY BT 2RI,
ZOBNERFDLIET, K@z 2928724
Tyvad TEMEEREMGL, SR IEEHE S
EOTWEE ZLND.

F B E B R A R T T0%RE RN
BEIZHEA L, 100%FF I TRDOEICERES LD
\ZZE b L7= (Figure 8(C) ). 60%—T70%HF &2 C
Fi b D3 Bl AL DS Af AL 1K U7z (Figure 8
(A)) ZeZEARDE, R —EFI3A B
e O X0% F ETIRY EiF a0 TiEil, K
W5 OV AL AT T TR VENMED T A G0 L
TWeeEzbnsd., AEBAHZEEEH.LELT
F B AR % 5 IR BTS2, FEREW

12

Ty a A TEMEICEEET D (A, 1984) &B %
b, ZhUCE- T, BB A RS L e LT
BEiCHBE N REHETLHZET, HKTD
SR L0RE FIALE T HECE LT HEHE L2
IND. LaL, K DEEE ) 1T T/, X
FEIZ L0 ET 5 (2 B S CHHEE S &2 2h =R 1<
#rF 3 HZLIXINE CThH S (van Ingen Schenau
and Bakker, 1980). ZZT, 70%—100%; s (25
THXFM OSBRI AEEIZER 5L, KE
133 KOV B A A 3 1T T0%—80%FE A TH
BACHIN L2, 90%—100%Mf 55 TH B 124
T HZENRENT (Figure 5(D), (E)). =Di-
W, KR AR S 500 R T3 R &t A )
AR R T D 5 IR LS 5L T,
SCEFIN O FE 2R R EVEZIHIL Tl B 2
HiLD.

3. AWFFRDRFR LA B ORE

B2 BBV ENIEICIEL, TR OES) IS
VRSN T AN B2 A B B2 AR 327215 T
372K, KO REHedE 2 AT 2%ENHD L
Xi 5 (Hinrichs et al., 1987; {Fj, 1991). &
WEgE i, R —iBEFEE ORI G ET D720
WCE BB RS I TR INEEZ LT, A
B B CHEE )R E T HZLITTERNP T 4
B, T7V—= R TOAUR TRV L D
FEEBREM T CEESNLZT LR OHIES
BAffibL 7oA EI &E2H L, Kk B2 T 5
WOENMEDEEIZ R T 20 ERHA).

Fo, RWFECTIIHR — @& FICEH T 2% X
VT AT A R AR CETDS, BT AR
BEOHEE TG T HX R~ T 7 AR I 57
IZTETWRW. 5%, Bidk ki o R 548 H
O EBMELLE L, B ARE B 5% %
YT AT AR AR ET T OB R H A

V. #&#

AW DB WL, A =R — g8 7
500m fft H 5 — 8 FOAN —MEEBEIC
BTy ad TEIELET)— NV ROXFR~T
AT AR T HETh o7, AL T E
REE, SRR B & A B & AR B, Dk & Vi,
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RapE LA, R EEAEE, £F
FRAAELARE, Dsg & Veg Z04HL, LT D
AERAEST.

1) #AEBHEIL 50%—90%F 510 TAH B I8
L7 (p<0.05) .

SR RN BE A A R (S B LT, B BE A AR R
FEDS 30%HF 50, A BAHf A BEAS 40%RF A,
JE BEE A R LS TO0%RE DA EITHINL
1B ¥ 7= (p<0.05) .

Dk 1% 0% SICCTADOEEZR LI, A E
WZHEEINL, 20% 0 AT CIEDEA R LT
(p<0.05) .

JE BAE R A R ICBI LT, 60%—T0%E AL IT
TH EBAIE M AL H A RBALICEE L. 8
BE 7 A B A R BT I LT, A2 B TR
40%—90% R I THEICHA L, £ BT
1L 30%—60%FF s IZCH B ICH L%,
70%—100% Ff I CH B A L
(p<0.05) .

Vse (ZBALT, /& BB CliE 30%—60%EE 512
THEIHEADL, A EBTIE 0%—10%E &
IZCAH EICHINL7Z (p<0.05) .

2)

3)

4)

5)

PLEDZ LG, i 5 — i 88 F 1300 4 3 B
mEDBRIT, Bk B R B (2T LR B &
AR SHETWDER, ZDLx, Aba— 7B kI
FLDNE 3R I &6k A8 4R B T oo A s Eh 1 A s AR 3
LT, A Bk AR RIS TnWDHIE
DRI nTe. Eiz, WAEHEENE EHEEITIE,
5 — i F XS FF M &R B ic e T LT
XA B A R RS TR B Twnwa e,
XFFHA 2o <VRETHICIRY EFTnaZ
b, KRR S5 R TR FICIEY BT
AR S b JE 5 A ISR L T AT
EMITRENT.

B

ARBFFETIE, AWM EEN B AR — R Y
EENAR—=YR Fw =N DL TIE LT
Mg 2, R OFF Al 2157295 2 TR A ST
oWz, ISR LU OB A E T 5.
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