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[Purpose] The purpose of this study was to compare the technique and power of the Korean
national athletes and international athletes in the start phase of the 500 m speed skating to improve the
performance and to understand the relationship between the biomechanical variables affecting the record.
[Method] The subjects were 8 Korean national athletes (Korean athletes) and 6 international athletes
(international athletes). For the three dimensional motion analysis, 5 high-speed cameras were used to
capture the 40 m start phase of the athletes participating in the international competition. The variables
selected for analysis were the kinematic chain, 100 m net time, time to 9 strokes, horizontal position of
center of mass after 2.5 sec, range of motion of trunk, knee, push-off angle, net power output, total
power loss. [Results] The correct kinematic chain ratio of Korean athletes was 61.2%, which was lower
than 76.0% of international athletes. The time to 9 strokes was 2.82+0.25 sec for Korean athletes, which
was significantly lower than 2.53£0.11 sec for international athletes (p=.001). The range of motion of the
push-off angle was 60.15+2.75° for Korean athletes, which was significantly lower than 64.76+2.55° for
international athletes (7=.001). The net power output was 887.2+269.9 W for Korean players and
1103+264.1 W for international players (p=.021). The variables related to the 100 m net time were the
horizontal position of center of mass after 2.5 sec (r=-956, p=.001), the net power output (r=-931,
p~.001), and the total power loss (r=-904, p=.001).
performance of Korean athletes, it is necessary to maximize the efficiency of skating through skill

[Conclusion] In order to improve the start

training to use the correct kinematic chain. Also power enhancement training is needed to improve leg
power because the net power output related with 100 m net time.
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Fig. 2. Kinematic chain ratio of KOR and Int. during 9
stroke skating
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Table 2. Independent t-test result of between Korean national team athletes and international athletes

Variables Korean athletes International athletes t p
100 m net time (sec) 9.88 + 0.53 9.81 + 0.51 341 736
Time to 9 strokes (sec) 2.82 + 0.25 2.53 + 0.11 5.526 .001*
Horizontal position of COM after 2.5 sec (m) 13.76 + 1.40 13.86 + 1.29 -228 .825
ROM of trunk angle (°) 35.83 £ 6.09 38.48 £ 5.88 -1.364 180
ROM of knee angle (°) 119.27 £ 16.13 121.64 + 12.88 -.368 719
ROM of push-off angle (°) 60.15 + 2.75 64.76 + 2.55 -4.017 .001*
Net power output (Watt) 887.2 = 269.9 1103 + 264.1 -2.401 .021*
Total power loss (Watt) 125.5 + 31.6 1443 + 389 -1.621 113
* p<{ .05, COM = center of mass, ROM = range of motion.
Table 3. Pearson correlation analysis result of biomechanical variables
Variables 100.m net Time to 9 . 0}1]\};[ Zlfter ROM of ROM of I;(l)sﬁo(;ff Net power Total
time strokes 25 sec trunk angle knee angle angle output  power loss
100 m net time 1.000 446 -.956* -.305 -329 -.048 -931* .904*
Time to 9 strokes 1.000 -310 -581 =222 -.547 -.586 -437
HP of COM after 2.5 sec 1.000 176 333 -.100 .860%* -.873*
ROM of trunk angle 1.000 184 518 410 .503
ROM of knee angle 1.000 .019 295 384
ROM of push-off angle 1.000 207 215
Net power output 1.000 -.925%
1.000

Total power loss

p € .05, HP = horizontal position, COM = center of mass, ROM = range of motion.

ol ako] 7} YAl ¥t FA X ZtEe 7hE
HAE Ao 60.15+2.75°2 YXTFE
64.76+2.55° Rt} BAACR {5t/ “*& Ay
Ut p=.001). Zn 3¢ &8& dxdsyEo]
887.2+269.9 W2 d¢4d4E2] 1103+264.1 W Hth
BARCR %9]3}74] < AHE YRt (p=.021).
3 «4'04 &AL A Eo] 125.5531.6 W= djeA
FE9 144. 3+38 9W Hop e A%E Hylov §
]@Qi el gk pol 7} vEpA] gttt
G AFET YMFEY STy WA
4 A3= (Table 3>°ﬂ AAIBFATE 100 m HE Al
I 2~EE 2.5 sec § AAFAY ols AT E 94T

YebdtH(r=-.956, p=.001). T3 Hn] 59
AFABA (r=-.931, p=.001), F 5] &
AAAAAE BHA%(r=-.904, p=.001). 9
ANA 28AIZEE O £59 A tﬂo]# it
TAE HolA| g9kt AEFE 2.5 sec & AAFAY
olgAE Av T % 7 ARRABAE B
r=.860, p=.007), = 3¢ 434 GAAAAZ

et (r=-.873, p=.009). ZAZ=e 715HY,
S8 7HEHS, FAE R THEH e e vE
ST 1T} FRAAE HolA| &kt gFr] 3]
22 = 9] A3 JAIA R YERITH =-.925,

B

> N
i)

L T =P
rr

—



w Aol Aofg Suke e A

L % L
A, WA, BERA A 4= SPAde] A0
O~

il
il
Aul
30
o
o
+
o
(ot
HI
r
B
il
10,
[
Aul
m
—
N,

E F#3+9 A~
&2 61.2%% 3l
9M49] 76.1% Bt W& A% YERyitt. 7|dHE
AL A 7F v £AHAQ] F&o] o] Fojz|A] go}
AAE FAHEL] A Exlo] QLR R 9] o1 o] o 0:16‘1-;(4
ol §&o| 7#4%HLoudon & Reiman, 2012). ©]
23k dQlo Qs S dyEe FALE 2tk JhE
W9l 60.15+2.75°% 3|52 64.76+2.55° Kt
SAACE frofatA @& ARE YT (p=.001).
E3k Noordhof et al.(2013)9] AFolME E2te] &
A SN Ef**]o“ AT g Zxste] B A7 d
47] wizol] g sl Al A

g 23 ‘a *}F A 71EEdol o8 Aow

iin

E o w i
FU

MR o
N
N,
1 &
1
o
fo
ci

o},
= 2A I 2L 7| 5A7|A 47t At
= 9= 4718 3 A Aol sle 88t
(Lee et al., 2001: Malcata & Hopkins, 2014).
uetr 2EZ A A EAsE 39S T4 st A
" AeEd vlug 23 w$- ov] de BEE AF
& 4= 2t (Konings et al., 2015). ¥ dAFtolA &4
o A ofsid, dmMFEe] v e FHe
887.2+269.9 W= &l|9]M4<] 1103+264.1 W Ht}
SAACE fofatA @& @ﬂi UebtHp=.021).
AR F The] S A= MeEe] 125.5¢31.6
W= gl des9 144. 3+38 9 W EG g4 e 4
2 Uegtov FAAS Abele gt webA g
MaFso] 28E A AAg An| ke &2 3
A& Hlstd 6“1 o] F=535157] Wizl 715 @5
o= AR g2 Aog AT Kunz & Kaufman
(1981)¢] Al 40}n% AEFE 7t 392 g
A1 A e BAE AN AR 2ERAE F
Abgllof gt ettt H & 2 AFolxe BAHeR
ol gk xfo] & Kolz] eESIAIRE Sl 5o AL F
SAE] 7eHSE Al dFEd Hlste] Tha He
HE UER7] wfjiZel] of Fol gk 7ol e

o

i) rl
>l

Biomechanical analysis of speed-skating start phase 765

o BT E3F AEE Pl 9] 7] E T
e A < 4 E A
g Efojdy ~2ZHE $H 58
olt}(Markovic et al., 2007 Pire, 2006

100 m U E AlZt3} BAHCZ ‘IT—/] g AAAA S

ol 598 Ol 282 252 £ A3 oI5
A (r=-956), 0] 3] (=931, F 4%
S0 904 W £E AIAGE wAT, o] 2
e AHE 25% 3 A2 o529 Fol 99

Z9o] 1 F 3¢ £4o] $EF5 100 m HE AR
= 958 F v v 4T + Ao *E}E
Z S AAFA olFA et FAAQ FaAF
SE A WAL Av] 39] Z¥(r=.860) JJr &
EA(r=-.873) 2 Uetith, webd 2~8E $3F
E BE5S dlA = w2 dgARE o]o] gA] 2
7Hs: T A HHol gl
Oa & 4 dch(Jun, 2010: Lee et al., 2001;
Malcata & Hopkins, 2014). vpAl#tez B A7}
Agd A4 15E 67 m=E 2018 FAFASHE o]
A" 7= ~¥e /\7-]]0]151 A7 1% 41 m& &
Aol7k glnt. kARt af 9] 71 (E AR 1,034 m, &
Ego]AAE 1,423 m)% A 2 nwd 9H5
3 9l0] % 3] £20] A g kel ) el B
92 FEEoR i FTHLSY 2 39 PP W
EA 483 Zlor AlsHT

92 269 2249

AE 2 A

2239 270" 500 m ~BtE FRroA] dx s
3 gl 71 39S Hlwsta 7] 5
F& A e+ HAS9] WAS BN
AEE v 2.

r\o of

AR, S A5eEe] EutE e Al v&
61.2%% NANFES 76.1% Hrt ¥ttt o3t 2
W2 Qlte] FAQE Ztwo] JHEH |7} sl A Ed
Hjsto] Zgtom AAlolg] &S Fuistd & Qe 7

EEdo] Jgslofop & Aoin

EA, AFAFEY] 9 2ERZATIA 2 QA7 A



766 Jooho Song et al.

39 Z2e Agass ur welth @A
o2 a1 AFEdAE 31X 2 498 PN
Zejol W EY Edoldn AZAE FAL A

A4, 100 m M= A7) 4RAE Holt
o4 Wele 262 252 F A7
A4 89, 9 $40G, 5 2 2
A% o1 ARl BAA AASE Holt &
2 wale 0] s 2 »} & o) ez et

& —!N
30 o
e diz

&

0¥ﬂ

o XL
_E' [-_10 r_?_.
ot o oy I
18 > = 12 £

ARl dle] 4 2 SHIE 28D TR Ahs
& PAAE T Aoleh

> =
FAanAT ]

Abdel-Aziz, Y. I, & Karara, H. M. (1971). Direct linear
transformation from comparator coordinates into object
space coordinates in close-range photogrammetry. In Proc.
ASP/UI symp. close-range photogrammetry (pp. 1-18).

Bunton, E. E., Pitney, W. A., Cappaert, T. A., & Kane, A. W.
(1993). The role of limb torque, muscle action and
proprioception during closed kinetic chain rehabilitation of
the lower extremity. Journal of Athletic Training, 28(1),
10-20.

de Koning, J. J., de Groot, G., & van Ingen Shenau. (1989).
Mechanical aspects of the sprint start in Olympic speed
skating. International Journal of sport Biomechanics, 5,
51-168.

de Koning, J. J., Thomas, R., Berger, M., de Groot, G. & van
Ingen Shenau, G. J. (1995). The start in speed skating:
from running to gliding. Medicine and Science in Sports
and Exercise, 27(12), 1703-1708.

Dempster, W. T. (1955). Space requirements of the seated
operator. WADC-55-159, AD-087-892. Wright-Patterson
Air Force Base, Ohio.

Juda, J., Yuki, M., Aoyanagi, T., Fujii, N., & Ae, M. (2007).
Kinematic analysis of the technique for elite male
long-distance speed skaters in curving. Journal of Applied
Biomechanics. 23(2), 28-138.

Jun, M. K. (2010). Biomechanical analysis of starting motion

during a 500 meter speed skating in the Korean speed
skating team members. Korean Journal of Sport Science,
21(4), 1510-1517.

Jun, M. K., Park, K. D., & Back, J. H. (2001). Characteristics
analysis on skate reaction force change in short track
speed skating. Korean Journal of Physical Education,
40(2), 861-871.

Konings, M. J., Elferink-Gemser, M. T., Stoter, I. K., van der
Meer, D., Otten, E., & Hettinga, F. J. (2015). Performance
Characteristics of Long-Track Speed Skaters: A Literature
Review. Sports Medicine, 45(4), 505-516.

Kunz, H., & Kaufmann, D. A. (1981). Biomechanical analysis
of sprinting: decathletes versus champions. British Journal
of Sports Medicine, 15(3), 177-181.

Lee, Y. J., Na, Y. S., & Back, J. H. (2001). Analysis of the
2000 World sprint speed skating championship. The
Korean Journal of Physical Education, 40(4), 975-982.

Loudon, J. K., & Reiman, M. P. (2012). Lower extremity
kinematics in running athletes with and without a history
of medial shin pain. International Journal of Sports
Physical Therapy, 7(4), 356-364.

Markovic, G., Jukic, 1., Milanovic, D., & Metikos, D. (2007).
Effects of sprint and plyometric training on muscle
function and athletic performance. The Journal of Strength
and Conditioning Research, 21(2), 543-549.

Malcata, R. M., & Hopkins, W. G. (2014). Variability of
Competitive Performance of Elite Athletes: A Systematic
Review. Sports Medicine. 44(12), 1763-1774.

Maw, S., Proctor, L., Vredenbur, J., & Ehlers, P. (20006).
Influence of staring position on fishing position in World
Cup 500 m. Jowrnal of Sports Sciences, 24(12),
1239-1246.

Noordhof, D. A., Foster, C., Hoozemans, M. J. M., & de
Koning, J. J. (2013). Changes in Speed Skating Velocity
in Relation to Push-Off Effectiveness. International
Journal of Sports Physiology and Performance, §(2),
188-194.

Novacheck, T. F. (1998). The biomechanics of running. Gait &
posture, 7(1), 77-95.

Pire, N. (2006). Plyometrics for Athletes at All Levels: A
Training Guide for explosive speed and power. Ulysses
Press.



Biomechanical analysis of speed-skating start phase

Nﬂl
o jm 2 oy )

N
XN
i
[
-y &
it
1o,
SN
o,
fm
;
ro
rlo
Ny
=
é
i
é
3
—
(@]
(e}
B
é
ri
Sy ©

A

sec F AIAFA Y o] 5 7%31, /ﬂiﬂ%@g £ ”Xﬂﬂ‘: 7}% H, T
Feel Al 99 28, F 99 S Fsith (B3 d=454
1H 2% Oﬂﬂ 9 76.0% ED} wkok 9 ZERATA] AQA A= A
£0] 2.82%0.25 sec® OHﬂ 5 2.5340.11 sec Bt} BAA SR fofatA =4t (p=.001). FAIL
Z dadrs ] 60.152.75°2 | FE2] 64.76£2.55° Bt} BAA SR Fo3H
StHp=.001). Ar] 3¢ YL Idx44E0] 887.2+269.9 WZ X452 1103+264.1 W Et}
AA o2 o3 St (p=.021). 100 m UE A|7t=} Fedo] 9J‘C 2918 2.5 sec T AAFAY o] F
A (r=-.956, p=.001), F7] =9 &2 (;=-.931, p=.001), & I €4 (r=-.904, p=.001)°]t}.
(RE) =455 2EHE #7175 P Yl e enke ]Lﬂ“ﬂ ] ‘—T" 1 e redEds
St 2Alol" Y &5 Sulskslor gt} 3 100 m HIEAZI} #de] ol An| ke Zdo] g4

Eo Hlgl W& AFRE JE] wid A 2 3 E FINE F e % TYafof & Aol

H

tlo M [N b O o o

-

P

oft H& (K > ru
I3
1
1o,
N
of
a2
1o
2

o 30 rd
1 r1r o

Fool: 23= sAold, 2EE 7 £5Ce B4

767



