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PURPOSE The purpose of this study was to provide information for improving
the performance and skills of 500 m speed skaters by analyzing the kinematic and
kinetic changes in their slide board movements over time. METHODS The subjects
were 10 male short-distance skaters in their 20s to 30s who were registered as
professional athletes with the Korea Sports Council. The changes in joint angle,
joint moment, and joint power over time in the subjects’ slide board motion were

measured and analyzed. RESULTS It was found that during phase 2 of the skater’s
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slide board movement, there was an increase in plantar flexion and a decrease in
flexion of the lower extremity joint and extension of the knee and hip joint, with
decrease in positive power of the knee joint. CONCLUSIONS The results of this
study are expected to provide practical information to skating coaches and athletes

by quantifying the biomechanical factors observed over time during slide board
movements. In addition, this study is expected to contribute to the field of speed

skating by presenting scientific training methods and proposing new analysis

techniques to improve performance in the future.

>
rhu

>

o]
0]

12 77

(speed skating) =2 400 m Zo]9 A3}
E(track)ollAl 1/1000 sec &2 =971 23
(Kim & Ryu, 2021). E3t, F2E o|&sl=
53o] W335tk Jeon et al., 2016).

2 23 g AP 52 527 Brgro g g5}
3l A=t o]F {8l &A0TE (skater)= TH
FOE Yol Ao g tolrte, ojuff 3o}z 52Z AERT
(stroke)2}1l gtch(de Koning & van Ingen Schenau, 2000; de
Koning et al., 1991; van Ingen Schenau & Bakker, 1980; van
Ingen Schenau et al., 1987). AEZ3% FA|Q I(push-off), &
Zold(gliding), ZlA M (recovery)& JTEEH, FA QI 2|7
W A0 FEo] ¥d f7bx] do] 18-S ot &
o|tk(Lee, 2014). SEto|F2 Yo & FXotHA TF theE I
< Et3 Yo/k= F& 0|t (van Ingen Schenau et al., 1987). v}
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(co) This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Ao g fAH = AA F4Y olsS A&HoE Tt 4l
Aol ol 9] 7HE-S &2 TE o= s&olH(Jeon, 2010),
AAOlE = o] B3 AER T FAS WHEA O R Lgsto] Ao
0]%3tHKim & Ryu, 2021).
AERT FRA 1Y AAot= 8RR AA0IY AA|
(skating position)?} FA| QX Z+(push-off angle)7t AAE 1L
QITHKim et al., 2018; Konings et al., 2015). 2#A018€ AA= &
Z1A 3 gyt #o] o, A71EE S7HA717] AdiAe &
Aolg ZAAE A FA8oF FH(Kim et al., 2018: Konings et
al., 2015). APAFol| Jotd =& =49 Zt=e= 9F 15° mlRte
&2 {fAotx, FERET JYBEY 23 e S7HAIAC Tt
3 B E T Qltk(de Koning & van Ingen Schenau, 2000; Kim
& Ryu, 2021; Konings et al., 2015; van Ingen Schenau et al.,
1983; van Ingen Schenau et al., 1987). FA|QLZ Z}E = A
Q1o gEAS Bl AL g TAQI Zrvt AS4E 3
9] ol AE&HolA £ E F7H7]+= 22°M(Kim & Ryu,
2021), o1& HHAH7R] fA5H7] YaliAls ol|A] aH|el AFA 0]
9 £EE 7 SEuTE A Y Ao 2 Julsh= Zlo] 85t
(Muehlbauer et al., 2010).

1% 9A8 S5 500 m A7]= Hd A W A SEo =

AKFostAT

401
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Y 4 9k S0l WAsIE 3, HLHQ Yor 1AL 37
A BRI R AHE F7HE 58 GA5HE Ao] $a%

tHde Boer & Nilsen, 1989; Jeon et al., 2016; Kim et al., 2018;
Muehlbauer et al., 2010). 281 500 m 7] A] SHHEZ 24
5 otx]o] §ot7t F7boto] Aol WSt vEh, o] = ’laEe} &
& 5o 9 VA v A9A] £ g {AGH] ol A7) 71E
o] Z71stAl Hrk(Lee et al., 2001). APAo] w22H 500 m 73
7] Al SRHRE 455 7oA Zo]7t U] w2l 500 m
SRER A A 7bol thigt Aol RS Ao SolE Lot
ol tigh 77} o] Foj A A] &1 ehHKim & Ryu, 2021; Kim et
al., 2018).

A3 E AAlo|Fof et AP ALE Aw B, Sk} A H
7t 283 3493t 5 AAY W3] B ]?J AA O] g V=
of tigt A7} 5 o]F 1 ItK(Choi, 1998; Jeon & Lee, 2018;
Kim & You, 2002; Song et al., 2017; Song, Park et al., 2018;
Song, Seo et al., 2018). St Au= AFA0|Eg o] EAA I T
= AYA &HoA A7 s offgoh= zéﬂi QIsf x4l
Al AT E AAlO|FE BRIE £ Sl EAQ] A EQ1 &0
E HEIE(slide board)E AFESE A7) tha Z9YE] 11 ATHKim et
al., 2018: Lee, 2014: Van Horne & Stefanyshyn, 2005; Xu et
al., 2016).

&l HE TAHL2 AA| AAl]] 52T} FARE 5 3
U0, ShA AFFE HRL} Zo] X 4FolA AAEE BT
= H®EHRl &9 Bgoltt. o] & Bt Algtd 241} %Z_}Oﬂlﬁ A
A A2A01" 52 AT 4 o, vHE THE &
=8, AES FFAIA AACIE A §A] 5E& A5kt 4= vt
(Diener, 1994; Kimura et al., 2006: Yoon, 2024).

@A o] FoJA I Qli= ETo|E BEof Bt APALE AujE
W, st o A9l AF(Piucco et al., 2015, 2016, 2017,
2018, 2021)& &EotA AP = A, I5HE SHo A
AP &tolE HECL AAH A= &PolE BE AL 9
St A(Yang et al., 2017)2} & 2A0|E(clap skate)ollA] 2|
A 9] 31 ZRE(hinge point)E E=&3t= AF(Van Horne &
Stefanyshyn, 2005)5to] A|A| =1L Q).

o|A 9 thREY A= AA FANAT JPHI 9o
Al Wt oA F2 AAl0]F AT U 5 ME% kil H
= e A4 T tigt A= gol ZotE £ glth(Dunne et
al., 2024; Foster et al., 1993; Yoon, 2024). Piucco et al.(2016)
2 &Tho|E HE o] AA| @A AFAolHE Brloks AR
oF A Aol &A1 Wolgta stglon, &to|lE HE &H
2 AA AACIR T AR A e §H3-E o] E il HlE o]
(Kandou et al., 1987) At Q1 &Aoo 4] &Eo|E HE THS &
off YA st BAZ £ 4= 9l Ao E wtEr
wrebA] B Aol HA 2 500 m AFWE AAolY Ao &
E BE 5% A AIZE Ao wet Uette 258 9 2548
Aol 5 FAst] Ao 7Y 4 9 7 P Al g A
BE A5l St

ﬂﬂN mé
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£ AT YA RAG 0] AEASE S5 dAF 20~30
o A Asold BAY A4 1080z, 32 61 ole] 22
AA A7} g F5o] o2urel 4z Aystact. AT

E9] AAA QA EAJL (Table 1)3} Zt}.

a7 2

£ A4s Kiga JPa2d3]o $ols worom(S5eAH
S

o FE5] AEE 52 F BYAE A3 .
ol% 7|9t HREAE SAT & & AL Yl e g9t §
9= Eo]2E FEolltt. FHEEE 475H7] 918 Non-Linear
Transformation (NLT) ¥4]-& g-835to] 371315 HAor9tt. &
7t 8 (calibration)E &5 4 37& 33 HBEAR WS
o, 339 9] HolHE FHEsl7] Y8 A4lo] #EH 24
Holl 56709 WhAREA (reflective marker)E F-2H5tth. F-2-5 ©
Ag ol&sto] 7t B d BAH9| (A nAE HAston, AF
S ¥E3 F 2 535 £=P57] Ao iAol A %‘-—‘%i z
4 Y9-Awarm-up)S $HY & Y=E ek 52 £4 A
o|E BEoto] npd Apg A4A17]7] Y8 At 55
B} S 2goto] £ AFE FHh5tA

N
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&oho|E HE & Al A7t Ao whE 2595y 24S 919 8
o] FHelA 7 EHOqus 300, Qualisys, SWE)<F 1t9] A Hyt
2 71(FP6090-15-TM-2000, Bertec, USA)E Ar&5t3 o, 0]
o ME &(sampling rate)> 2+ 100 Hz2F 1,000 Hz2 A3
Shoith 2 AtolA AMEE &EtolE BE= 2545 WHels
BeotA 4t&str] fJote] Al Agegol £AT o Aot &
gho|& BEF Fasto] fARSHAl ZHA] AZHLSL tech, KOR)SFS
om, APALE Faste] AHEHE7] flof &etolE BEE A
Asto] E A1E Y5t tH(Krumm et al., 2021; Van Horne
& Stefanyshyn, 2005). o|d], A|HyIe] 27 = Analog-digital
boardol] @/ 7ulet %iﬁ}c’q Agg d5oron, sty 2
2]H g o] -2 Qualisys Track Manager program (QTM)< 53l
Z off set 8 mm= AAs5to] £ ALE P STl B

Table 1. Subject characteristic (Mean £ SD)
Variables Male (n=10)
Age (year) 23.5£3.4
Career (year) 13.8+4.5
Height (cm) 174.7£3.1
Weight (kg) 74.9+5.9
500 m Best Record (sec.) 36.1£0.8
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o AFREH A& PC polycarbonateE AFEst%lon, 712 2
0] 172 cm, A& Zol& 45 cm 183 FAE 8 mmE 3+t
23 4 gj= A2 Zo] 4 cm, F4 4 cmE sh3lom, Agh
gt AR wlolE 4FEE 18l EEkelE KB 1/3 AHE Ad
3o B AFE APt £ 8 mm UALE ARRSto] &fol=
Hot Anta 7| & gddstA 124t thFigure 1).

B4 el U A7 A

2 A= &T0lE BHE 53 A A7 Ao UE 599 ¥
3= mhotslr] 93l Visual3D AZE oJ(C-motion, USA)S °o]-&
ofo] AERH £ Q Al7H(stroke time), AA AFFA YA|(Center
of Mass position), & Zt=(joint angle), & HHAE(joint
moment), ¥& 5-¢(joint power)Z A& T 2 A4 A
AREA L} AN FHE= xF S FF, yES AT, 252 Aot
WgFo 82 dAstelon, 2 5 Wako] -8 dojuEE A
oA 9] A EAstgtt. oluf, I 2ot HRIE gt &
Aole o33 2ot B5 E4(trunk segment), =(+)/A1H(-);
FB&H4(hip joint), FH(H/AHA(); FEHE (knee joint), =
(H/AA(); EEIE (ankle joint), HIESZI(H)/ASZZ().

2 A9 Ad ARl wet =349 33 94 volHE AR
HEBH A LASH= 2 X (random error)E 43}517] 93]
butterworth 22} A9 53+ YE|(low-pass filter)S A-8-510] L
H(filtering)S +FstH . dFak4(cut off frequency)= &5
8} glo]El+= 10 Hz, #5938} Hlo] 8= 100 HzE A5ttt

2022 A7t on, 53 upAet 1025 A A
shith 4 A2 A 10271 Ad & F58¢S AZoE 0%
o 53] AE=&A(Initial stroke [I]), 30%0°] 53] AE=&A(Middle
stroke [M]), 55%°] 53] AEZF(Last stroke [L)%F E45}%ct.
Lol BE & 92 19T AP S|t BRE 53
Al A7 Aol 2 58 9 595 ZpolE B4 {5
event 12 S5 EIHY 9 vlAY} 3 g9 Y& HE
A Ato] AZE AAtstgl o, ojuj9 Ato] A7} HATt Hi= A
H(bar contact), event 2+= F549] HEHo] Q= ulA7} 5
2] gitjof] 22 & F55 WFOE CoMe] Y o]5g A (CoM
X axis max), event 3% F55 the] 9] Wo] £7] gitjof4] HojZ|
= AlA(bar off) o2 HA35tH Tt oju, event 13E event 2714
£ phase 12 Z&to|d F#7Hgliding phase), event 25 event 3
A& phase 22 FA| X F7Hpush-off phase) 22 A3} ch
(Figure 2).

o 1o
&
—
M
=)

S

7 A=

&l BE S& A At Aol whE 55H 9 255k
HAE9] AolE AT sl ¥HESY A WA (One-way
Repeated Measures ANOVA)E AAsF T 9§k 2o 7F ek
% AL A HA O 2 Bonferronis AA|SHLH BE B4 4L

kjss.sports.re.kr

event 1: Bar contact  event 2: CoM x axis max event 3: Bar off

Phase 1: gliding phase Phase 2: push-off phase

Fig. 2. Event and phase setting

rlo

SPSS 25 ver. (IBM, USA) T2 1L AHR319 00, §9] 53
=052 A3t

a

A7z
AEZ3 £ 8 A7H(Stroke time)

&efo|= BE §2 A A7k ATl ket UrEhe AERT 49 A
7k A3k (Table 2)9 2. £ AT A, FAHCE o3 Hjo]
7 e Ol (p(.05), AL AT B AE= o] Hl8 Fut 2
E2 0] Azko] 7K Ao hehie

ks
ko3
kex
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XA AZFEA] Y] (Center of Mass position)

o|E HE T2} Al A7k Bl ) A4 A ] 4] YA
Table 3)3 2t} £ A7 A3} A7 Aol weh SAH o= 7
OJ7t Zol7F UEE o.M (p<.05), AAF-E7 A3} At Aol wet 5
7Vele AC& YERET.

)
K

AN

(MeantSD)
F (p) Post-hoc

Table 2. Stroke time

Variables ~ 0sec'  30sec™  55sect

Stroke time | (01030 1.65:0.25 1802022 /. LoM
(sec) (.01)

*: Indicates significant difference (p<.05).

I: Initial stroke; M: Middle stroke; L: Last stroke

Table 3. CoM position (Mean%SD)

Variables ~ Osec’  30sec™ 55sec® F(p) Post-hoc

CoMZmax , ¢110.03 0.62£0.03 0632003 192 1M1
(m) (.01)
COMZ ) 500,02 0.56£0.03 0.5820.03 503 [ons
min (m) (01)
*: Indicates significant difference (p<.05).
Table 4. Joint angle (Mean%SD)

Variables 0 sec' 30sec™  55sec”  F(p) Post-hoc

T4 Z+=(Joint angle)

S| BE 5& Al AIZF Ao w2 AE FETE (ankle
joint), +E5 & (knee joint), YPGHZ(hip joint) ZI=+ (Table
4t 2t 2 A A, AEFE] Tk event 29 event 39
ARE BAHCE FOFE Zol7t YT (p.05). A At
event 3004 RF 2ol 7} UEhk 0w, A|ZF o] wet AS=% Ik
7t $7ket Ao 2 YEgth £53d 4= event 22} event 39
ATt BAHOR {3t AFo]7t e o™ (p<.05), AFEHA At
event 29} event 394 ZHF AEZFof H|5] SHH} SHF AEZ
oA B2 =3 A&7t AAatt A0 & Ueyth g3id
Z+E= event 28} event 3014¥F BAH O & { o5t Apo| 7t LRy
TH(p<.05). AF=HA AT} event 3014RE ZFo]7F UrERSE O™, A7k
ol whet Bl FF 47t UK AL ' e 55
24 ZE= event 10ATF BAH O | oI5t 2ol 7} LR oM
(p<.05), AFAA AT} FHE AEZ F0| H]s] T AER A B
T 2A9 2% 4rrt 57K ACE YEHTH(p.05).

#4 Y E(Joint moment)

Sefo|= HE 54 A] A7 o] ufek Lt 771 By
o A 422 neE, FEVET JPYUPY A A 2HE
% (Table 5)% 2t} & 945 43k, phase 13 phase 20141 2
o) A 4522 BUEL AR 493t Hol7} vent
A gohh. FEWAT JPBAAY Hef A7 BAEE phase
20048 BAROE GO Hol7k ehgrHp(.05). AFAH 2

Event 1 0.60
AJA ©) 19.84+3.42 20.294+3.26 20.51+3.44 (19) I B2EEY 40 phase 2004 A7t Aol wte GAS Ao
Event 2 3.56
AJA (°) 29.30+2.11 29.28+1.87 28.47+2.66 (04)° - Table 5. Peak joint moment (MeantSD)
Variables  0sec’  30sec™  55sec F Post-h
Event3 151420 -6.50+5.48 -9.032557 1091 st ariables 0 sec se¢ see (p) Post-hoc
AJA (°) (.01) Phase 1 1.88
Event 1 0.41 APFM  -0.45+0.38 -0.40+0.34 -0.52+0.26 -
52.60+4.49 51.17+4.96 52.02+5.67 -
KJA (°) (.56) (Nm/kg) (18)
Event 2 18.45 Phase 2
72.53+7.34 68.79+7.37 67.01+6.91 Y M, L )
KIJA (°) (-01) APFM  -0.46+0.36 -0.42+0.33 -0.53+0.29 ? 1062) -
Event3 53 194597 16234826 14.12¢8.18 577 ML (N'm/ke)
KJA () (01) Phase 1 18
Event 1 0.41 KEM  -1.78+0.33 -1.92+0.55 -1.73+0.27 - -
-+ +. + -
HIA ) 52.60+4.49 51.17+4.96 52.02+5.67 (56) (N-mkg) (32)
event 2 18.45 Phase 2
72.53+7.34 68.79+7.37 67.01+6.91 . >M,L
HIA (°) (-01) KEM  -1.86+0.22 -1.73+0.24 -1.53+0.18 2164 L
Event 3 18.77 (N'mvkg) (.01)
o 23.1245.97 16.23+8.26 14.1248.18 . I>M, L
HIA (°) (-.01) Phase 1 0.67
Event 1 5.34 HEM  -2.27+0.42 -2.21£0.63 -2.19+0.58 -
.69+4. 27£S. 718+4. * >
TSA ©) 74.69+4.02 73.27+5.14 74.78+4.40 o1 L>M (N-mikg) (.52)
Event 2 2.11 Phase 2
75.37+2.90 74.00+3.55 74.80+2.77 -
TSA (°) (17) HEM  -2.004034 -1.85£0.30 -1.814025 0. 5L
Event 3 1.03 (N-m/kg) (0D
ToA (o) 71:43+3.46 70.74+3.49 70.96+3.44 - - -
A (:37) : Indicates significant difference (p<.05).

*: Indicates significant difference (p<.05).

AJA: Ankle Joint Angle, KJA: Knee Joint Angle
HJA: Hip Joint Angle, TSA: Trunk Segment Angle
el: bar contact; e2: CoM x axis max; €3: bar off

Korean Journal of Sport Science 2024, 35(3), 401-411

APFM: Ankle Plantar Flexion Moment
KEM: Knee Extension Moment

HEM: Hip Extension Moment

pl: gliding phase; p2: push-off phase
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2 Uetgon, Jg#Eo] 4% phase 2014 25 AEZ T H]
of FRF AERFOA 4G AR YEyl

T2 g9 (Joint power)

Zeto|= ME 52 4| A7k ATbo] theh ekt 778 wEakd,
D2wd, JYBEY FA Teigt 24 B9l (Table 63 2tk
B AT Av, SR St ¥ sheleh 4 e B
phase 20142 SAH R §oI3t Zol 7} Lhekidrp(.05). A5
% Aol AL 52 SooIATE ol 7k ebgton], 2k AERS

Table 6. Peak joint power (Mean+SD)

Variables 0 sec' 30 sec" 55sec”  F(p) Post-hoc
Phase 1 116
APP  1.36+0.99 1.33+1.03 1.07+0.82 ('33) -
(W/kg) ’
Phase 2 543
APP  0.41+0.41 0.49+0.43 0.64+0.39 (b])* -
(W/kg) ’
Phase 1 031
ANP  -0.44+0.40 -0.52+0.60 -0.49+0.30 ('73) -
(W/kg) ’
Phase 2 9.28
ANP  -0.89+0.50 -0.68+0.52 -0.49+0.39 ((')1)* I>L
(W/kg) ’
Phase 1 457
KPP  -0.02+0.25 0.37+0.65 0.24+0.45 (0'2)* -
(W/kg) '
Phase 2 705
KPP 7.43+1.98 7.10+1.81 5.88+1.28 (01)* M>L
(W/kg) ’
Phase 1 257
KNP  -3.92+1.47 -3.91+0.83 -3.14+1.01 ('13) -
(W/kg) ’
Phase 2 025
KNP  -0.734+0.40 -0.70+0.42 -0.66+0.40 (.68) -
(Wikg) '
Phase 1 162
HPP  0.82+0.58 0.99+0.31 0.91+0.36 ('22) -
(Wikg) '
Phase 2 416
HPP  2.17+0.29 2.01+0.24 1.91+0.27 ('05) -
(W/kg) '
Phase 1 055
HNP  -2.14+0.85 -2.11+0.80 -1.96+0.72 ('51) -
(W/kg) ’
Phase 2 038
HNP  -0.25+0.25 -0.23+0.29 -0.29+0.23 (-68) -
(W/kg) ’

*: Indicates significant difference (p<.05).

APP: Ankle Positive Power, ANP: Ankle Negative Power
KPP: Knee Positive Power, KNP: Knee Negative Power
HPP: Hip Positive Power, HNP: Hip Negative Power

pl: gliding phase; p2: push-off phase
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e

[o]

2

| Ble) F3 2ERI0)H $A we7h FAsHe A0E ek,
oA T e FA Tl LE FAGOR
F o] 7k el O L(p(.05) phase 20148t ALFAY Akl A 3
17} UEbe AR AT BN AEE 0] s Suk AERD
oA o TheIZh AT Ao Uehon, B4 w9l 49, B
5 EAHOR §O% Aolsk Ui gloreh. JPTAIA B
A ohel A Theiot A vhe] BE BAROE g Kol 7t 1t
B4 gl

ol 4o
o Ht

v

[e]

=9

ATE AA0|RE BHE NEHHOE FAL &
o] R 7¥(Song et al., 2017), €3] 500 m =
AEE F7HA AL 7HA] §A 5= Zlo] B tHKim et al.,
2018). 12 AA] 500 m 7] Al FHHE A7 A 71 0]
AotEohal BaE v glom, ke A7) Fsh] YoiAl=
olof &gt A7} ZPE|ojof Fol ke EF5taL A7} o] FoA| A
& JTHKim & Ryu, 2021; Kim et al., 2018; Lee et al., 2001).
A1 E AAolE = Yut oA TS Fsh= H 3o Al-31HE
Q1 AR QA5 Wxho] ofd, A/JollA A AAC|H I FAFSE &
5 d 5 e £Y0lE HE T35 AHESko] 28 S 9

(Yoon, 2024). €Efo|E & T2 AR AA 0|y F2S TS
= EHoE AT FoA AAl0IEHE B el Jlo] axt

231 B3 QIck(Foster et al., 1993; Piucco et al., 2016). o}t
ZA 2 A= 500 m @AY A5l gEtolE HE ¥ A, AZE
o] A3} ghol| whet Ut 258 9 598 Zfol& E45k
K49 A7 4 2 7le T ol ot HEE Agot= A
o Z&o] glon, & Ao gt A& oS3 ol =5tarzt

o
i)

17

-

N

o

o 4y

£ AFE 3T 23, ATto] At gtof] we AERF 4Q A
7 © 2 YEytTh Back et al.(1995)3} Lee et
al.(2001) AA @&olA 500 mE +HEE EA6kqit. 1 At
£ ALt FANSHA FUHR R 245 4 Q AJZto] S7KE Ao E U
Elon, Kim et al.(2018)& AER T A Q A|7H9] Z}o]= AFA|o]
g AAeA 71915t AERT BET} HEo] I nHctka B
5HGith ol 7IWto g & A Aikg AT EE, Al7to] A3} g
o wzt AA 0] AAlo] WMS7t UEh AEZF A8 AlZto] 7t
gt 202 sjMdrt 500 m 7104 AT JFHAEZA F
7 £ E A3 3 AEREFR FAoF 5t (Jeon et al.,
2016), HHAI7HA] S71E £SEE fA6H] YoiAe &EtolE B

THS WHEH o R Lo BN A §A TS AEfsfoF &

AA AFSA S AR B718 3] #A
WA AFFH 52 AR e 2 Azbo] A T

2ol
AR AFFA QA7 21 YFOR FAE A0 e
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o} ol A= SR o] Bobrt Frfste] AAl0l" ApAl] WSk
7F vehd Zlolet siA & 4= QUck(Konings et al., 2015). 2A019
A9l ®dh= F71AF 0l JFE HIAH(D Auteuil et al., 2012
Spoelstra et al., 2023), 371 A3 FH4dst7] YaA= sHRBE
o 23 252 7M7), BE 2A 29 XS B skl
° 250lg AAE Hshot £E8 274412 % Urkde Koning et
al., 1992; Konings et al., 2015).

SR 243} A7 Ezte] B

AHE AAOH ) o
Al AR AA01RE FHT Al EFo]E(blade) ol WS
#S Z7FA71tHvan Ingen Schenau et al., 1996). ool wet «+
P& o] SEE AHA7IER FThol|d #11 FA X 210
A AZZFZL JA 8ok skl st Houdijk et al., 2000;
van Ingen Schenau et al., 1985; van Ingen Schenau et al.,
1996). 2831 APAT-o A= FA|QZ} FEtolg F-7toA] 514
HHO] 23 A&7t F71E 0] AS5E A7 Pl T30l € A
olg} R 15t tH(Konings et al., 2015; Noordhof et al., 2013).
I8y B A1E Ao A& phase 291 FA| QT 7oA HE
Ao &= i S76klom, siA#E] &3 e Ha
otz A0 Usyth 72t #E2 AR FHE 7 £4o] WE
o8 dAZAEo] f71Fo 7 220]2&(Loudon & Reiman, 2012;
Novacheck, 1998; Song et al., 2017) &34 2% =71 &
430 wet JPPE] T 4k w3 ad Ao wekdEr o
o T2 A= AA 2A0I] £ Al DEIHAA Y A&z 7+
7hs HEae] vhs S7HA714, SHAlEE Y] 23 4k A
AA dAoA LojY= go] 27|17} gaste] 44E 74
2 A7

oA &

290 A22F 2 F7H YR 9o
el o

pul
s N
=1

-

[o | H
N

sAwA ol 25t Wl 372 zte] 2

5
APAo A= vle 9 A7|e B ZEol= PO ZHE ¢F
o=z Qg #d ZHEZ A4 = (Bobbert et al., 2002; Hall,
2014), vl 99 A7|7F 7l whet AER2 3 Al SRRl A
O] A1M rmHlE 7} Z71skctal B 11519 tH(de Boer et al., 1987). 1
Huy SETA- 0] 4¢- 7= ZQIE(pivot point) Alo]o] HHIE QF
o] Z7tE4& YAHY oA T IS A AA7 L, JFIHE
o] HHIE Qfo] ZolAH HHELE ZFASHA Eof A 31
A ESlA £ 5 AA It B E Atk Bobbert et al., 2002;
de Boer et al., 1987; Van Horne & Stefanyshyn, 2005). &
A, APAFL FAGHA S5O A A5 HHEE=
OJgt Aol 7F YehtA] QESkAIRE, AJ7F Aol wet 7ol AT
UER oIt T2 1 R23d) gAY A Fogt Aol
Bt om, phase 2004] A7t Ao wpet A1H RHEIET} 4o
Ao Uettt. ofo wigt AR AA0]Y =3 Al FREFOJA U
ojul= 919 3717} 45t (Konings et al., 2015; Noordhof et
al., 2013; van Ingen Schenau et al., 1983), & #&= AEZ
3E P Hol A& 8T A& AJZ4EKYoon, 2024).
J8B& vz A9 A7E S7HA717] AdiA = sty 22
AL E S7HAACF & Ao & YztEt

Jo

i
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T4 3ol FA 3Hl(positive power)?t F2 -9](negative
power)® TEHETH Winter(2009)°] T2 W, F& 1= w4
5L B0 AqUAE Bk, T LHES 1 ZHEEr 22
o2 ARtk 81 BA mls A 52 S5l oA
£ S5, T BUES 1 A&5LUt AR bgE PR &
Z9l& Yehdithvan der Kruk et al., 2018; Winter, 1983). 0]&]
3t B4 T9l= Als FelA A 508 el AlA dFEA
= AHA7)1L, 4 FoE BEA 5 o AAE 7St
o] 2182 7M1 (Neptune et al., 1999; Neumann, 2017;
Suzuki et al., 2011). o]& 7|Hlo g B A3 AWE ARy 72
4L FA g olwt fou]et ol UEilon, Ag7g A
phase 20049t F5to]| v SRF AEZF oA FA mp 7} FAsh
A0 & Ueytth o= Al7to] 1} ghofl whet shA|of K57t S 7t
of o] g/do] FAstei7]el o9t 22 AXr} e Aol o
AHE} o] Bof AA AAl0lY £ Al FA nhel7t HastH &
HIRE A|7to] A3t g Sx12o] tad Ao R A7t

o2 IEmdy) JEabdolAe] #d melojth. 2 A At
e ] o ohelot B4 149] B5E phase 201418 /2% 2
o7} yebsttt. AFSAA H3} phase 19A4= Apo|7F YEfFA] ¢
SEAIRE, AIZF Ao whet F7kos AEFE UEFW LA, phase 29]
A& Z4to]| Blg] S8 AEZ J oA JTFSE A0 2 YETE 17
I PRIEL FH g BH o] BF {93 Aol 7 Ve
okttt Ao ot FE3A 9] Al (extensor muscle) 4
%08 AAEE 7|A%A T (mechanical power)= HEOlF
(biceps femoris)= Bl A= o] P4 7| AH o7
Bttt (Roberts & Belliveau, 2005; van Ingen Schenau et al.,
1992), ¥BEEolA B4H o] HEIE/A] ALGHYy BEuE
v} 1ok (Fregly & Zajac, 1996; Sanderson & Amoroso, 2009). &
A QG APAFE HID O R & A+ AHE sfAlotd, AlxE At
of wtet P TAENA BAHE o] FATHHA EEIE7LA Fo]
HAGE A gol dEF{FoA FAdot= Tol F71et AR B4
of. mebA] YA AT A TEIE7A] ddoto] &Ab
Ao = oyAE A/slof ohv, EdFloldS &ote] npA|97tA] of
ABEY FH g FAL 4= Slojof A71E ol E=@ol € A
O JgZtEr

ZE Y Ho

B A7 WA e AYE Adold A4o] defolE BE B} A A
7ro] 3t ol ket et 2499 Mot stetsty] 9okl &
I

ojeta] 245 AAsHH & A9 282 (Figure 3)3 2t
ZHE 53 A 2EZ3 &8 A7F2 FEF AEZ Fof v

ol
N

S AES IO 27K 202 Uehgon, A4 9E40
2 9% 3L, Azko] A3 ol upet 53 WFOR F7HE A0
bt ST ZE9] A9, BERA M) 422T ZE

event 29} event 3914 Z4gt A0 Yeigth 181 5E &4
Z= event 19149 B4 Zpol7} Yepton, SuF AEE T
Hg) F9F AEZI0|A 23 27t Z4sE A 02 Yt &8
ot BE &2 A st THE 9 A HHEE FE3EI g
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<« phase 2 »
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Fig. 3. Main findings of the study (phase 1: gliding phase, phase 2: push-off phase)
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<Appendix > lower limb joint angle, moment, power graph (blue line: 0 sec, black line: 30 sec, red line: 55 sec)
0%~40%: phase 1 (gliding phase), 40%~ 100%: phase 2 (push—off phase).
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