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PURPOSE This study employed a markerless motion analysis system to categorize
the block start of elite sprinters into a four-phase sequence and examined the

relationship between the kinematic characteristics of each phase and first-step
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performance. METHODS Seven elite male sprinters (100 m personal best: 10.52 + 0.14
s) participated in this study. Block start movements, from block clearance to first-step
touchdown, were captured at 120 Hz. The collected video data were processed using

Theia3D Markerless software. The block start motion was divided into four phases
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(P1-P4). For each phase, the following were analyzed: knee joint extension angular
velocity in the sagittal plane, pelvic rotation angular velocity in the transverse plane,
a coordination index, and a timing index. RESULTS Knee joint extension angular

velocity differed significantly across the phases (F=41.11, p<.001), increasing rapidly
after block clearance. Notably, the ability to maintain a high angular velocity through
the initial flight phase (P3) was strongly positively correlated with normalized first-
step length (r=0.872, p<.05). In contrast, the coordination index did not differ
significantly across the phases. CONCLUSIONS During the block start, maximizing
and maintaining knee extension angular velocity through P3 is a determinant of
first-step performance. This phase-based analysis offers a scientific basis for training
strategies focused on movement improvement in specific phases.
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Fig. 1. Markerless motion—capture setup
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3= GA; glolEl= Theia3D Marker less 22 E o{(Theia3D
Markerless Inc., Canada)& &3 1XF4 02 AT EQict, o] £X
EQJol= gaid 7wt HHE vd dueEE g8oto] Ex9 vt
A 52k glo] QU4 TEF B0 334 A& 4T 4= 9leH, 21
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S FEoF9 A, sHAHE U ZHE £ shoto] 535 WS AL
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H(simultaneity) ek, Shte] £29o] e shig ot Agst
At gstelekE deid 4 s 9 A AEE PRSIk
g B3] giet.

Elo]Y) R4(Timing Index, TI)

FE3 Zute] o 2ot RS A1H o) atolg B4t &
T A9 A A5 GRSttt o] A4k 7 9 A&
Azl digt HEEE B, o] o] A o o =
=X, O A7 ek HERE Yed ojE 25 AlEA9)
A 2& BAE ool B34 JE7T E 4 itk (Donaldson
et al., 2022).

ke 3 A5 Zo](NSL)

A A9 dol= E2 AlROA F& £5 d7ier 9A9 A A" &
A A-oA19] A 4ol XPLeF AR Fotitt. Ae=E9] 4l
A Zpolg aEoto] ZF A40] Ao R o] FtIo 2 M, A
2 Zpolo] BAglo] vl 7hsdt ETHE AF ZolE AMEsHth
(Debaere et al., 2013, See Eq. 1).
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A 7= (deg)l0KE()= F58E A 4k, 9PRO)E 29 44 3]
A ZzlolH, wKE= FE3E Ad 2559 RMS, PR 24 5
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(A) Raw Angular Velocity during Block Start Phases
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Key Finding in Phase 3:
Correlation(wge, NSL)
r=0.872, p <0.05

Angular Velocity (°/s)

o —
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: — :
. 1 Timing | Tl i
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-600 i : :
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-1000 : :
(B) Normalized Angular Velocity Patterns
2 b b H
Q)
3 1
P
N
)
=20
g
©
g, ;
. -1 Cl quantifies the similarity of these two patterns.
€
S Analysis based on time-normalized (100 points per phase)
4

a method suitable for discrete movements
(e.g., Dubois et al., 2023).

.

_o | and amplitude-normalized (Z-score) signals,

E1 Phase 1 E2

Phase2 B3 Phase3  F4

Phase 4  ES

Block Start Events

Fig. 3. Knee and pelvis angular-velocity patterns during the block start. A) Raw data with key statistical annotations. B) Amplitude—normalized data

for pattern comparison
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Table 1. Descriptive statistics and repeated—-measures ANOVA of block—-start kinematics

Variables P1 P2 P3 P4 F p n? Post-Hoc
oKE(°/s)  87.86+28.71* 344.76+61.74* 232.63+50.14* 590.93+151.16% 41.11 0.001 0.840 PI;i;DI;ZPEIZYM
®PR(°/s)  26.12+14.21% 66.14+42.72%*  54.014£38.36  64.91+18.92* 6.70 0.003 0.239 PI<P2,PI<P4
CI 0.83£0.12 0.85+0.06 0.96+0.07 0.83+0.10 1.32 0.328 0.291
TI(%) 19.66+28.82  41.30+15.44  49.08+34.95 39.95+32.95 1.27 0.316 0.140
*p<.05

Table 2. Correlations of block—start kinematics with normalized step

length (NSL)
Variables P1 P2 P3 P4
0236 0099  0.872%  -0.607
KE(°/
OKEC/) (610)  (834)  (011)  (.149)
0.038 0057 0303 0200
PR(°/
OPR(%/s) (935)  (904)  (509)  (.668)
o 20173 0063  -0.706 0251
(711)  (894)  (076)  (.587)
0502 0164 0059 0326
TI(%
) (252)  (725)  (901)  (476)
*p<.05
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StHH(Colyer et al., 2018), & A= F7HE 524<1 H3lE £4
Fro 2N EEAEE WAYUSZ] g 9AH S B4 5tA} of
Act. AR E(n=7)0lgt= FACNE Eoka, 100m Al H17|E
10.52£0.142%1 W 3995 AFSS ez o 2 a9 2
= 3719 =S e A AL 7HAE A ¢ ok i
e}

2 A9 7P dAA IE-L, EAE of2] 258 B % L2
A 1 T F5 Ao A&EE= 7] GAPI)IAY F=
FEzuto] A Ay Aol ufe- st ZA AEBA(=0. 872)
Ath= ot} ol ESAEEY] Huj7h HA| 17+e] Bt
=Z4}do] ofd, "B P oA 9] ‘B Aol s AFE 5

o]
7H4 Eo]A 8] (temporal specificity principle)E 72

i r_>i _I>4
N

E

PEASRARL
347 AR 3eBezodis, 2019). A% ATE A AekE AA 77

o) Bt £2 A7 450 A3kel BR0] 98 BT o Lorkr <

kjss.sports.re.kr

0.5-0.6; Ota et al., 2024), & A= AW AkoA 3] Hiof
U A7 Tl 1 Qe B2 A1 v 7HP)A 9] et A
7 57 5Eo] s d&she o) E4 o Fa% WA gEy
= HojA AEAE ztett o) AErhE S &84T S QA
FollAl, 27 AA BH9 740 R 41 £ g FA|oHL FEA|
71E sgo] ABE K59 AELE G884 7Heohe 2H%

4
o2
ol'
I:I

= t1(Sandamas
55 {Ho Ay 44
. O'Pr Aol A= =5t
WA THBrazil et al.,
2017), ol ABE 27] @A ‘-71"5_% il cl'° et & A+ 4
T 8 27t ZEE P2 o] $RE L Zxto] TskA M5
Bt PAEE fAIsH 29 23U o & AAst= Ao|
o 8% 4 k= 7}“3 ] A&ttt
o _

4>

FSE
e
p
b
U]
10
IO l-N
5
L 2
Kl
E
4
Ry
g
U‘.ﬁ..
O
N
i
@
©
o
o
o=}

A(The SAH
o] ZHel 0301]’\1 4
Z2A du=A Agsta %7}‘—‘2 ]7]"“’% = ‘5 <] Xé :IL
R 52 o R Hoh= defolhr| o, A 71 LR B4
(motor signature)d 4= Uth= Zo|tHGlazier & Davids, 2009).
71&A P3 FA I 7P &2 B 8 A90.94)7F Lrehd
A2, Ade] Aol gle AHielM + E o 0110101 W 23
Al Yehtbes B34S BAFANRL, A iARIY AR wiE Ao]
2 QI EAto] A A4 ool =ESHA /\Siﬁ")r ol &XE
oz o5l EAA AAYO] sHAY 2 Qlon, T ¢ uho FES
EOH A5 287k Sl

AT Ak @7 Aol 8% *W"Q% As3ter B2 A
Z}—o LBE A "B A5 ol RS, & AFe
E52 Ud A5 35 F&, 53] 75 AHo] ARl By 27
SEP3)ONA 29Yshs b9 F5& drhd B2 s R

oz ojFert 27] 71459 Mg Ttae $A4 94 891
3013} 2= 9]9it}, o]z AELE Zao] o 5] WS u) 3w
Yt 35800 ol27171A] AA £8e EEHoR VIR 5
2o 232 gh5olof g S|t}

i F
roHl [o

¢

Q:

=

F_‘Q.mloo

Korean Journal of Sport Science 2025, 36(3), 409-417



414

H.-J. Gil

ZZ U A

)|

B AT AYE WY o] BRARES 40A AAAE 2
Hoto] Rg-ute] 2B S4u R A9 Aol wAZ 7
Sholch. @7 23k, B8 A4 4=t PIoIA P4 SAZ Aol
wet EAH0E folskA FrlelEon, B8 A% W F 2% A
Aol A%HE 27] GAPIIAY P8 AA 4457t R A9 2
01% S FE M JBUAS Hol, o 53 719 LYol 2

2
H

l‘

% %] Zelshs 94 8919S 8
fa;u ARYE AR Tl BRL 120 BEg B4 AT
Ysto] Het ABE WAL ARG, 55 2 A4 )Y 7
PN A4 e Sla Sobel 9 L2 I Ad A5
A 71ee EAsHe o BN 85
oF F|felc ¥ B2 2718 Iefeku, 4 FH3el 9 ¥

LY xugoﬂ 91014 01111& 2o RHE A4

¢

'-L NIO

JE}.
AUTHOR CONTRIBUTION

Conceptualization: Ho-Jong Gil, Data curation: Ho-Jong Gil,
Formal analysis: Ho-Jong Gil, Methodology: Ho-Jong Gil,
Project administration: Ho-Jong Gil, Visualization: Ho-Jong
Gil, Writing-original draft: Ho-Jong Gil, Writing-review &
editing: Ho-Jong Gil

Korean Journal of Sport Science 2025, 36(3), 409-417

https://doi.org/10.24985/kjss.2025.36.3.409



Effects of Knee-Pelvis Coordination Sequence During Block Start on First Step Performance in Elite Sprint Athletes 415

Ml

kL

—

Bezodis, N. (2009). Biomechanical investigations of sprint start
technique and performance [Doctoral dissertation]. University of
Bath.

Bezodis, N. E., Willwacher, S., & Salo, A. (2019). The biomechanics
of the track and field sprint start: A narrative review. Sports
Medicine, 49(9), 1345-1364.

Brazil, A., Exell, T., Wilson, C., Willwacher, S., & Irwin, G. (2017).
Lower limb joint kinetics in the starting blocks and first stance in
athletic sprinting. Journal of Sports Sciences, 35(17), 1629-1635.

Colyer, S. L., Graham-Smith, P., & Salo, A. (2019). Analysis of sprint
start transition phases and their associations with performance.
ISBS Proceedings Archive, 37(1), Article 495.

Colyer, S. L., Nagahara, R., & Salo, A. 1. (2018). Kinetic demands
of sprinting shift across the acceleration phase: Novel analysis
of entire force waveforms. Scandinavian Journal of Medicine &
Science in Sports, 28(7), 1784-1792.

Debaere, S., Delecluse, C., Aerenhouts, D., Hagman, F., & Jonkers,
1. (2013). From block clearance to sprint running: Characteristics
underlying an effective transition. Journal of Sports Sciences,
31(2), 137-149.

Debaere, S., Jonkers, 1., & Delecluse, C. (2013). The contribution of
step characteristics to sprint running performance in high-level
male and female athletes. The Journal of Strength & Conditioning
Research, 27(1), 116-124.

Donaldson, B., Bezodis, N., & Bayne, H. (2022). Inter- and intra-
limb coordination during initial sprint acceleration. Biology Open,
11(10), bio059501.

Dubois, O., Roby-Brami, A., Parry, R., Khoramshahi, M.,
& Jarrassé, N. (2023). A guide to inter-joint coordination
characterization for discrete movements: a comparative study.
Journal of NeuroEngineering and Rehabilitation, 20(1), 132.

Glazier, P. S., & Davids, K. (2009). Constraints on the complete
optimization of human motion. Sports Medicine, 39(1), 15-28.

Ilbeigi, S., Hagman, F., & Van Gheluwe, B. (2010). Velocity and
starting block variables during a 30 m sprint run. British Journal
of Sports Medicine, 44(Suppl 1), i25.

Jacobs, R., & van Ingen Schenau, G. J. (1992). Intermuscular
coordination in a sprint push-off. Journal of Biomechanics, 25(9),
953-965.

Kesoglou, 1., Zacharogiannis, E., Smirniotou, A., Arampatzi, F.,
Paradisis, G., Argeitaki, P., Pilianidis, T., & Tsolakis, C. K.
(2016). Acute effects of specific actions after the “On your Marks”
command. Journal of Biology of Exercise, 12(1), 55-67.

King, D., Burnie, L., Nagahara, R., & Bezodis, N. (2023).
Relationships between kinematic characteristics and ratio of forces
during initial sprint acceleration. Journal of Sports Sciences,
41(6), 549-557.

Li, L., & Caldwell, G. E. (1999). Coefficient of cross correlation and
the time domain correspondence. Journal of Electromyography

kjss.sports.re.kr

and Kinesiology, 9(6), 385-389.

Llopis-Albert, C., Venegas Toro, W. R., Farhat, N., Zamora-Ortiz,
P., & Page Del Pozo, A. F. (2021). A new method for time
normalization based on the continuous phase: Application to neck
kinematics. Mathematics, 9(23), 3138.

Martinez-Sobrino, J., Navia, J. A., Del Campo-Vecino, J., Jiménez-
Reyes, P., & Veiga-Fernandez, S. (2023). A New Index to
Evaluate Running Coordination Based on Notational Analysis.
Journal of sports science & medicine, 22(4), 790.

Meng, Y., Biro, 1., & Sarosi, J. (2023). Markerless measurement
techniques for motion analysis in sports science. Analecta
Technica Szegedinensia, 17(1), 61-70.

Merni, F., Cicchella, A., Ciacci, S., Bombardi, F., Magenti, L.,
Olmucci, A., & Coppini, L. (1992). Kinematic and dynamic
analysis of sprint start. /n ISBS-Conference Proceedings Archive.

Moura, T. B. M. A., Leme, J. C., Nakamura, F. Y., Cardoso, J. R.,
& Moura, F. A. (2023). Determinant biomechanical variables
for each sprint phase performance in track and field: A systematic
review. International Journal of Sports Science & Coaching,
19(2), 806-823.

Nagahara, R., Mizutani, M., Matsuo, A., Kanehisa, H., &
Fukunaga, T. (2014). Association of joint torques with ground
reaction forces during sprint starts. European Journal of Applied
Physiology, 114(8), 1739-1745.

Needham, L., Evans, M., Cosker, D., & Colyer, S. (2021).
Development, evaluation and application of a novel markerless
motion analysis system to understand push-start technique in elite
skeleton athletes. PLoS One, 16(11), €0259624.

Ota, K., Yoshida, T., Furuhashi, Y., Muratomi, K., Maemura, H., &
Tanigawa, S. (2024). A longitudinal study of three-dimensional
pelvic behaviour in maximal sprint running. Scientific Journal of
Sport and Performance, 3(3), 370-382.

Pataky, T. C., Vanrenterghem, J., & Robinson, M. A. (2016). The
probability of false positives in zero-dimensional analyses of one-
dimensional kinematic, force and EMG trajectories. Journal of
biomechanics, 49(9), 1468-1476.

Petrescu, T. D. (2019). Biomechanical details regarding the efficiency
of start in sprinting events. Bulletin of the Transilvania University
of Brasov. Series 1X: Sciences of Human Kinetics, 113-120.

Provini, P., Toussaint, H. M., & Savelberg, H. H. (2020).
Coordination patterns in sprint start phases: temporal segmental
analysis. Sports Biomechanics, 19(2), 135-148.

Rodrigues, C., Correia, M., Abrantes, J., Rodrigues, M., & Nadal,
J. (2023, May). Cross-Correlation of Lower Limb Joint Angular
Kinematic Signal for Coordination Assessment During Impulse
Phase on Standard Maximum Vertical Jump. /n Congress of
the Portuguese Society of Biomechanics (pp. 565-575). Cham:
Springer Nature Switzerland.

Sado, N., Yoshioka, S., & Fukashiro, S. (2017). The three-dimensional
kinetic behaviour of the pelvic rotation in maximal sprint running.
Sports Biomechanics, 16(2), 258-271.

Korean Journal of Sport Science 2025, 36(3), 409-417



416

H.-J. Gil

Sandamas, P., Gutierrez-Farewik, E., & Arndt, A. (2020). The
relationships between pelvic range of motion, step width and
performance during an athletic sprint start. Journal of Sports
Sciences, 38(19), 2200-2207.

Swann, C., Schweickle, M. J., & Vella, S. A. (2024). Advocating
individual-based profiles of elite athletes to capture the
multifactorial nature of elite sports performance. Scientific
Reports, 14,26977.

Tennessen, E., Haugen, T., & Shalfawi, S. A. 1. (2013). Reaction time
aspects of elite sprinters in athletic world championships. Journal
of Strength and Conditioning Research, 27(4), 885-892.

Valamatos, M. J., Abrantes, J., Carnide, F., Valamatos, M.-J., &
Monteiro, C. (2022). Biomechanical performance factors in the
track and field sprint start: A systematic review. International
Journal of Environmental Research and Public Health, 19(7),
4074.

Wang, L., Wang, W., Li, S., & Zhang, H. (2023). Stride length
mediates the correlation between movement coordination and
sprint velocity. Journal of Sports Sciences, 41(1), 72-79.

Wild, J., Bezodis, I. N., North, J. S., & Bezodis, N. E. (2023).
Enhancing the initial acceleration performance of elite rugby
backs. Part II: Insights from multiple longitudinal individual-
specific case-study interventions. /nternational Journal of
Sports Physiology and Performance, 18(11), 1271-1281.

Korean Journal of Sport Science 2025, 36(3), 409-417

https://doi.org/10.24985/kjss.2025.36.3.409



Effects of Knee-Pelvis Coordination Sequence During Block Start on First Step Performance in Elite Sprint Athletes

417

2o|E B U2 SEARE
A AH 00| 0jxl= G

IS x=*
43

rio

Sr=AIRUStY, Medsigra, ¢t

*WAIA A} 45 F(gilhojong@gmail.com)

M9l =9 dBlE v
79} 52L& 120H2 EFotglct. +4E

4D (P1-P4Z F-HB}] BETAE A E A Zh&r Tk &
(2 #5834 A 7"‘5% g %7411—1 o2 Fot A5
A&E e 27] 1Y PP 22 AEEE F lﬁ% 901 4

A ‘%E}”‘EP(r 0.872, p<.05).

5| 37kt 53
PP 71019}7%} 0;4 A
stet.

(22 BEAHE A, 27]
2 29190] =gl
A2 AT,

H|3 FZHP3)7HA
o3 Al A2 7]HE £

780}
28 20E B8

e, o)A

A=}
FARY, B

kjss.sports.re.kr

Ao HH2 upA A A BA AL E8ote] A E TAP] A5
of1, 7t 9AE BE-309] 588 4o A AF Aot W TAE

i A A2 A 778(100m Q1 H715 10.5240.142)& HYoE ESAHERH A A9 24
=29 GA}2 Theia3D Markerless AZE 0|2 A 2|5l o, EEAEE 523

78 A4 ASES ST $A5H: Zo] 2
A :

54 7709 &

LSAES 40 AAAE TE
st Zloltt.

B9 3 H 445, €5 A5, ol AeE —‘?—@,o}sﬁt}
HAOH(F=41.11, p{.001), B= o]& AT HE F

u}g

I, 38 Aee

7710 whe

Ea
49 g BER St £

Korean Journal of Sport Science 2025, 36(3), 409-417



