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Kinematic Analysis of Biomechanical Differences in 30m Block Starts
Across Elite Collegiate Male Sprinters: A Study Using 3D Markerless
Motion Capture
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Abstract

This study analyzed the kinematic characteristics of 30m records using block starts among male university short-distance
track and field athletes. Ten subjects were divided into two groups for comparative analysis: a 3-second group (age
19.40+1.67 years, height 180.80+3.83 cm, weight 74.94+4.72 kg, record 3.92+0.06 seconds) and a 4-second group (age
19.80+1.30 years, height 182.32+2.28 cm, weight 72.18+4.21 kg, record 4.13+0.12 seconds). Movements were measured
using the Theia3D Markerless System and analyzed in a 3D joint coordinate system. Differences between groups were
assessed by analyzing the time taken, the sagittal plane angular velocity, and the direction of 11 joints, as well as the
position and velocity of the Center of Mass and total angular momentum. Independent T-tests and Statistical Parametric
Mapping (SPM) were used for comparisons. The 3-second group exhibited a shorter standby position in the set position
(p<.05), a lower Center of Mass at block starting (p<.05), and faster flexion angular velocity of the non-dominant arm’s
elbow at block starting (p<.05). A difference was observed in the angular velocity of the non-dominant arm’s elbow at the
4-step propulsion point (p<.05). SPM analysis revealed newly mapped statistical domains in all categories except for total
angular momentum variables in the P1 and P3 sections. Thus, maintaining a low Center of Mass and accelerating the non-
dominant arm are effective strategies for a fast block start.
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P1  0.604+0.057 0.524+0,029 2.819 0.023* 0.002 0.158
P2 0.274%+0.022 0.262+0.032 0.683 0514 -0.035 0.059
P3 0.280%+0.016 0.254+0.033 1.637 0.140 -0.018 0.072
P4 0.232x0.018 0.215+£0.007 1.924 0.090 -0.007 0.041
P5 0.215+0.019 0.202+0.016 1.199 0.265 -0.017 0.044
P6 0.227+0.016 0.212+0.014 1579 0.1563 -0.011 0.041
P7 0.224+0.016 0.210+£0.011 1540 0.162 -0.011 0.037
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p7 0-100 99 .000™*

*means p<.001 in SPM{t}
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P3 - - -

P4 73-100 86 019*
P5 0-53, 79-100 0 019*
P6  0-1, 44-63, 87-100 99 039*
P7 0-50, 78-100 83 020*

*means p<.05 in SPM{t}

Body_Angular_Momentum_(forward_backward) at Phase2
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H5 IS TEX B 2aE (unit: deg./s)

p 95%

Event  4s Group 3s Group t

(2tailed) Lower Upper

E1  2035+1.272 10.031£22363 -0.798 0.448 -35559 19.566

E2 -20.610£13.194 —7.045+17.890 -1.364 0.210 -40.918 13,789

E3 16.158%15.134 54749+28716 —-2.658 0.029* -78534 1.352

E4 49338+42712 30820432138 0398 0.701 -56.257 75.292

E5 -18.433+51.117 26.936+43454 -1.512 0.169 -127.926 37.187

E6 063.276+46.840 23522+18923 1760 0117 -22.409 101.917

E7 -58.101+£58.784 23.856+17.873 —2.983 0.018* -157.561 —-6.352

E8 30.119+57.385 18242%43553 0317 0759 -91.267 115,020

*means p<.05

H 6. 2= TEX| 2 2L st X SPM{t} x| ¥ 2ot 3

Phase  Alpha Areas (%) Peak SPM{t} Location (%) p—value

P11 12-15, 42-45, 89—100 96 .007*
P2 0-19, 66—100 96 .001*
P3 0-5, 80—100 99 .002*
P4 0-84 4 .001*
P5 78-100 96 .002*
P6 0-15, 32-91 0 .004*
P7 3-55, 69-100 87 .000**

*means p<.05 in SPM{t}, **means p<.001 in SPM{t}

Left_Elbow_Angular_Vel_(sagittal) at Phase2
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