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A study on the role of the starting block in the crouch start
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In this study, the functional role of starting blocks in the sprint start was examined. Participants were 6 sprinters
(height: 175.8+5.0 cm; weight: 69.2+4.0 kg; personal best 100 m time: 10.65+0.13 s) who performed two kinds of
sprint starts: a crouch start with starting blocks (BS), and a crouch start without starting blocks (CS). During block
clearance, two force plates were used to measure the force applied to the front and rear starting blocks (in BS) or to the
ground (in CS). The force plates were placed under each block (in BS) or under the participant’s feet (in CS). The
ground reaction force of the first and second step after block clearance was measured using another two force plates.
The sampling frequency for these measurements was 1 kHz, and kinematic data were recorded using four high-speed
cameras at 250 frames/s. The horizontal impulse applied to the rear block in BS was greater than that applied by the rear
foot in CS; the horizontal impulse applied to both starting blocks in BS was greater than the horizontal impulse in CS.
The vertical impulse applied to both starting blocks in BS was lower than the vertical impulse in CS, and the duration of
force application to both starting blocks in BS was shorter than the duration of force application in CS. Taken together,
starting blocks enable a greater horizontal impulse to be applied in a shorter time during block clearance, compared with
no starting blocks. Therefore, the starting block can be regarded as an essential tool for enhancing sprint start
performance.
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Fig. 1 Example of applied force in the sprint start (BS)
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Tablel 10mtimeinBSand CS

Time [s]
BS CS BSvs CS
tg 0.87+0.04 0.95+£0.09 n.s.
*10m time 1.85+0.06 191+0.10 n.s.
n.s. : no significant
06 ocs [
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Fig. 3 Duration of force application in BS and CS
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Fig. 6 Change in velocity of C.G. in BSand CS



Table 2 Applied impulse in BS and CS

Horizontal impulse [Ns/kg] Vertical impulse [Ns/kg]

BS () BSvsCS BS CS BSvsCS
IRy 1.25+0.25 0.77+0.27 BS > CS ** IR, 0.89+0.25 0.68+0.30 n.s.
IR, 2.26+0.16 2.49+0.20 BS < CS** IF, 1.93+0.26 2.35+0.21 BS<CS*
IT, 3.51+0.19 3.26+0.16 BS>CS* IT, 2.82+0.16 3.03+£0.28 BS<CS*
1,Gy 1.15+0.14 1.31+0.13 n.s. 1,G, 0.90+0.22 0.74+£0.17 n.s.
1,Gy, 0.92+0.06 0.98+0.09 n.s. 1,G, 0.71+0.09 0.72+0.14 n.s.
* . p<0.05, **:p<0.01, n.s. : nosignificant
Table3  Applied force in BS and CS
Horizontal peak force [N/kg] Vertical peak force [N/kg]
BS CS BSvs CS BS CS BSvsCS
PFR, 11.40+2.13 7.38+2.89 BS > CS ** PFR, 9.66+2.06 8.49+2.90 n.s.
PFF, 11.62+0.64 10.78+0.78 n.s. PFF, 14.17%0.72 13.88+0.99 n.s.
PF1, 10.69+1.34 11.10£1.18 n.s. PF1, 19.43+1.66 18.72+1.72 n.s.
PF2, 9.82+0.52 9.70+0.63 n.s. PF2, 19.64+3.64 17.87+1.39 n.s.
** : p<0.01, n.s. : no significant
Table 4 Foot spacing and Arm force at the set position in BS and CS
Foot spacing® [cm] Arm force [N/kg]
BS CS BSvsCS BS CS BSvs CS
?ﬁj{ 70504870  80.87+794  BS<CS** FA, 061040  0.47£0.32 ns.
FfLOOT 43674908  4258+12.07 ns. FA,  7.09+0.44 5.99:+0.59 BS > CS **
“Distance from starting line to block ** . p<0.01, ns. : no significant
Table5  Joint angle at the block clearance in BS and CS
Joint angle at the Set position Joint angle at the moment of the block clearance
[deg.] [deg.]
BS CS BSvs CS BS CS BSvs CS
0,s -25.06+7.96 -16.88+8.82 BS<CS** Oua  25.30%7.57 28.28+8.70 n.s.
Ohes  41.90%£5.09 50.86+4.87 BS<CS* Ohre  155.32+£9.43 157.60+12.16 n.s.
Ohrs 72.38+9.87 88.08+£12.39 BS<CS* O 86.14+7.86 78.17+6.80 BS>CS*
Os 107.8418.86 108.29+12.77 n.s. Orq 170.15+3.97 166.39+5.27 n.s.
Ow.s 1243311854  131.85+27.43 n.s. O  83.64+11.24 90.30+13.33 n.s.
045 102.38%5.11 81.93+£7.98 BS>CS** O 143.13+£3.18 139.79+£4.79 n.s.
0,s  97.69%£7.90 95.16+8.71 BS>CS* 04  89.66+4.77 88.50+5.90 n.s.

*:p<0.05, **:p<0.01, ns. : no significant



Table 6  Joint angle at the 1% step in BS and CS
Joint angle at the moment of the 1% step contact Joint angle at the moment of the 1% step release
[deg.] [deg.]
BS Cs BSvs CS BS Cs BSvsCS
Ou-1c 25.75+841 29.56+8.05 n.s. Ou-1r 36.21+10.22 37.12+10.01 n.s.
One1e  140.82+9.28 145.39+7.52 BS<CS* Onerr  77.74£9.09 81.13+6.79 n.s.
Oh1e  94.29+9.06 96.16+10.91 n.s. Operr  157.85%£14.32  159.09+10.00 n.s.
Okee  123.35+13.61  132.18+12.85 n.s. Okerr  93.031£7.40 91.83+9.12 n.s.
Oke  113.59+5.30 108.17+6.06 n.s. Oy  156.08+6.15 158.72+6.94 n.s.
Osr1c 141.73+£9.57 142.27+15.58 n.s. 0,1  87.94£3.15 87.94+2.73 n.s.
Ou1c  87.74£6.92 87.93+8.06 n.s. Op1r 138.47+7.64 139.89+8.01 n.s.
*: p<0.05, n.s. : no significant
Table 7 Joint angle at the 2™ step in BS and CS
Joint angle at the moment of the 2™ step contact Joint angle at the moment of the 2™ step release
[deg ] [deg ]
BS CsS BSvsCS BS CS BSvsCS
Ouoc  37.8218.52 38.25+10.20 n.s. Ouor 42.65+9.20 43.55+10.02 n.s.
Ohtoe  95.94£11.23 98.59+13.99 n.s. Oneor 1571241440  161.06+12.82 n.s.
Onoe 147241319  146.61+6.55 n.s. Onor  83.23%£7.12 81.33+£7.09 BS>CS*
Okroe  113.23+6.29 112.22+7.18 n.s. Okor 15250+1256  155.89+8.97 n.s.
Okeoe 1176521470  122.49+11.33 n.s. Okor  93.79+12.59 94.74+£9.52 n.s.
Oa0c 86.21%3.26 86.70+£3.42 n.s. 0.1 133.96+8.77 139.25+4.26 n.s.
040 140.11+£1255 144.05+12.80 BS<CS* Oy  91.26+7.05 92.64+11.09 n.s.
*: p<0.05, n.s. : no significant
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