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ABSTRACT

The purpose of this study was to analyze the kinematic characteristics of the finalists in the women’s 100 m event to provide
important information to coaches and athletes. Three different biomechanics techniques were applied for analyzing sprinter motion:
LAVEG, a panning technique, and 12 video cameras for 3 dimensional analysis of the 40 m - 70 m portion of the race. Carmelita
Jeter(USA) performed the maximum speed of 10.54 m/s at the distance of 582 m. There was a tendency to show a better
performance time with a high number of steps (p=.13) and shorter stride length (p=.14) among the 8 sprints. Furthermore, the stride
frequency and the performance time were negatively correlated as a higher stride frequency had a positive impact on the performance
time (p=.02). Based on 3 dimensional analysis, the 4 top ranked sprinters used the different strategies to maintain a high COM (Center
of Mass) velocity during the mid portion of the race (40 m - 70 m). Carmelita Jeter(USA) showed more flexed knee and hip motion
at heel contact (HC) to maintain a high COM velocity while S.A. Fraser-Pryce (JAM) showed more extended knee and hip motion at
HC. On the other hands, Veronica Campbell-Brown (JAM) and Kelly-Ann Baptiste (TRI) showed a tendency to have high knee lifts
during the swing phase to maintain the high COM velocity during the race. These biomechanical analyses of the women’s 100 m final
event in the 2011 WC, Daegu, will provide important scientific information to coaches and athletes for understanding the sprinting
mechanism of today’s top-class sprinters.
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Table 1. Finalists of Women’s 100 m

Figure 1. LAVEG (JENOPTIK, Germany) and calibration process
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Place Name Country Date of Birth Lane Result(sec) Reaction time(sec)
1 Carmelita Jeter USA 24 NOV 79 4 10.90 0.167
2 Veronica Campbell-Brown JAM 15 MAY 82 8 1097 0234
3 Kelly-Ann Baptiste TRI 14 OCT 86 5 10.98 0.151
4 S.A. Fraser-Pryce JAM 27 DEC 86 3 10.99 0.194
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Figure 2. High speed camera (Casio, Japan) and locations of each camera
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Figure 6. Speed curve of Carmelita Jeter(USA) during 100 meter
sprinting
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Table 2. Descriptive data of 8 sprinters during Women’s 100 m final

Time Reqction 4 of Step Stride

Rank (se€) Time Steps Length Frequency

(sec) (m) (# of steps/sec)

1 1090 0.167 50.50 1.98 4.63
2 1097 0.234 49.60 202 452
3 1098 0.151 50.00 2.00 455
4 1099 0.194 50.00 2.00 455
5 11.12 0.147 47.40 2.11 426
6 1115 0212 47.00 2.13 422
7 11.27 0.156 50.00 2.00 4.44
8 11.33 0.164 47.60 2.10 420
Mean  11.09 0.178 49.01 2.04 442
iSD  #0.15 +0.032 1142 006 10.17
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Figure 7. Correlations between performance time and descriptive variables
(steps, stride length, reaction time and stride frequency)
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Figure 8. Changes in Carmelita Jeter’s joint angles of the right leg and trunk over time during 40 m- 70 m race(HC: Heel Contact, TO: Toe Off)
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Table 3. Joint angles (maximum, minimum, at HC, at TO and Range of Motion) of top 4 sprinters during 40 m to 70 m sprinting

Angle Carmelita Veronica Kelly-Ann S.A. Fraser Mean SD
Jeter(USA) Campbell-Brown(JAM) Baptiste(TRI) Pryce(JAM)
ankle (°) max 152.05 160.47 154.52 153.20 155.06 375
min 110.19 111.39 106.08 112.82 110.12 2.90
HC 12327 118.18 111.70 123.69 119.21 5.60
TO 147.64 146.17 141.33 145.30 145.11 2.70
ROM 41.85 49.09 4844 40.38 4494 447
knee (°) max 156.28 149.45 146.82 158.90 152.86 5.67
min 4023 37.29 4233 41.53 4035 221
HC 15333 142.13 141.88 151.84 147.30 6.14
TO 140.14 140.10 135.18 147.02 140.61 4.87
ROM 116.1 112.2 104.5 1174 112.55 5.80
hip (°) max 173.62 173.77 175.13 171.03 173.39 171
min 105.66 RN.55 10021 109.30 101.93 728
HC 151.92 121.67 126.62 144.74 136.24 1441
TO 172.24 172.36 173.50 167.56 171.42 2.63
ROM 67.97 81.22 74.92 61.73 71.46 8.45
trunk (°) max 87.64 76.42 81.72 85.08 82.72 4.85
min 79.24 69.66 7497 72.20 74.02 4.10
HC 83.45 74.69 79.44 81.59 79.79 3.78
TO 79.66 70.61 75.76 73.66 74.92 3.80
ROM 8.40 6.76 6.75 12.88 8.70 2.89
Avg.COM 1051 1048 1041 1045
Velocity (mysec) £0.17 +0.16 10.16 +0.20
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Table 4. Correlation coefficients(R) between velocity of center of mass
(VCOM) and the angles of sprinters during 40 m-70 m (max:
maximum, min: minimum, HC: Heel contact, TO: Toe off, FE:
flexion and extension)

Angle Jeter Campbell Baptiste Fraser
ankle max 0.6158 04165 -0.7952* -0.2513
FE min  -0.1446 -0.3602 0.8916* 0.6864

HC 03111 0.2407 0.5135 02271
TO 0167 0.6663 0.6353 -0.5226
knee max 0.7025 -0.7105 -0.0125 0.501
FE min  0.5767 04525 0.1327 0.5708
HC -0.8763* -0.4094 -0.3373 0.8079*
TO -0.4436 -0.7276 -0.2317 -0.3711
hip max -0.6796 0.5347 0.0956 -0.2301
FE min 02324 -0.8608* -0.8916* 0.5407
HC -0.7883* -0.5204 -0.8260* 0.9030*
TO  0.6887 04014 0.7666* -0.585
trunk  max 05186 -0.3558 -0.1382 0.5679
FE  min 06365 0.1528 03341 0.6416
HC 04927 -0.3363 -0.6621 04241
TO  -0.6032 -(.7689* -0.4808 0.6951
*p< 05
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Michele & Merni, 2010).

oA - Ze AR 40 msolu o] AA]7]9] AlE 7oA
o F4%] vt T2 4 Utk 19E §F Carmelita
Jeter(USA)= AAITAY £E5 =o]7] 9% dgFog A

AHOoIE 23 18d8S %J:— Al 7lee Aokt WiiE
SA Fraser—Pryce(]AM)Q] A= 7 BESe AA
AzoEA AT & %EO]E%‘C %ﬂ‘—”l‘"g l‘i‘ﬂ—;f‘i’ 3
o} 71 9]l Veronica Campbell -Brown (JAM)¢] Z-$-oll= 414
A 25 =A FA8] AslA o)A Al (TO)°ﬂ e o
ol 7t FEd AeE etk abte]  Veronica
Campbell-Brown(JAM)# Kelly-Ann Baptiste (TR))= #]3-7]°]
A FES w8l A=A Sele TS FeElA AASA

=/ frAlskEaL skl

FeHAQl Zdlg FallA Qzte] =HE S 9= 100 m 7=
of gt o5 mdo] Xﬂ/\]ﬂ0413]—(Peronnet & Thibault, 1989).
dAke] 74 937%9} 2= 101527} ¢17He] §HA|(Ultimate
performance)7} 2 Aolgkal HSH AR A2} 100 m7| S
200090 10.66%2] 7123} 2028\ 0l 1046327} o4 o
Aok &8, WA 100 me] 712 o]v] Usain Bolt(JAM)©] 958
%9 71502 o 20071 UFAXL e HHE] oA} 100
m 7]E& o} Azt UehA] &ar 1988139 Florence
Griffith-Joyner(USA)¢] 715 FAIHL 3ot & 75 53l
A AARAE A2 100 m LYE AFES AF7L (40 m70
m)9] AAEAANT ] RS T HAe HrE L 77
715& W3E] A afre WS JPW T ALk o5
Efﬂi 3 oz} 9AE S4FEY S 2o WA A}

Z Bt oje} AA AE oz} ©AE] A5E] H71E ]
a éﬁi of tig A5r} del 45715 7|disji.

o)
=

o

SEEE]

Ciacci, S., Michele, R D. & Merni, F.(2010). Kinematic analysis
of the braking and propulsion phase during the support
time in sprint running. Gait & Posture, 31, 209-212.

GAF(Q2009). Scientific research report at the 2009 Berlin WC
German Athletics Federation.

Harrison A. J., Jensen, R. L. & Donoghue, O.2004). Reliability
and Validation of ILaser Distance and Velocity

during  Running.  Proceeding  of
International Society of Biomechanics in Sports, 39-42,
Ottawa, Canada.

Hunter, J. P., Marshall, R. N. & McNair, P. J.(2005). Relationships
between ground reaction force impulse and kinematics

Determination

of sprint-running acceleration. Journal of Applied
Biomechanics, 21, 31-43.

JAAF(2007). Bionechanics report of Japan biomechanics research
project in IAAF World Chanpionships in athletes for the
2007 Osaka WCedited by Ae, M.), Japan Association of
Athletes Federations.

Mackala, K.(2007). Optimisation of performance through kinematic
analysis of the different phases of the 100 metres. Aew
Studies in Athletes, 22(2), 7-16.

Peronnet, F. & Thibault, G.(1989). Mathematical analysis of



528 Ji-Seon Ryu -Jae-Kyun Ryu -Tae-Sam Kim - Young-Jin Park -Won-Seob Hwang ‘Suk-Hoon Yoon -Sang-Kyoon Park

running performance and world running records. Journal
of Applied Physiology, 67(1), 453-465.

Schiffer, J. (2009). The sprinters. Aew Studies in Athletes, 24(1),
7-17.

Vonstein, W.(1996). Some reflections on maximum speed sprinting
technique. New Studies in Athletes, 11(2/3), 161-165.



