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Three methods have been used for defining the allowable increase in force on the starting blocks prior to 100 ms having elapsed from the start gun [1,2]. One method is to define an upper bound on the increase in force (i.e., 25 Kgf [3]) that a sprinter can apply to the starting block within 100 ms.  A second is to use a measure of the rate of increase of the force applied to the start block.  A third is to use an accelerometer on the start block to detect the onset of forward propulsion by the sprinter.  In what follows we consider the first method because of its apparent use at 2008 Beijing Olympics.

It is presently unclear what value of the force threshold should be used to decide whether a female sprinter has false started.  Thelen et al. demonstrated that females have a significantly faster premotor time but slower rate of generating plantarflexor force [4].  One approach is to determine the maximum force that a female sprinter can apply to a starting block in the time that a male sprinter takes to develop 25 Kgf on the starting blocks.  This value then becomes an initial estimate for the force threshold that would be needed to determine whether a female sprinter has false started at the Olympics.   

A first estimate for the female threshold can be made by linearly interpolating the Thelen et al rate of isometric plantarflexion torque data for healthy young adults (Table 1 in [4]).   If we multiply the putative male starting block force threshold of 245 N (25 Kgf) by the estimated lever arm that force has about the ankle joint, we can calculate the plantarflexion moment involved.  By utilizing foot anthropometric measurements [5], we can estimate the length of a lever arm acting at the first metatarsal joint as being 0.143 m for the male.  This would result in a male plantarflexion moment of 35 Nm.  From Thelen et al, this moment would take males 238 ms to develop.  We can then interpolate the Thelen data for females to find that they can develop 29.7 Nm in the same time. If we divide that moment by the corresponding female foot lever arm of 0.129 m, we obtain a foot force of 230 N or 23.5 Kgf.  Hence, a first estimate for the threshold starting block force value for females would be 23.5 Kgf, or 6% less than that of the 25 Kgf male value.  However, this estimate fails to take into account the higher strengths [6] and the more rapid rate of force development of sprinters [7,8], so we next take these effects into account.   

We used MATLAB (2011A, The Mathworks, Natick, MA) to fit a 8th-degree polynomial to the rapid plantarflexor torque development vs. time curves measured for healthy young male and female non-athletes by Thelen et al. [4].  Each curve was then normalized to its peak torque value. Young females in the original Thelen study initiated their onset of plantarflexor torque 16 ms prior to the young males, so we retained this female temporal advantage because of evidence that females detect auditory cues before males [9,10].  We multiplied the amplitude of the plantarflexor torque development curves by the mean peak values measured at 30 deg/s by elite male and female sprinters, namely 103 Nm and 85 Nm, respectively [6].  The plantarflexor torque-time relationships were then transformed into force-time relationships by dividing by the sex-specific foot lever arms used above.  Next, we need to account for male sprinters developing a 25% more rapid rate of maximal force development in their plantarflexors than untrained young males [7], and females sprinters developing a 7% more rapid force than untrained young females [8].  Therefore, the Thelen et al. force-time relationships curves were differentiated to determine the peak force development value for healthy young male and female non-athletes.  The time scale on the plantarflexor force vs. time curve was then iteratively reduced until the differential of the force-time curve resulted in a peak value that was 7% and 25% greater for the female and male curves, respectively.  This resulted in the prediction of a 7% and 20% compression in the time scale of the non-sprinter force-time relationships for females and males, respectively. We then found that female sprinters will generate 19.4 Kgf on a start block in the same time that male sprinters can develop the 25 Kgf, a 22% difference.   

These estimates of a 6 to 22% lower threshold on the start blocks being needed for women are conservative because of the use of isokinetic strength data from the sprinters and a number of simplifying assumptions.  These estimates could be refined through the use of experimental data obtained from sprinters actually competing at the Olympics.   If the force threshold used at Beijing was higher than 25 Kgf, then the percentage difference we calculate would increase, and vice versa.  Regardless, a lower force threshold for women would seem indicated.  
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