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Objective: The purpose of this study was to determine the relationship between impact and
shear peak force, and tibia-accelerometer variables during running.

Method: Twenty-five male heel strike runners (mean age: 23.5+3.6 yrs, mean height: 176.3+
3.3 m/s, mean mass: 71.8+9.7 kg) were recruited in this study. The peak impact and anteroposterior
shear forces during treadmill running (Bertec, USA) were collected, and impact shock variables
were computed by using a triaxial accelerometer (Noraxon, USA). One-way ANOVA was used
to test the influence of the running speed on the parameters. Pearson's partial correlation was
used to investigate the relationship between the peak impact and shear force, and accelerometer
variables.

Results: The running speed affected the peak impact and posterior shear force, time, slope,
and peak vertical and resultant tibial acceleration, slope at heel contact. Significant correlations
were noticed between the peak impact force and peak vertical and resultant tibia acceleration,
and between peak impact average slope and peak vertical and resultant tibia acceleration average
slope, and between posterior peak (FyP) and peak vertical tibia acceleration, and between posterior
peak instantaneous slop and peak vertical tibial acceleration during running at 3 m/s. However,
it was observed that correlations between peak impact average slope and peak vertical tibia
acceleration average slope, between posterior peak time and peak vertical and resultant tibia
acceleration time, between posterior peak instantaneous slope and peak vertical tibial acceleration
instantaneous slope during running at4 m/s.

Conclusion: Careful analysis is required when investigating the linear relationship between
the impact and shear force, and tibia accelerometer components during relatively fast running
speed.

Keywords: Impact force, Shear force, Impact shock, Accelerometer, Tibia acceleration slop,
Impact force slop, Running
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Figure 1. Vertical ground reaction force and tibia acceleration-
time graphs with variables: IP (peak impact), IPS (peak impact
average and instantaneous slope), PTA (peak vertical and
resultant tibial acceleration), TPTA (time to peak vertical and
resultant tibial acceleration, and AS (peak vertical and resultant
tibial acceleration of average and instantaneous slope).
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Table 1. Comparison of the mean (SD) of the vertical and posterior force components as a function of running speed

speed P TIP AIPS IIPS FyP TFyP FyPS
(BW) (ms) (BW/s) (BW/s) (BW) (ms) (BW/s)
3m/s 179 (37) 414 (4.4) 56.2 (16.6) 43.9 (12.5) 035 (0.06) 63.0 (9.9) 6.0 (2.3)
4 m/s 2.15 (27) 3800(56) 7010 (142)  57.40 (11.0) 047 (08) 57.80 (7.3) 830 (1.8)
Fvalues (p)  14.70 (.000) 557 (022) 1018 (002)  1641(000) 3157 (0000) 430 (043)  14.89 (.000)

IP=impact peak, TIP=time to impact peak, AIPS=average impact peak slope, [IPS=instantaneous impact peak slope, FyP=posterior
force peak, TFyP=time to posterior force peak, FyPS=posterior force peak slope

Table 2. Comparison of the mean (SD) of the tibial acceleration components as a function of running speed

speed PVTA TPVTA PRTA TPRTA PVTAAS PRTAAS PVTAIS PRTAIS
(9 (ms) (9 (ms) (9/9) (9/9) (9/9) (9/9)
3m/s 6.9 (2.4) 37 (5.0) 92 (2.9) 36 (6) 191 (73) 269 (104) 198 (69) 266 (113)
4 m/s 96 (3.1) 32 (5) 13.5 (4.7) 32 (5) 305 (107)  435(210) 323 (140) 415 (216)
F(p)  11.82(001) 843 (005 14.86(000) 372 (059) 19.51(000) 12.49 (000) 16.04 (000)  9.23 (003)

PVTA=peak vertical tibial acceleration, TPVTA=time to peak vertical tibial acceleration, PRTA=peak resultant tibial acceleration,
TPRTA=time to peak resultant tibial acceleration, PVTAAS=peak vertical tibial acceleration average slope, PRTAAS=peak resultant
tibial acceleration average slope, PVTAIS=peak vertical tibial acceleration instantaneous slope, PRTAIS=peak resultant tibial acceleration

instantaneous slope

22HH 03 3 9 EE 715 S(PTA: peak vertical and
resultant tibial acceleration), L|3 A= 7t&5E A[ZHTPTA: time
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Figure 2. Correlation between impact peak (IP) and peak vertical (PVTA), and resultant tibia acceleration (PRTA) and between their

times each running speed.
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Figure 3. Correlation between average impact peak slope (AIPS) and peak vertical (PVTAAS), and resultant tibia acceleration average
slope (PRTAAS), and between instantaneous impact peak slope (IIPS) and peak vertical (PVTAIS), and resultant tibia acceleration
instantaneous slope (PRTAIS) at each running speed.
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Figure 4. Correlation between posterior peak (FyP) and peak vertical (PVTA), and resultant tibial acceleration (PRTA) and between

their times at each running speed.
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