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The goal of this research was to determine whether gender differences exist in impact 
force and impact shock variables at stance phase during a preferred velocity running. 
Twelve male and ten female recreational runners were selected for this study. 
Comparisons of parameters relating to impact force and impact shock, which attained 
from time domain, and impact shock parameters, which were anal'yzed in frequency 
domain, were made between genders. There were no significantly differences in a 
magnitude of impact force and head and tibia acceleration between genders, but PSD 
(power spectral density) of peak impact shock at the tibia (p <. 05). Both male and female 
runners attenuated power between the tibia and head in 12-20 Hz impact range. However, 
female recreational runners exhibited that peak impact shock attenuation in the transfer 
function moved toward a high frequency band. 
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INTRODUCTION: During running, 'impact force and impact shock transmitted to the body. If 
these impacts work positively on the body, the musculature and bone would be strengthened. 
On the other hand, it has been known that repetitive impact, affecting on the joint and 
cartilage of the lower extremity, was one of major factors to occur injury and pain during 
running (Collins & Whittle, 1989). Impacts are being attenuated by muscle, cartilage and the 
action of the lower extremity's segment movement during the locomotion of human (Nigg et 
al., 1995; Shorten & Winslow, 1992). It was reported that female runners were vulnerable to 
running injuries, such as patellofemoral pain syndrome, iliotibial band friction syndrome, and 
tibial stress fractures compared to male runners (Taunton et aI., 2002). It was speculated that 
gender difference in physical structure might affect on running mechanics, which may lead to 
specific running injuries. Little study has been devoted to differences in impact force, impact 
shock, and shock attenuation between male and female during running. The goal of this 
research was to determine whether gender differences exist in impact force and impact 
shock variables at stance phase during a preferred velocity running. 

METHODS: Twelve male and ten female subjects volunteered to participate in this study 
(mean ± SO male height: 178.7 ± 5.5 cm, female height: 165.5 ± 4.3 cm; male mass: 72.8 ± 
3.0 kg. female mass: 58.9 ± 3.2 kg; male age: 25.4 ± 4.8, female age: 23.5 ± 3.1). They were 
asked to run at their preferred running speed (male preferred running speed: 2.6 ± 0.2 m/s; 
female: 2.0 ± 0.1 m/s) with heel-toe running and step on a force plate (9286AA Model, Kistler, 
Switzerland) embedding on the ground. Axial accelerations of the tibia and mouth were 
measured using low-mass accelerometers (8776A50 Model, Kistler, Switzerland, 4.5 g). One 
accelerometer was fasten using surgical tape and attached onto the distal portion of the right 
tibia. The other attached to a long stick to bite with the mouth. Data from a force plate and 
both accelerometers were sampled with 1000 Hz for 20 sec. To take off the impact force 
from a vertical ground reaction force curve, a high-pass Butterworth fitter of 4th order was 
used. In addition, a 4th order Bandpass filter was applied to separate impact shock wave out 
from acceleration signals. The power spectral densities (PSD) of two acceleration signals 
from each 3 strides were determined in FFT (fast Fourier transformation) techniques. 
Acceleration samples beyond toe-off were set to zero to remove non-contact phase data 
from the sample. Active peak and impact peak of the impact shock during the stance phase 
were found at 4 to 8 Hz and 12-20 Hz, respectively (Shorten and Winslow, 1992). The 
attenuation of the impact shock between the tibia and head was determined in the time 
domain using peak accelerations (PA):IA = (1-PAmoulh/PAtibia). Attenuation was also calculated 
in the frequency domain using a transfer function equation: T = 1010g10 (PSDmouth IPSDtibia). 
Comparisons of parameters relating to impact force and impact shock attained from time 
domain, and impact shock parameters, which were analyzed in frequency domain, were 
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Male Female F-value 

1.10 ± 0.31 0.74 ± 0.22 1.75 
25.8 ± 5.0 26.0 ±5.4 0.25 
3.8 ± 0.8 2.5± 0.8 3.40 
22.1 ± 6.1 25.1 ± 1.0 3.70 
0.82 ± 0.2 0.69 ± 0.3 0.60 
0.77 ±0.13 0.73 ±0.15 0.31 

0.0221 ± 0.0019 0.0032 ±0.0004 9.52' 
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0.0132 ±0.0051 0.0279 ±0.0007 2.81 
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0.0670 ±0.0220 0.0334 ±0.0181 0.65 
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made between genders. A repeated-measures ANOVA was used to test the difference of 
these variables between genders (p <. 05), but shock attenuation was assessed qualitatively. 

Figure 1 Transfer Functions between Tibia and Head Accelerations for each Gender. 

Though it was reported that the gender difference in a musculoskeletal structure and 
kinematical movement of the body segments, playing a role in attenuating the impact during 
locomotion, little quantification has been conducted a difference in impact variables 'between 
genders during a preferred velocity running. The vertical peak impact force, generating 
harmful' stress (Collins & Whittle, 1989), of the male group was greater by 0.36 SW than 
female group, having a lower preferred-running speed as it was suggested that vertical 
impact force increased with running speed (Nigg et a1.1987; Frederick et al. 1981), but not 
statistically difference between genders. 
Peak acceleration of the tibia in this study, which coincided with previous study, indicated 
that it was affected by running speed (Clarke et aI., 1985; Lafortune & Hennig, 1988), but a 
significant difference was rarely made between genders. It was speculated that peak 

RESULTS AND DISCUSSION: Table 1 summarized all of the impact force and shock 
variables between genders during a preferred velocity running. Figure1 showed average 
transfer function to assess the impact shock attenuation from the tibia up to the head. 

Table1 Mean and SO of Impact Force and Shock for Male and Female Group. 

Variables 

PSD of tibia's impact shock peak 
(g2 /Hz ) 
Tibia's shock peak frequency (Hz) 

PSD of tibia's active peak (g2/Hz)
Frequency
Domain Tibia's active peak frequency (Hz) 

PSD of mouth's max. shock peak 
(g2/Hz ) 
Mouth's max. peak frequency 
(Hz) 

Impact force peak (BW) 

Time to impact peak (ms) 

T 
· D . Tibia's peak ace. (g)
Ime omaln. . . 

Time to tibia's peak ace. (ms) 

Mouth's peak ace. (g) 

Shock attenuation 
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acceleration was depended on the body tissue's damping effects for impact as well as 
running speed. 
Peak passive shock of the tibia in frequency domain of the male group was significantly 
greater than that of the female group. It meant that the male group took relatively greater 
shock at the tibia compared to the female group during running regularly -it would be 
affected by gender difference in a preferred velocity for running. 
It was important to notice the attenuation of impact shock from the tibia up to the head from 
clinical point of view, because repeated shock waves during running associated with 
degenerating the joints (Simon et aI., 1972; Radin et aI., 1'973; Milgrom, 1989). The body 
attenuation of peak acceleration from time function was completed by 70 to 80% in both 
genders, which supported the previous findings (Hamill et ai, 1995; Valiant et al; 1987; 
Shorten & Winslow, 1992), but didn't significantly show the difference between genders. The 
transfer function used to examine attenuation of spectral power from the tibia to the 
head showed that both the male and female group attenuated power in 12 -20 Hz, which 
might be implicated in musculosksletal injury (Nigg et aI., 1995; Radin et ai, 1973). These 
results in both groups agreed with previous studies (Hamill et ai, 1995; Shorten & Winslow, 
1992; Voloshin et ai, 1985). However, the peak shock attenuation in transfer function showed 
that the male group was around 15 Hz and female group moved toward higher frequency 
band. Voloshin et. AI. (1985) suggested that patient's, being recovery from the march fracture 
of a bone, peak shock attenuation moved toward a high frequency band at least by 10 Hz 
compared to healthy person. Based on this previous study, the hypothesis that female's body 
was relatively more vulnerable to impact shock than male at a preferred velocity running. It 
was also speculated that the difference of peak shock attenuation in transfer function 
between genders was resulted from the gender difference in muscle function against shock 
(Paul et al. 1978; Michael et al'., 2003), structure and function of joints and segments 
(Yoshioka et aI., 1989), and kinematical function of the lower extremity (liberio, 1987; Cowan 
et aI., 1996; Mizuno et aI., 2001) during running. Further work will be needed to examine the 
relationship these body's function and peak shock attenuation. 

CONCLUSION: There were no significantly differences in impact force, mouth and tibia peak 
acceleration at stance phase during a preferred velocity running between genders, but the 
difference in PSD (power spectral density) of peak impact shock at the tibia was made 
(p < .05). Both the male and female group attenuated power in 12 -20 Hz, which might be 
implicated in musculoskeletal injury, but female recreational runners exhibited that peak 
impact attenuation moved toward more high frequency band. Based on results of this study, 
the impact shock at the tibia and its body attenuation should be differently evaluated between 
genders during a preferred velocity running and these results could be applied to 
consideration, such as in hardness of running shoe midsoles and inserts. 
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