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SUMMARY 
The purpose of this study was to investigate the effects of sex, 
age, and their interactions on hip abductor muscle properties. 
30 elderly and 30 young healthy subjects participated in this 
study. Investigated muscle properties included torque 
amplitudes and muscle contraction timings. Torque amplitudes 
included maximum torque and its value normalized by body 
mass. In all muscle properties, there were significant age 
effects showing smaller torque amplitudes and longer muscle 
contraction timings (p<0.001). Age-sex interaction was 
significant in torque amplitudes and in electromechanical 
delay (p<0.01). Post-hoc test revealed that the elderly had 
smaller sex-difference in torque amplitudes but greater sex-
difference in electromechanical delay than the young. These 
sex-differences may contribute to the sex-difference in lateral 
balance performance.  
 
INTRODUCTION 
It was reported that elderly women have greater postural sway 
in mediolateral (ML) direction than elderly men [1]. The 
succeeding question would be ‘where does the sex-difference 
in lateral balance performance come from?’ which is the 
question about the physiology or mechanism underlying the 
sex difference in lateral balance performance. Because the 
lateral balance of elderly women is worse than elderly men [1] 
and decline in muscle function has been associated with 
balance [2], performances of hip lateral muscles in elderly 
women might be more deteriorated than those in elderly men. 
Our working hypothesis was that hip lateral muscle properties 
of elderly women would be more deteriorated than elderly 
men. Therefore, the aim of this study was to investigate 1) 
whether any sex-differences exists in hip lateral muscle 
performance and 2) whether the sex-difference, if any, belongs 
to specific age-group through factorial design with sex and 
age-group as independent factors.  
 
 
METHODS 
Subjects were standing on a custom-made platform with one 
upper-leg fixed at the hip attachment of a dynamometer.   
Subjects were instructed to abduct their legs as forcefully and 
quickly as possible in isometric condition, in response to 
audible beeps. Subjects were also instructed to relax the 
muscle as quickly as possible when the beeps terminated.  
 
 EMG and Torque were processed by custom-made program 
in Matlab (ver. 6.5 Mathworks, USA) to determine the muscle 

contraction timings in Fig. 1, such as premotor time (PMT), 
electromechanical delay (EMD) and total reaction time (TRT). 
PMT was calculated as the time from the start of beep to the 
onset of EMG. Similarly, EMD was calculated as the time 
from the onset of EMG to the onset of torque. TRT was 
defined as the sum of PMT and EMD.  
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 Figure 1: Illustrative example of muscle contraction timings. 

 
 
RESULTS AND DISCUSSION 
Fig. 2 shows muscle contraction timings. In all muscle 
properties, there were significant age effects showing longer 
muscle contraction timings (p<0.01). Regarding sex 
differences, women showed longer EMD than men. It is 
interesting to note that there was no sex difference in PMT 
(p=0.153). Age-sex interaction was significant in EMD 
(p<0.01). EMD was different between sexes only in the 
elderly (p<0.001) and age-related increase in EMD was 
significant only in women (p<0.001). There was significant 
sex-difference in TRT (longer TRT in women; p<0.01) and 
there was a tendency that this sex-difference was greater in the 
elderly so that elderly women had the longest TRT among 
four subject groups.    
 
It is interesting to note that the sex-difference in EMD was 
resulted mostly by the sex difference in EMD of the elderly 
(not of the young). Also, age-related elongation of EMD 



shown only in women (not in men) would be the main cause 
of sex difference in TRT in the elderly.  
 

YOUNG ELDERY
300

350

400

450

500

550

600

650

PM
T 

[m
s]

 MEN
 WOMEN

  
Age difference:**  Sex difference: * Age-sex Interaction: NS 

 
 (a) premotor time (PMT) 
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(b) electromechanical delay (EMD) 
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(c) total reaction time (TRT) 

 

Figure 2: Comparison of muscle contraction timings in four 
subject groups. 
 

 It is highly likely that the sex difference in EMD investigated 
in this study is associated with the sex difference in fall ratio, 
because women have longer EMD than men (from the result 
of this study), longer EMD was associated with fall experience 
[3], and women falls more than men [4].  
 
 
 
CONCLUSIONS 
Both a sex-difference and a sex-difference of age-related 
change in hip abductor muscle properties were demonstrated. 
These sex-differences may contribute to the sex-difference in 
lateral balance performance.  
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