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Abstract. Incidence of falling among elderly female has been reported to be much higher than that of elderly male. Although 
the gender differences in the elderly were reported for the static postural sway, there has been no investigation of the gender 
difference for the dynamic postural sway. This study investigates how age and gender affect the postural sway during dynam-
ic squat and stand-up movement. 124 subjects (62 subjects for each of young and elderly) performed consecutive squat and 
stand-up movement, 2 times in one session, and 2 sessions per subject. Center of pressure (COP) was measured using force 
platform during the test. Outcome measures included peak-to-peak sways of the COP (COP sway) in the sagittal plane (an-
teroposterior) and frontal plane (mediolateral) and also those normalized by body height. Two-way ANOVA and post-hoc 
comparisons were performed for the outcome measures with the independent factors of age and gender. All outcome 
measures, excluding mediolateral COP sway, showed significant interaction of age and gender (p<0.05). Post-hoc test re-
vealed that only female showed increase in COP sway with age. When normalized by height, increase in COP sways (both 
directions) with age significant only in women resulted in greater sways in elderly female than elderly male. This may be 
related to the greater fall rate of elderly female than that of elderly men while performing dynamic activities. 
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1. Introduction 

One third of old people (65 yrs or above) falls at least once in one year [1–3]. Recurrent falling 
worsens the quality of life and even results in mortality. Falls were reported to occur more among 
women than men for the old subjects. The fall ratio of old women was reported to be higher than that 
of old men (from 10 to 49%) [4–6]. The control ability of postural balance was shown to predict falls 
[7–10]. If the postural control ability is different between genders, then it may associate with different 
fall ratios between genders.  
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Postural stability comprises static and dynamic ones, where these two were shown to be uncorrelat-
ed [11], indicating that they must be evaluated separately. Dynamic postural instability has been 
shown as an important risk factor of falling. Bergland and Wyller showed that inability of transfer task 
(to rise from the floor) was a significant risk factor of serious injuries resulting from falls [8]. Sponta-
neous sway was predictive of falls but perturbations-induced dynamic sway was not predictive of falls. 
The spontaneous and the perturbed sways were not correlated or even inversely related [12,13]. It was 
also reported by Hill et al. that many of the falls occur during normal activities such as walking [14].  

From the literature survey, a hypothesis is made, i.e. the spontaneous sway would show the age and 
gender difference related to the fall rates. Though the age and gender differences in static postural 
sway was reported [15], there has been no investigation on the age and gender differences of the sway 
during spontaneous dynamic task. Reports available are only the gender difference of the sway during 
overhead throwing among the elderly subjects [16], and only the age differences in weight-shift and 
clinical locomotion tasks [17,18]. As for the spontaneous dynamic task, 'squat and stand-up' move-
ment task was chosen in the current study. The task is simple and similar to the 'rising from the floor' 
task whose instability was indicated as a significant risk factor of fall-related injury [8].  

The objective of the present study is to investigate the possible influence of age and gender on the 
dynamic postural sway during squat and stand-up movement. Two-factorial experiment was designed 
for this investigation, i.e., with the independent factors of gender and age and the dependent variables 
of dynamic postural sway. 

2. Methods 

2.1. Subjects 

Participants were 62 numbers of subjects of 60 years old and more (range: 65-86 years) and 62 
numbers of young college students (range: 18 - 25years). Ratio of men to women was controlled to be 
even. Mean age was managed to be comparable between genders. Inclusion criteria were independent 
walking ability, no disease or injury affecting the dynamic movement. Table 1 shows the de-
mographics. BMI was not different between genders (p=0.15) and no interaction of gender and age 
existed (p=0.62). BFR was higher in women (p<0.001) throughout age groups, which was shown to be 
common in Asian populations [19]. Written informed consent was provided by all participants. 
 

Table 1 

Participants demographics 

Anthropometrics 
Individual groups 
Young Male Young Female Elderly Male Elderly Female 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Age [years] 21.1 (2.2) 20.3 (1.1) 73.2 (3.3) 73.4 (5.6) 

Height [cm] 174.5 (5.9) 161.8 (4.2) 163.8 (5.9) 150.0 (5.4) 

Weight [kg] 69.0 (9.9) 57.9 (5.9) 68.5 (10.0) 55.3 (7.5) 

BMI [kg/m2] 22.6 (2.7) 22.1 (2.3) 25.5 (2.7) 24.6 (2.7) 

BFR [%] 19.1 (4.4) 26.8  (4.7) 28.1  (5.0) 37.3  (3.7) 

J.-W. Kim et al. / Age–gender differences in the postural sway during squat and stand-up movement2708



 
Fig. 1. Representative center of pressure (COP) trajectory in each subject group. 

2.2. Experiments and outcome measures 

Subjects were instructed to squat from initial natural standing posture and consecutively stand-up on 
a force platform, 2 times in one session and 2 sessions per subject. Trajectory of center of pressure 
(COP) was measured in anteroposterior (AP) and mediolateral (ML) directions. Absolute COP sway 
(amplitude) was calculated as the maximal excursion of COP during the task. Relative COP sway was 
calculated by dividing the COP sway (in mm) by the subjects' height (in m), [16] to make the dimen-
sion of the sway equivalent to the sway angle [20,21]. Outcome measures included the absolute and 
relative COP sways, in AP and ML directions. 

2.3. Statistical analyses 

2-way ANOVA was performed on the outcome measures (absolute and relative COP sways) with 
the independent factors of age and gender. If the interaction of the factors is significant, post-hoc anal-
ysis was performed by independent t-test. To minimize type II error in the tests, the significance level 
was decided as p<0.05 without Bonferroni corrections [22]. SPSS (ver. 16) was used for the statistical 
analyses. 
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(a) absolute COP sway 

 
 (b) Relative COP sway (normalized by height) 

Fig. 2. COP sway in 4 subject groups. 
*: significant age-difference (gender-specific), †: significant gender difference (age-specific) 

 
Table 2 

Results of 2-way ANOVA 

outcome 
measures direction 

main effect 
interaction 

age gender 

COP sway 
[mm] 

AP ** 0.54 * 

ML *** 0.56 0.07 
COP sway 
normalized 
by height 
[mm/m] 

AP *** * * 

ML *** 0.23  * 

Note: *p<0.05; **p<0.01; ***p<0.001 
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3. Results 

Figure 1 shows the representative COP trajectories for the 4 subject groups. The young female 
showed the smallest COP sway and the elderly female showed the largest sway. Figure 2 shows the 
absolute and relative COP sways. Table 2 is the result of statistical analysis. Interaction between gen-
der and age was significant for all outcome measures (p<0.05), except for the absolute ML COP sway. 
Even the absolute ML COP sway showed a tendency of interaction (p=0.07). Simple main effects are 
shown in Table 3. Only female showed age-related increase in the absolute COP sway in both direc-
tions (p<0.01). In both genders, relative COP sways (in both directions) increased with age, however, 
they were different between genders only for the elderly subjects (p<0.05). 

 
Table 3 

Result of post-hoc tests (student t) 

outcome 
measures direction 

gender difference  
(in each age group) 

age difference  
(in each gender group) 

Young Elderly Male Female 

COP sway
[mm] 

AP 0.08  0.18  0.61  *** 
ML 0.01  0.12  0.12  ** 

COP sway 
normalized 
by height 
[mm/m] 

AP 0.69  *** *  *** 

ML 0.45  * *  *** 

Note: *p<0.05; **p<0.01; ***p<0.001 
 

4. Discussion and conclusion 

The main finding of this study is that the dynamic postural sway during squat and stand-up move-
ment increases with age only for female, i.e. both in AP and ML directions. When normalized by 
height, COP sway was greater among elderly females than elderly males, but the sway was similar 
between genders in the young. This indicates the voluntary dynamic postural control, which was com-
parable in the young, degrades more rapidly for female than male with the increase in age.  

The gender difference in voluntary dynamic postural control observed in this study may be due to 
any gender difference in sensory, central processing, and musculoskeletal functions. In the absence of 
accepted gender-related differences in the sensorimotor conduction and processing functions sub-
serving balance, we propose that musculoskeletal factors as the cause of the gender difference in dy-
namic balance. This hypothesis is supported by the comparable pre-motor time (time duration from 
external stimulus to the onset of muscle activation) between the elderly genders as well as young gen-
ders [23,24]. 

Candidate features of muscle responsible for the gender difference include the speed and strength of 
muscle, which determines the muscle quality [25]. Speed of contraction inside muscle can be mani-
fested by the motor time (EMG onset to muscle force onset). Elderly females have longer motor time 
than elderly males at ankle and hip muscles, but the motor time was similar between genders among 
the young [23,24]. The number and diameter of fast muscle fibers (myosin heavy chain IIa) were 
shown to be smaller in elderly females than in elderly males, which were similar between genders 
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among the young [26]. Moreover, elderly females, compared to elderly males, were shown to have 
lower velocity of whole muscle during double leg press [27], and slower reaction to surface perturba-
tion of forward translation [28]. The slower speed of leg muscles may contribute to the worse balance 
control (due to untimely response to imbalance), and may also be related to the greater COP sway dur-
ing dynamic squat-and-stand task. 

It was also reported that the muscle strength differs between elderly genders. Maximal power of 
concentric contraction during jumping and the maximal eccentric torque of plantarflexors were lower 
in the elderly females than in the elderly males [29,30]. The squat-and-stand task of this study includes 
both concentric and eccentric phases so that smaller strength of both phases in elderly females may 
have influenced the worse balance during the task.  

It is noted that the gender difference in postural sway during static standing was significant only in 
mediolateral direction [15]. The squat-and-stand task adopted in this study is more difficult task than 
the quiet standing. It might be that the maximal performance in lower extremity muscles in charge of 
anterioposterior control was not much important in case of quiet standing, but the role of these mus-
cles became important in more difficult squat-and-stand task.  

The occurrence of falls and the associated injury are major public health problems for elderly fe-
males. The gender difference in balance during spontaneous dynamic task investigated in this study 
may be related to the greater fall rate of elderly female, because many of the falls occur during non-
threatening and dynamic activities [14]. Further investigations on the mechanism of the gender differ-
ence in dynamic balance are required for the prevention of falls. 
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