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Abstract

Background: Vision, vestibular sense, proprioception and muscle strength are required to maintain balance. However, gender
could also play a crucial role in postural sway.
Objectives: This study was used to examine (i) the impact of gender, surface type, and vision on postural sway; (ii) the effects of
gender and vision on the limb symmetry of postural sway; and (iii) to understand the effects of gender, stance, surface type and
vision on the alterations of dynamic postural sway alterations.
Methods: This was a cross-sectional study in which young, healthy men (n = 15) and women (n = 12) underwent a balance control
assessment using a force plate (SATEL, 40 Hz). Postural stances were evaluated in different conditions: Opened eyes (EO) and closed
eyes (EC), on different surface foam vs. firm, a dominant leg stance (DL) vs. a non-dominant leg stance (NDL), and a mediolateral
stance (ML) vs. an anteroposterior stance (AP). The mediolateral sway (ML sway), anteroposterior sway (AP sway), and sway area
were calculated from the centre of pressure displacements.
Results: ML sway, AP sway and sway area increased when eyes were closed (P < 0.000). Foam surface perturbs balance control more
than firm surface under EO and EC conditions for both genders, as observed in the AP sway curve (P < 0.000). A functional symmetry
exists between the DL and NDL for all sway parameters: The ML sway, AP sway, and sway area (P = 0.720; P = 0.292; P = 0.954). The AP
stance is more stable for the ML sway than the ML stance for both genders (P < 0.001). For the AP sway, the ML stance is more stable
than the AP sway AP direction stance for both genders (P < 0.001). Women were significantly more stable than men in the ML stance
when vision was absent (P < 0.01).
Conclusions: Postural sway was altered more significantly on a foam surface than on a firm surface and symmetry between the DL
and NDL was observed. Furthermore, we concluded that women have better dynamic balance control than men.
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1. Background

Proprioception, vision and the vestibular systems are
necessary to provide the information required to maintain
balance (1). Standing on a compliant surface (foam sur-
face), on one leg (dominant or non-dominant leg), or clos-
ing one’s eyes can perturb this balance (2, 3)

Few studies have investigated the effects of gender on
balance control while taking into account the surface (firm
and foam), visual structure (eyes open and eyes closed),
bipedal or unipedal stance (dominant leg stance and non-
dominant leg stance), but the findings are controversial (4,

5). Gender and vision represent potent factors that may in-
fluence postural sway (4). Several studies assessed the com-
bined effects of gender and limb dominance on postural
sway, and the results were controversial (5-7). Clarification
of the effect of limb dominance, gender and vision on pos-
tural sway could offer relevant information for clinicians
on the characteristics of men and women’s physical fitness
and be helpful in the rehabilitation field (8). However, as
we know, there are not sufficient study has explored the
impact of gender on the symmetry between dominant and
non-dominant limbs for healthy young individuals.
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Considering that the type of stance differs significantly
between firm and foam surfaces, the ability to maintain
balance evaluated in the two stances may vary (2). The
ability to maintain balance during each stance and the ad-
dition of other factors such as gender, surface and vision
should be explored (2). However, the relationship between
balance control during each stance and gender and vision
has not been examined yet. Few studies showed that fe-
males were more stable than men (9, 10), while other stud-
ies showed no difference between sexes in dynamic bal-
ance control (11-13). However, no study to date has com-
pared anteroposterior (AP) and mediolateral (ML) dynamic
postural control combined with gender and vision factors
in young, healthy individuals.

2. Objectives

Our study aimed: (1) to investigate the impact of gen-
der, the surface type, and vision on postural sway; (2) to as-
sess the impact of gender and vision on the limb symme-
try postural sway; and (3) to understand if the alterations
to the dynamic postural sway are depended on gender, di-
rectional stance and vision. We hypothesised that (1) fe-
males would have better balance sway than males; (2) pos-
tural stance would be altered when the base of support is
changed or reduced; and (3) postural sway would increase
without visual information.

3. Methods

3.1. Participants

Twenty-seven healthy, young volunteers aged between
18 and 25 years (15 men, 12 women) volunteered to partic-
ipate in the study. Table 1 details the anthropometric and
body composition measurements of the participants. Ex-
clusion criteria were: A history of balance problems (ie,
vestibular or neurological problem), lower limb muscu-
loskeletal disorder (ie, surgery, injury or pathology at the
lower limb), spinal surgery, and pregnant women. Also,
young volunteers who majored in sports were excluded be-
cause they may bias the statistics results. All participants
were required to refrain from consuming alcohol, caffeine
or any medication that could affect performance and avoid
strenuous exercise for at least 24 hours before testing. Be-
fore participating, participants were asked to give their
written informed consent and were informed about the
objective of our study. The study was approved by the hos-
pital ethics committee and conform to the principles of
the Declaration of Helsinki (1964). A physical activity ques-
tionnaire and medical history questionnaire to determine
eligibility were completed.

3.2. Measurements

The tests were performed between 10:00 AM and 12:00
PM in the Department of Physical Medicine and Functional
Rehabilitation. All assessments were performed under
identical laboratory conditions and by the same examin-
ers. All subjects’ physical characteristics were measured,
including body height, weight, and body mass index (BMI).
Body height was measured using a stadiometer. Body
weight, Lean body mass (LBM), body fat (BF) and body fat
percentage (%BF) were evaluated by Tetrapolar bioelectri-
cal impedance analysis (Tanita1-TBF-300 model). BMI was
calculated by dividing body weight (kg) by the square of
body height (m2).

3.3. Posturographic Assessment

Participants underwent a posturographic evaluation
of static balance (bipedal and unipedal stance) and dy-
namic balance by the use of a stabilometric platform (SA-
TEL). This platform is composed of a steel plate maintained
by three tri-axial transducers with a sampling rate of 40
Hz (14, 15). Participants stood shoeless on a force platform
within the Romberg’s position (feet abducted at 30°, heels
set apart by way of 3 cm), their arms striking loosely via
their sides. In the EO situation, subjects were informed to
look straight ahead at a white pass placed onto the wall 2 m
away at eye level. In the EC situation, they were instructed
to keep their gaze horizontal in a straight-ahead direction.
During the registering session, the experimenter was po-
sitioned next to the subjects to control security without
touching them or provide further instructions and insist
that the posture was preserved throughout the trials. A rest
period of 2 minutes was provided between 3 types of tests
(bipedal, unipedal, and dynamic) to cancel fatigue effects.

3.4. Bipedal Balance Control

The participants were asked to stand barefoot on the
platform in the following conditions: Firm surface with EO
or EC, Firm-EO, Firm-EC respectively, foam surface with EO
or EC, Foam-EO, Foam-EC; respectively. All trials lasted 30
seconds and were initiated with eyes open. Each partici-
pant repeated the four conditions three times in a random-
ized order and the average was used in the statistical analy-
sis. A rest period of one minute was provided between mea-
surements to avoid fatigue.

3.5. Unipedal Balance Control

Participants were standing on one leg in the following
four conditions in a randomized order: The dominant leg
with EO (DL-EO); the dominant leg with EC (DL-EC); the non-
dominant leg with EO (NDL-EO); and the non-dominant leg
with EC (NDL-EC). The subject was informed to keep the
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Table 1. Anthropometric and Body Composition Measurement a

Parameters Women Men t Value P-Value

Age (y) 21.08 ± 2.43 20.46 ± 4.06 0.46 0.648

Body height (cm) 165.33 ± 3.45 175.33 ± 10.13 -3.26 0.003

Body weight (kg) 57.04 ± 8.99 72.69 ± 15.07 -3.17 0.004

BMI (kg/m2) 20.85 ± 2.95 23.63 ± 4.68 -1.79 0.086

%BFM 23.78 ± 8.03 16.47 ± 7.98 2.36 0.027

BFM (kg) 14.2 ± 6.37 11.63 ± 6.92 0,99 0.331

LBM (kg) 42.85 ± 3.4 59.91 ± 10.19 -5.54 0.000

Abbreviations: BMI, body mass index; BFM, body fat mass; %BFM, percentage body fat mass; LBM, lean body mass.
a Data are presented as mean ± standard deviation.

non-test leg in hip flexion at 0° and knee flexion at 90°.
Three trials with thirty-second each one, were registered
for each leg, with a one-minute rest between each trial. The
trials were performed on a firm surface. The kicking leg
was defined as the dominant leg and the other leg as the
non-dominant leg.

3.6. Dynamic Balance Control

For the dynamic balance situation, participants stood
on a seesaw (radius of 55 cm and arrow of 6 cm) located
at the platform either in the ML or in the AP direction
(16). The platform turned into degree with the surround-
ing ground.

Participants were asked to face as nevertheless as pos-
sible on the platform with their hands comfortably placed
downward at both side of the body, their bare feet sepa-
rated by an angle of 30° and their heels positioned five
cm apart (14). A plastic device provided with the platform
turned into used to keep the same foot positions for all the
balance measurements. Those conditions have been de-
scribed as follows: ML dynamic direction stance with EO
(dyn-ML-EO), ML dynamic direction stance with EC (dyn-
AM-EC), AP dynamic direction stance with EO (dyn-AP-EO),
and ML dynamic direction stance with EC (dyn-AP-EC). Each
trial lasted 30 sec. Each participant repeated the four con-
ditions in randomized order three times and the average
was used in the statistical analysis. A rest period of one
minute was provided between measurements to avoid fa-
tigue.

3.7. Data Analysis

To assess the postural control of individuals, three pos-
tural variables were considered. CoP is a bivariate param-
eter that consists of fluctuations alongside the medial-
lateral (ML sway) direction and alongside the anterior-
posterior (AP sway) direction over time (17). The sway area
(mm2) is represented by the 95% confidence ellipse area.

The recording was started once the subject was ready. Test-
ing was cut off if the subject experienced any loss of bal-
ance. malfeasances were not scored.

3.8. Statistical Analysis

Variables were presented as means (standard devia-
tions). Normality (Shapiro-Wilk-Test) and equality of vari-
ance (Levene-Test) were tested. When normality and equal-
ity of variance were ensured, an independent sample t-
Test Student was conducted to compare two groups, and
a three-way ANOVA (2 × 2 × 2) was used to compare be-
tween factors. For bipedal static balance control, factors
were gender: Men and women, surface stance: Firm, foam,
and vision: EO, EC. For unipedal static balance control, fac-
tors were gender: Men and women, dominance leg: Domi-
nant leg (DL), non-dominant leg (NDL), and vision: EO, EC).
For dynamic balance control, factors were gender: Men
and women, direction stance: AP stance, ML stance, and vi-
sion: EO, EC. If significant main effects or interactions were
present, we used the Bonferroni post-hoc procedure. The
SPSS software statistical package (SPSS Inc., Chicago, IL, ver-
sion. 16.0) was used to perform statistical analysis. The
level of significance was set at P < 0.05.

4. Results

4.1. Body Composition

No significant differences were observed between
women and men regarding age, BMI, and body fat mass.
Still, body height, body weight, % BFM, and LBM were sig-
nificantly different between both genders (Table 1).

4.2. Bipedal Balance Control

Three-way ANOVA (Table 2) showed a significant im-
pact of surface for AP sway and sway area, and a signifi-
cant main impact of vision for all parameters: ML sway, AP
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Table 2. Three-way ANOVA of CoP Parameters Under Static (Bipedal and Unidepal) and Dynamic Balance Control

ML Sway AP Sway Sway Area

F Ratio P-Value η2
p F Ratio P-Value η2

p F Ratio P-Value η2
p

Static bipedal balance control

Gender 1.85 0.185 0.068 3.85 0.060 0.133 0.902 0.351 0.034

Surface 0.13 0.720 0.005 122.93 0.000 0.831 51.416 0.000 0.672

Surface × gender 1.71 0.202 0.064 0.44 0.509 0.017 0.412 0.526 0.016

Vision 89.31 0.000 0.781 76.13 0.000 0.752 15.77 0.000 0.386

Vision × gender 0.15 0.693 0.006 0.31 0.580 0.012 0.140 0.710 0.005

Surface × vision 0.05 0.819 0.002 43.42 0.000 0.634 17.238 0.000 0.408

Surface × vision × gender 0.03 0.860 0.001 0.33 0.56 0.013 0.070 0.792 0.002

Static unipedal balance control

Gender 1.850 0.185 0.068 1.51 0.229 0.057 0.014 0.906 0.000

Dominance 0.131 0.720 0.005 1,15 0.292 0.044 0.003 0.954 0.000

Dominance × gender 1.717 0.202 0.064 0.01 0.89 0.000 0.022 0.883 0.000

Vision 89.315 0.000 0.781 82.06 0.000 0.766 38.657 0.000 0.607

Vision × gender 0.159 0.693 0.006 0.36 0.552 0.014 0.000 0.978 0.000

Surface × vision 0.053 0.819 0.002 0.00 0.984 0,000 0.003 0.956 0.000

Dominance× vision × gender 0.031 0.860 0.001 0.06 0.805 0.002 0.813 0.375 0.031

Dynamic balance control

Gender 5.89 0.022 0.19 5.53 0.026 0.18 4.91 0.035 0.164

Direction 89.37 0.000 0.78 47.05 0.000 0.65 8.59 0.007 0.255

Direction × gender 4.47 0.044 0.15 0.18 0.673 0.00 2.64 0.116 0.095

Vision 77.68 0.000 0.75 56.38 0.000 0.69 85.03 0.000 0.772

Vision × gender 0.02 0.864 0.00 0.00 0.995 0.00 3.25 0.083 0.115

Direction× vision 23.35 0.000 0.48 9.43 0.005 0.27 0.97 0.332 0.037

Direction× vision × gender 3.24 0.083 0.11 1.36 0.253 0.05 3.43 0.075 0.120

sway, sway area. Furthermore, three-way ANOVA (Table 2)
showed only significant surface x vision interaction for AP
sway and sway area.

The post hoc analysis showed that ML sway (Figure 1A),
AP sway (Figure 1B), and sway area (Figure 1C) increased sig-
nificantly when vision was removed in comparison with
EO (P < 0.000). In addition, AP sway (Figure 1B) was signif-
icantly higher in foam-EO and foam-EC than firm-EO and
firm-EC, respectively for men and women (P < 0.000). The
sway area (Figure 1C) was significantly higher in foam-EO
and foam-EC than firm-EO and firm-EC for men, respec-
tively and only higher in foam-EC than firm-EC for women
(P < 0.000).

4.3. Unipedal Balance Control

The three-way ANOVA (Table 2) demonstrate a signifi-
cant main impact of vision for all parameters: ML sway,

AP sway, and sway area. No significant interaction was de-
tected (P > 0.05).

Post hoc analysis showed ML sway (Figure 2A), AP sway
(Figure 2B), area sway (Figure 2C) increased significantly
when vision was removed in comparison with eyes opened
(P < 0.000).

4.4. Dynamic Balance Control

The three-way ANOVA showed a significant main effect
of gender: ML sway, AP sway, sway area; direction stance:
ML sway: AP sway, sway area; and vision: ML sway, AP sway,
sway area for all parameters (LX, LY, area sway). Further-
more, we showed a significant direction stance x gender
for ML sway and direction stance x vision interaction for
ML sway and AP sway (Table 2). Post hoc analysis showed ML
sway (Figure 3A), AP sway (Figure 3B), and sway area (Figure
3C) increased more significantly (P < 0.001) without vision
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Figure 1. Comparison of CoP parameters between Women-Firm, Women-Foam, Men-Firm, and Men-Foamin firm and foam surface stance and under eyes opened (EO) and
eyes closed (EC) condition for CoP parameters: ML sway (A), AP sway (B), Area sway (C). *** P < 0.001 between EO and EC condition. ††† P < 0.001 between firm and foam surface
stance. The values of CoP parameters are expressed as means ± SD.
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Figure 2. Comparison of CoP parameters between Women-DL, Women-NDL, Men-DL, and Men-ND in dominant leg stance (DL) and non-dominant leg stance (NDL) and under
eyes opened (EO) and eyes closed (EC) condition for CoP parameters: ML sway (A), AP sway (B), Area sway (C). *** P < 0.001 between EO and EC conditions. The values of CoP
parameters are expressed as means ± SD.
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in comparison with EO for AP and ML direction stance for
both genders.

In addition, ML sway (Figure 3A) was significantly
higher in Dyn-AP direction stance than Dyn-ML direction
stance for men under EO (P < 0.001) and EC condition (P <
0.001) for both genders

AP sway (Figure 3B) was significantly higher in Dyn-ML
direction stance than Dyn-AP direction stance for men un-
der EO (P < 0.001) and EC condition (P < 0.001) (Dyn-ML-
EO vs. Dyn-AP-EO, P < 0.001, Dyn-ML-EC vs. Dyn-AP-EC; P <
0.001) and for women under EC condition only (P < 0.001).
Furthermore, concerning a main effect of gender, ML sway
(Figure 3A) and sway area (Figure 3C) were significantly
lower for women than men under Dyn-ML-EC condition (P
< 0.01).

5. Discussion

The objective of our study was threefold: (i) to inter-
pretate the impact of gender, the surface condition, and
vision on postural sway; (ii) to assess the impact of gen-
der and vision on the limb symmetry postural sway; and
(iii) to understand if the alterations to the dynamic postu-
ral sway are depended on gender, directional stance and
vision. We hypothesised that females would have better
balance sway than males; postural stance would be altered
when the base of support is changed or reduced; and pos-
tural sway would increase without visual information.

Our main results were: (i) both the surface type and vi-
sion significantly affected bipedal postural sway. (ii) a sym-
metric function was observed between the dominant and
non-dominant legs for all parameters sway. (iii) all pos-
tural sways were increased when vision was removed for
both direction stance (AP and ML). For ML sway, AP direc-
tion stance was more stable than ML direction stance for
both genders. For AP sway, ML direction stance was more
stable than AP direction stance for both genders. In ad-
dition, women are more significantly stable than men for
only ML direction stance.

5.1. Bipedal Stance

The present study showed that surface type and vision
significantly affected bipedal postural sway. Foam surface
perturbs balance control more than a firm surface under
EO and EC conditions for both genders. Similarly to our re-
sult, standing on soft foam surfaces affects more the input
to the mechanoreceptors on the soles of the feet, than on
firm foam surfaces (18).

Foam blocks were used to investigate postural stability
during standing (19-21), or during gait (22-24) and it was as-
sumed that postural stability is affected by the mechanical

properties of the compliant surface (22, 25). The present
findings support previous study suggested that standing
on foam could be at the origin of a decreased ability to
accurately detect pressure distribution and body orienta-
tion (18, 24) and because of the visco-elastic nature of foam
blocks, a reduced ability to exert rigorous, corrective re-
sponses could be observed (22, 25).

5.2. Unipedal Postural Stance

The present study aimed to assess the gender differ-
ences and differences between the dominant and non-
dominant legs throughout static balance tasks in healthy
individuals. The results mainly showed that a func-
tional conformity exists between the dominant and non-
dominant legs for all parameters sway. The present find-
ings are significant, in fact results could be used to evaluate
rehabilitation findings and postural balance deficits. Our
outcome align with the recent research that has indicated
a functional symmetry exists between the dominant and
non-dominant leg balance performance in healthy sub-
jects (26, 27).

In this study, we found that balance control symme-
tries among both legs can be associated with the phys-
ical activity patterns. Daily activities which uses essen-
tially lower body such as walking, climbing stairs, and
sweeping the floor represents an integrated part of ev-
eryday life. In addition, we did not find any significant
differences between men and women for both dominant
and non-dominant leg stances. Similarly, to our results,
other studies (28, 29) did not found gender-based differ-
ences in standing postural control. In contrast to our
findings, it was shown that measurements in all direc-
tions, indicated (AP and ML directions) that female sub-
jects swayed less than males on either the dominant or the
non-dominant leg (7). Also, men have a poorer balance con-
trol due to structural and physiological weakness. In fact,
men have a more significant moment of body inertia and
more strength of their soleus muscles during quiet stance
(30).

The present findings could be effective for clinicians
and researchers who use comparative evaluations among
the limbs to investigate enabling progression in functional
exercises and identifying balance issues in hurt person
(26).

Investigating the symmetry differences between dom-
inant and non-dominant legs seems necessary. It might
give us some information about the balancing behaviors of
the balance control system at challenging situations such
as single-leg stance. The differences between the function-
ally dominant and non-dominant limbs may help inform
clinical decision-making. These results could have a practi-
cal implication for clinical intervention after an injury as a
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Figure 3. Comparison of CoP parameters between Women-Dyn-AP, Women-Dyn-ML, Men-Dyn-AP, and Men-Dyn-ML in dynamic antero-posterior direction (Dyn-AP) and dynamic
medio-lateral direction (Dyn-ML) and under eyes opened (EO) and eyes closed (EC) condition for CoP parameters: ML sway (A), AP sway (B), Area sway (C). *** P < 0.001 between
EO and EC condition. ††† P < 0.001 between Dyn-AP and Dyn-ML direction stance. ‡‡ P < 0.001 between women and men condition. The values of CoP parameters are expressed
as means ± SD.
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common rehabilitation goal following injury is achieving
symmetry.

5.3. Dynamic Postural Control

The present study showed that all postural sways in-
creased when vision was removed for both directional
stances (AP and ML). For ML sway, AP direction stance was
more stable than ML direction stance for both genders. For
AP sway, ML direction stance was more stable than AP di-
rection stance for both genders. In addition, women are
more stable than men in the ML direction stance. Similar
to our finding, Wikstrom et al. (10) has found that females
registered higher scores within vertical direction and the
composite score on dynamic postural stability. However,
no differences between healthy males and females for the
time to stabilization have been shown (31).

Females have better dynamic postural stability scores
than man. This result could be explained by women’s
different dynamic postural stability strategies used com-
pared to males (10). In addition, anthropometric param-
eters could affect stability. In fact, the body height, weight,
%BFM and LBM in the studied female population were sig-
nificantly lower than in men. Therefore, these factors
helped women to sway less than men. We used a seesaw
to induce dynamic postural control. One of the natural
postural challenges of a person standing on a seesaw is to
return to a state of balance when there are “large” devia-
tions from it (32). Although the seesaw movement does not
resemble all daily activities and sports related to dynamic
balance, it does observe angular modification of the ankle.

5.4. Strengths and Limitations

As we know, this study is the first work that investi-
gated the impact of gender, different balance stances, and
vision on static and dynamic balance control in healthy
individuals. In the purpose of extending our work com-
pleted in this observe, future researchers might pursue in-
specting the evaluation of the dynamic balance measures
among groups of varying ages and populations (eg, ath-
lete vs non-athlete) and apply varying visual, sensory, and
vestibular inputs of balance or other dynamic balance de-
vices.

5.5. Conclusions

The present study showed that a foam surface alters
postural sway more than a firm surface at a bipedal limb
stance and that symmetry exists between dominant and
non-dominant limb stances. Furthermore, females have
better dynamic balance control than males. Clinicians take
the unhurt limb into account to assess the rehabilitation

of the injured limb. Our results conclude that it is unneces-
sary to differentiate between dominant and non-dominant
legs for testing. It is important to assess the symmetry dif-
ference under dynamic balance control in future studies.
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