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Dance has been suggested to be an advantageous exercise modality for improving

postural balance performance and reducing the risk of falls in the older population.

The main purpose of this study was to investigate whether visual restriction impacts

older dancers and non-dancers differently during a quiet stance balance performance

test. We hypothesized higher balance performance and greater balance deterioration

due to visual restriction in dancers compared with non-dancers, indicating the superior

contribution of the visual channel in the expected higher balance performances of

dancers. Sixty-nine (38 men, 31 women, 74 ± 6 years) healthy older adults participated

and were grouped into a Greek traditional dance group (n = 31, two to three times/week

for 1.5 h/session, minimum of 3 years) and a non-dancer control group (n = 38, no

systematic exercise history). The participants completed an assessment of one-legged

quiet stance trials using both left and right legs and with eyes open while standing

barefoot on a force plate (Wii, A/D converter, 1,000Hz; Biovision) and two-legged trials

with both eyes open and closed. The possible differences in the anthropometric and

one-legged balance parameters were examined by a univariate ANOVA with group

and sex as fixed factors. This ANOVA was performed using the same fixed factors and

vision as the repeated measures factor for the two-legged balance parameters. In the

one-legged task, the dance group showed significantly lower values in anteroposterior

and mediolateral sway amplitudes (p = 0.001 and p = 0.035) and path length measured

in both directions (p= 0.001) compared with the non-dancers. In the two-legged stance,

we found a significant vision effect on path length (p < 0.001) and anteroposterior

amplitude (p < 0.001), whereas mediolateral amplitude did not differ significantly

(p = 0.439) between closed and open eyes. The dance group had a significantly

lower CoP path length (p = 0.006) and anteroposterior (p = 0.001) and mediolateral

sway amplitudes (p = 0.003) both in the eyes-open and eyes-closed trials compared

with the control group. The superior balance performance in the two postural tasks

found in the dancers is possibly the result of the coordinated, aesthetically oriented

intersegmental movements, including alternations between one- and two-legged stance

phases, that comes with dance. Visual restriction resulted in a similar deterioration of

balance performance in both groups, thus suggesting that the contribution of the visual

channel alone cannot explain the superior balance performance of dancers.
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INTRODUCTION

Approximately 30–60% of people over 65 years of age experience
unintentional falls at least once a year as a result of a loss of
balance (Gill et al., 2005; Rubenstein, 2006). Falls are usually
characterized by high incidence, high susceptibility to injury, and
the severity of consequences, thus having a tremendous impact
on older adults, with grave social and financial ramifications
(Tinetti, 2003). Fall prevention in healthy elders can be achieved
with a satisfactory level of physical conditioning (Cadore et al.,
2014; Hamed et al., 2018) that targets age-related impairments
in balance, strength, power, and neuromotor coordination
(Bierbaum et al., 2013; Bohm et al., 2020). A recent meta-
analysis concluded that exercise reduces the rate of falls by 23%
and the number of older people who experience one or more
falls by 15% (Sherrington et al., 2019). Multicomponent (i.e., a
combination of endurance, muscle strength, balance exercises,
and/or flexibility or coordination training) exercise programs are
being recommended for older adults because evidence suggests
they are an effective approach to reducing the risk of falling
(Baker et al., 2007; Bouaziz et al., 2016).

In recent years, dance has emerged as an advantageous
exercise modality for enhancing the postural stability of
healthy elders. Dance involves highly coordinated intersegmental
movements with body rotations around multiple planes and axes
with continuous alternations between one and two-legged stance
phases, thus resulting in a continuous need for postural control
(Guzmán-García et al., 2011; Douka et al., 2019a). Dance exercise
interventions of short (i.e., 8–12 weeks) (Granacher et al., 2012;
Sofianidis et al., 2017) or long durations that employ different
dance styles, such as traditional/folk or Latin, have been shown
to significantly improve the balance performances of healthy old

adults (Kattenstroth et al., 2010; Serra et al., 2016). Furthermore,
dancing provides dancers with musical experience, acoustic
stimulation, and rhythmic motor coordination; for that reason,
it is considered a sensory-enriched form of physical activity that
can trigger the integration of sensorimotor performance with
perceptual abilities in the elderly population (Kattenstroth et al.,
2010; Douka et al., 2019b).

During dancing, there is a high need to achieve an artistic

result throughmemorized forms of aesthetic body configurations
either on an individual level or in relation to other partners.
Since the visual system provides direct information on the
position of the body and its perception of orientation with
respect to its surroundings (Horak et al., 1989; Horak, 2006),
dancers are expected to rely strongly on visual inputs for postural

regulation. It has been reported that contemporary dancers
show better balance performance with eyes open compared
with matched control groups of non-dancers (Golomer et al.,
1999; Hugel et al., 1999; Pérez et al., 2014). Postural control
relies on a synergistic relationship between the visual and
neuromotor systems (Bonnet and Baudry, 2016), with postural
control being better when the visual task involves gazing
toward specific targets while attempting to preserve upright
standing. It can, therefore, be argued that dancers who
practice in acquiring visual feedback from their partners to
achieve dance’s aesthetic result while maintaining their own

stability, would show an enhanced postural control that depends
on visual information compared to non-dancers. Given that
postural stability depends on the integrated sensory information
processing from the visual, vestibular, and proprioceptive systems
(Horak et al., 1989; Peterka, 2002), the deprivation of visual
information might be more pronounced in dancers, who
practice learning to dance through visual information. However,
whether the visual channel is an important contributor to the
advantageous postural balance performance of dancers has not
yet been investigated.

Postural balance performance is typically assessed on the basis
of the center of pressure displacement during quiet standing on
a force platform. These derived center of pressure (CoP) values
represent the geometrical location of the reaction force vector on
the platform. Furthermore, CoP amplitude-based parameters are
typically used as primary outcomemeasures and have been found
to relate with age-related differences in balance performance
(Prieto et al., 1996). These measures of static postural control
are also typically employed in detecting sex-related differences,
with some studies reporting greater CoP sway movement in
older women (Kim et al., 2010; Riva et al., 2013; Chen et al.,
2019), while others found older men to have increased postural
sway compared with women (Era et al., 1997; Masui et al., 2005;
Puszczalowska-Lizis et al., 2018).

The goal of this study was to investigate if visual restriction
impacts older dancers and non-dancers differently during a quiet
stance balance performance test.We hypothesized higher balance
performance and greater balance deterioration due to visual
restriction in dancers compared with non-dancers, indicating the
superior contribution of the visual channel in the expected higher
balance performances in dancers.

METHODS

Participants
In this cross-sectional study, a municipal senior club and four
clubs instructing Greek traditional dance classes were contacted,
with a total of 69 (38 men, 31 women, age: 74 ± 6 years) eligible
senior adults volunteering to participate. Inclusion criteria
required that the participants were healthy adults that were at
least 65 years old. Participants were excluded if they reported
a history of neuromuscular diseases, musculoskeletal disorders,
cardiovascular or severe systemic diseases, severe arthritis, or if
they had been taking any medication for the above diseases in the
last 6 months.

The participants were grouped into a control group of non-
dancers (n = 38, 20 men and 18 women, no systematic exercise
history) and an experimental group of dancers (n = 31, 18
men and 13 women), whose participants had been exercising
with Greek traditional dances at a frequency of two to three
times per week for 1.5 h per session and for a minimum of 3
years. The study was approved by the Ethics Committee of the
School of Physical Education and Sport Science, National and
Kapodistrian University of Athens (approval number: 1152/11-
12-2019), and all the participants gave their written informed
consent in accordance with the Declaration of Helsinki.
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Assessment of Postural Balance
Performance
Balance performance was assessed in one-legged and two-legged
quiet stance trials. The participants were tested in spacious,
quiet rooms with appropriate light and temperature conditions,
with a measuring device located in the middle of the room at
an approximate distance of 2–3m between the walls and the
participants. During the assessment of the one-legged trials, the
participants had their eyes open, stood barefoot with either their
left or right leg on a force plate (Wii, A/D converter, 1,000Hz, 24-
bit resolution; Biovision), andmaintained a straight body posture
with their arms hanging relaxed on their sides. Their gazes were
fixed on an imaginary point on the wall 2–3m in front of them,
while their heads were kept parallel to ground level. The order of
the starting leg was randomized.

For the two-legged stance trials, the participants were
instructed to keep their feet at hip-width apart and stand as
motionless as possible with their eyes open, as described above,
and eyes closed. In these trials, one researcher was always
situated behind the participants for safety reasons. Two trials
were performed per visual condition in a randomized order. The
duration of every trial in the postural stability measurements
was 20 s with 30 s of rest across trials and 1min of rest between
quiet stance conditions. Off-line, the data were filtered using a
second bi-directional order digital low-pass Butterworth filter
with a 15-Hz cut-off frequency and analyzed with MATLAB
custom-made scripts (R2012a, 64 Bit; Mathworks, Natick, MA,
United States).

The data were analyzed from the 1st to the 16th second
(1t= 15 s) of each 20-s trial time. Postural balance performance
was determined by the following parameters: (a) CoP path
length, defined as the sum of Euclidean distances of adjacent
measurement points, and (b) CoP sway amplitude, defined as the
range (i.e., fromminimum tomaximum) of the CoP values in the
anteroposterior and mediolateral directions. Body height (Bryant
et al., 2005) andmassmay affect path length and sway amplitudes;
therefore, the determined CoP parameters were normalized to
body height and mass, with the normalized values (% of body
height per kilogram of body mass) being used for statistical
analysis. For the two-legged stance, the average value of the two
trials was used for the analysis. On the other hand, for the one-
legged stance, the average value of the left and right leg trial was
also used for analysis.

Statistical Analyses
All statistical analyses were performed using SPSS Statistics
(Version 17.0). The normal distribution of the CoP data
was examined by a Kolmogorov–Smirnov test with Lilliefors
correction. The statistical testing of normality failed (p values:
0.046–0.007 for the two-legged CoP parameters with eyes open
and eyes closed and respective p = 0.004 to p < 0.0001 for
the one-legged parameters with eyes open); however, upon
visual inspection with quantile-quantile (Q-Q) plots, the CoP
data were normal with slight deviations. A two-way ANOVA
with group (non-dancers, dancers) and sex (male, female) as
fixed factors was performed to test for possible differences

in the anthropometric parameters and the one-legged balance
performance parameters. An ANOVA for repeated measures was
also performed, with vision (open, closed eyes) as the within-
subjects factor and group and sex as between-subjects factors
on the two-legged balance performance outcome measures. A
Bonferroni-corrected pairwise analysis was conducted in the case
of a significant interaction between the factors of vision, group,
and sex. The level of significance for all the tests was set at
a = 0.05. For the graphical representation of the outcomes,
we used boxplots depicting the median and the 5th and 95th
percentiles as whiskers.

RESULTS

Age was not significantly different (p = 0.192, η
2
p = 0.026)

between the men and the women, but the men were significantly
heavier (p = 0.032, η

2
p = 0.069), taller (p < 0.001, η

2
p =

0.479), and had greater body mass indices (p = 0.017,
η
2
p = 0.085) than the women across the groups (Table 1). Age

was significantly lower in the dancers compared with the non-
dancers (p< 0.001, η2

p = 0.29), while body mass was significantly

higher in the dancers (p = 0.006, η
2
p = 0.11) compared with

the non-dancers. Body height was also significantly higher
in the dancers compared with the non-dancers (p = 0.011,
η
2
p = 0.095), while body mass index did not differ between

the two groups (p = 0.144). There were no significant sex-
by-group interaction effects in any of the anthropometric
parameters (Table 1).

In the one-legged quiet stance condition, a significant
main effect of group was found for path length (p = 0.001,
η
2
p = 0.281) and anteroposterior (p = 0.001, η

2
p = 0.292)

and mediolateral (p = 0.035, η
2
p = 0.124) sway amplitudes

of the CoP (Figure 1). Post-hoc pairwise comparisons showed
that the dancers had a significantly smaller path length
compared with the non-dancers (p = 0.001, Figure 1). The
anteroposterior and mediolateral CoP sway amplitudes were
also smaller in the dancers compared with the non-dancers
(p = 0.001 and p = 0.035, respectively) (Figure 1). There
was no significant main effect of sex on either path length
(p = 0.079) or anteroposterior (p = 0.563) and mediolateral
(p = 0.208) sway amplitudes across the groups (Figure 1).
No significant (p > 0.05) sex-by-group interaction effect was
found in any of the examined CoP parameter during the one-
legged trials.

In the two-legged trials, we found a significant effect
of group on path length (p = 0.006, η

2
p = 0.111), and

anteroposterior (p = 0.001, η
2
p = 0.146) and mediolateral

sway amplitudes (p = 0.003, η
2
p = 0.124), with the post-

hoc pairwise comparisons showing that the dancers had
smaller values in these parameters both in the eyes-open
and eyes-closed conditions compared with the non-dancers
(Figure 2). No significant effect of sex was found for path
length (p = 0.06) and the anteroposterior (p = 0.868) or
mediolateral sway amplitudes (p = 0.147) of the CoP in the
two-legged stance trials. There was a statistically significant
main effect of vision on path length (p < 0.001, η

2
p = 0.559)
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TABLE 1 | Anthropometric data for the non-dancer (control) and dancer (dance) groups (means ± SD).

Control (N = 38) Dance (N = 31)

Males (N = 20) Females (N = 18) Males (N = 18) Females (N = 13)

Age (yr)* 79 ± 6 75 ± 4 70 ± 4 71 ± 4

Body mass (kg)* + 76.2 ± 12.3 72.0 ± 9.4 84.7 ± 8.7 77.8 ± 10.5

Body height (cm)* + 167 ± 8 158 ± 4 174 ± 7 160 ± 5

Body mass index (kg/m2 ) + 27.1 ± 3.7 28.9 ± 4.5 28.1 ± 2.4 30.6 ± 3.4

*Statistically significant group effect (p < 0.05). +Statistically significant sex effect (p < 0.05).

FIGURE 1 | (A) Normalized path length, (B) center of pressure (CoP)-amplitude in the anteroposterior direction, and (C) CoP-amplitude in the mediolateral direction in

the one-legged quiet stance trials for men and women in the non-dancer (control) and dancer (dance) groups. *Statistically significant group effect (p < 0.05).

FIGURE 2 | (A) Normalized path length, (B) CoP-amplitude in the anteroposterior direction, and (C) CoP-amplitude in the mediolateral direction in the two-legged

quiet stance trials with eyes open (EO) and eyes closed (EC) in the non-dancer (control) and dancer (dance) groups. (M) for men, (F) for women. *Statistically significant

group effect (p < 0.05), #statistically significant vision effect (p < 0.05).

and the anteroposterior sway amplitude of CoP (p < 0.001,
η
2
p = 0.339) across the groups (Figure 2). However, there was

no significant effect of vision on the mediolateral amplitude
of CoP (p = 0.439, Figure 2). No significant vision-by-
group interaction was also found for either path length
(p = 0.463) or anteroposterior (p = 0.237) and mediolateral
sway amplitudes (p = 0.74) (Figure 2). Furthermore, there
was no statistically significant vision-by-sex interaction for the
examined CoP balance parameters (path length, p = 0.125;
anteroposterior amplitude, p = 0.794; mediolateral amplitude,
p = 0.129) (Figure 2). Likewise, no significant vision-by-group-
by-sex interaction was found for either path length (p = 0.84)
or anteroposterior (p= 0.499) and mediolateral sway amplitudes
(p= 0.814) (Figure 2).

DISCUSSION

In this study, we found a superior postural balance performance
in older dancers during one- and two-legged quiet stance
tasks compared with a control group of older non-dancers,
supporting the first hypothesis. Furthermore, we found that
visual restriction similarly deteriorated balance performance in
both groups; therefore, the second hypothesis concerning the
greater contribution of the visual channel for postural balance
control in older dancers was rejected. Finally, the findings
confirmed current reports that found that older men and women
have similar balance performances in the investigating balancing
tasks when gender differences in anthropometric parameters are
accounted for.
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During the two-legged quiet stance balance task, we found
a decrease in balance performance (i.e., CoP trajectory) in
the closed-eyes condition in an average of 52% compared
with the open-eyes condition. These findings are in agreement
with previous studies that reported an increase in postural
sway area and total CoP displacement between 30 and 45%
in older adults with vision restrictions (Paulus et al., 1984;
Lord et al., 1991; Simoneau et al., 1992). Vision provides
direct information on the position and orientation of the
body with respect to the environment and, together with
proprioception and the vestibular system, is an important
mechanism of the neuromotor system in generating accurate
motor commands for balance control (Horak et al., 1989).
The removal or restriction of these visual inputs deteriorates
balance performance during quiet stance (Sarabon et al., 2013;
Wiesmeier et al., 2015) and, thus, is a key factor for the
overall perception and representation of body positions and
movements during postural control. Although there is evidence
that the threshold of the visual system for the perception
of body sway is lower compared with proprioception (Speers
et al., 2002; Doumas et al., 2008) and that older adults use
proprioceptive information from the lower limbs more rather
than visual and vestibular sensory signals for balance control
(Fitzpatrick et al., 1994; Lord andMenz, 2000), visual inputs have
been found to detect low-frequency body motions (i.e., 0.01 to
1Hz) most accurately (Horak et al., 1989), thus contributing to
balance performance.

We found a similar increase in CoP trajectory in the closed-
eyes condition in both dancers and non-dancers, indicating the
negligible effects of exercise history on balance performance
deterioration due to visual restrictions. Contemporary dancers
exhibited greater balance ability when the visual channel was
available (Golomer et al., 1999; Hugel et al., 1999; Pérez et al.,
2014) as a result of their increased specialization in tasks where
postural control is regulated via visual information. Accordingly,
we expected a greater contribution of the visual system in
older dancers because the execution of artistically oriented
intersegmental movements, in combination with the needed
movement synchronization and adjustment with other dance
partners, challenges the neuromotor system and increases the
need for vision in postural control during dancing. Therefore,
we expected a greater deterioration of balance performance
during the closed-eyes condition in this group. The findings
(i.e., similar balance deterioration in both groups with closed-
eyes), however, did not confirm a higher contribution of vision
in the balance control of dancers; thus, the visual channel cannot
explain the superior balance performance of the investigated
older dancers. Proprioception due to the lower threshold for the
perception of body sway compared with visual and vestibular
systems and the key role in postural control (Speers et al.,
2002; Doumas et al., 2008) might be a candidate to explain
the higher balance performance of older dancers. The probable
higher effectiveness of dancers in multisensory integration to
control balance and orientation could be further examined in
conditions of increasing balance difficulty and differentiating
visual cues, as an earlier study showed that the effectiveness
of these mechanisms depends on the ability of a participant to

identify and exploit appropriate non-visual frames of reference
(Isableu et al., 2010).

In recent years, growing research evidence has stressed the
importance of dance as an advantageous exercise modality
for improving stability performance (Sofianidis et al., 2009,
2017; Granacher et al., 2012; Rehfeld et al., 2017), which
consequently reduces the risk of falls in older adults. The one-
legged quiet stance is a challenging balance task because the small
base of support requires the successful integration of sensory
information from the visual, vestibular, and somatosensory
systems by the central nervous system to produce appropriate
postural responses (Nashner, 1981; Horak, 2006). Greek
traditional dancing is characterized by coordinated, rhythmic,
aesthetically oriented intersegmental movements with body
rotations and the combinations of various steps under musical
guidance, resulting in the continuous postural control of the
body. In particular, through dancing, the lower extremities are
engaged in a continuous alternation of the one- and two-
legged stance phases, such as hopping, sideways steps, or
crossing one foot over the other, thus favoring the strong
sensorimotor control of body sway (Guzmán-García et al.,
2011). As a result, dancers become very familiar with weight
shifts that constantly challenge their postural control system to
maintain equilibrium, as their centers of mass are voluntarily
shifted to the limits of stability (Rehfeld et al., 2017). For
instance, healthy older adults who have been participating in
training interventions (8–12 weeks duration) under various
styles of dance, either traditional/folk or modern, were able
to achieve relevant improvements in one-legged stance balance
performance compared with non-trained peers (Granacher et al.,
2012; Rehfeld et al., 2017; Sofianidis et al., 2017). Thus, we
can argue that the plethora of high-coordination movement
repertoires in dancing, which challenges the human sensorimotor
system, can trigger neuromuscular adaptational responses and
consequently explain the observed superior balance performance
of older dancers.

The findings also revealed no significant sex-related effect
on one- and two-legged postural balance performance. Several
studies have found that older men exhibit impaired balance
performance (i.e., higher CoP sway movement) more than
women (Era et al., 1997; Masui et al., 2005; Puszczalowska-Lizis
et al., 2018), whereas other studies reported that older women
have increased postural sway compared with men (Kim et al.,
2010; Riva et al., 2013; Chen et al., 2019). It has also been
reported that the smaller body height of women is an important
explanatory factor for increased balance performance (Era et al.,
1996; Bryant et al., 2005), with the difference between the sexes
being largely removed when CoP trajectory was normalized
to body height (Bryant et al., 2005). In our investigation, we
used normalized body height and mass values to account for
the observed greater mass and height in men; therefore, the
findings showed that the postural balance performance of older
men and women was similar when those parameters were
accounted for.

This study has some limitations that should be addressed.
The cross-sectional design of the study cannot suppress any
selection effects on the balance performance on the investigated
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dancers (i.e., dancers inherently had greater balance ability
and because of that self-selected to become dancers). The
main purpose, however, was to examine the deterioration
in balance performance due to visual restriction; therefore,
the selection bias was reduced. To achieve this, the CoP
outcomes were considered for 15 s in each condition. The
protocol involved two visual conditions (eyes open and
eyes closed) and two stance conditions (two-legged and
one-legged); thus, with a longer duration per trial, fatigue
would accumulate, most probably for the non-dancers, and
could introduce bias into the comparisons between the
two groups. Furthermore, the two groups were not exactly
matched, as the dancers were heavier, taller, and younger
compared with the non-dancers in the control group. The
non-dancers were also not included in any systematic exercise
programs, indicating generally lower physical activity levels
compared with the dancers. Thus, we normalized the assessment
parameters to body height and body mass excluding the bias
due to body height and body mass; however, the bias of
the different ages and physical activity levels remained in
this study.

In conclusion, we found superior balance performance in the
group of older dancers compared with the control non-dancer
group without any systematic exercise experience. The restriction
of visual information decreased balance performance similarly in
both investigated groups, indicating that the visual channel was
not responsible for the superior balance performance found in
the dancers. The findings, however, indicate that dancing can be
recommended as an advantageous exercise modality in order to
improve postural stability as it has the potential to reduce the
risk of falls in older adults. We argue that the advanced postural
performance of dancers may be triggered by the aesthetically
and highly coordinative movement repertoires in dancing that
challenge sensorimotor integration.
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