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Postural stability and physical performance in social dancers
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Abstruct

This cross-sectional study examined the benefits of social dancing on postural stability and physical performance in dancers aged 50 years
or more. Walking speed, lower limb reaction time and low back flexibility were measured in 202 social dancers und 202 community-dwelling
comparison subjects aged 50-87 years. The results showed that dancers who were older thun 60 years had better postural stability and faster
leg reaction times, whilst dancers aged 50-59 showed only better flexibility, when compared with the controls. Male dancers had greater low
back flexibility and leg reaction time compared to controls. In contrast, female dancers had superior performance only for leg reaction time
when compared with controls, The results indicate that social dancing is associated with enhanced postural stability and physical performance

in older adults,
@) 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Decline in physical performance with ageing is well
documented [1.2]. For example, in people aged 50-85 years,
the mean annval loss in grip strength is estimated to be
0.65 kg for men and 0.34 kg for women [3]. In addition,
Bulogun et al. have shown progressive decreases in single
limb stance time with ageing [4]. Reduced muscle strength,
walking speed, and flexibility have been shown to be
associated with increased disability in older adults [5-7].
Moreover, impaired balance and reaction time are important
risk factors for falling in older people [8.9].

Various exercise programs have been conducted for older
adults to improve or maintain physical performance [10-
13]. Barnent et al. reported that community-based group
exercises including funcuonal activities, balance exercises
and strength training, improved balunce and reduced falls in
community-dwelling older people [10]. Henwood and

* Corresponding author. Tel: +81 3 3203 8061, fax: +81 3 3203 1731.
E-muil peldress: kazu@nih. gojp (K. Ishikawa-Takata),

(966-6362% — sec front matter £ 2007 Elsevier BV, All nghts reserved.

doi: 10,1016/, gasitpust 2007 09,004

Tauffe compared the effectiveness of three resistance
training  protocols on muscle strength and  functional
performance in older people. Three traiming programs
improved whole-body muscle strength, und the high-
velocity resistance training group improved in  stair-
climbing and chair rising ability [11]. Tai Chi, 4 traditional
form of Chinese of exercise, also appeurs beneficial for
improving strength, balance, and flexibility in older people
[12.13].

Social dancing is a popular physical activity among
middle-aged and older adults in China and throughout the
world. Participants perform various dance movements,
including moving forward and backward, tuming and
spinning around in different directions to the rhythm for
slow or fast tempos. Although social dancing is a medium
intensity physical activity [14], there remains limited
evidence confirming its effects on physical functions [15].
Uusi-Rasi et al. found that & group of older adults who were
dancers showed better leg extensor strength and body
balance than controls. Because several of them also
participated in gymnastics [16], it is not clear whether
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their enhanced performances resulted solely from social
dancing or from a combination of acuvities,

The purpose of this study was to examine the benefits of
social dancing on postural stability and physical perfor-
mance in older adults, Lower leg reaction time, low back
flexibility, and walking speed were quantified in male and
female duncers and non-dancers as these have been shown to
be related to disability and falling in elderly people [5-9].

2. Methods

2.1. Srtudy design

A population-based cross-sectional study was conducted in
Apal to May 2004 in Nanjing, China. The study protocol was
approved by the Academic Commuttee of College of Kinesiology
and Physical Education, Nanjing Normal University. Allinterviews
and measurements were conducted within a single day for each
participant by eight truined examiners.

2.2. Subjects

24, Measurements of postural stability

Postural stability was examined using the Tetrax System"
(Sunlight Medical Ltd., Tel-Aviv, Isracl) to estimate the stability
index (SI). The Tetrax device consists of a balunce platform
including four separate plates. The subject stunds on the platiorm,
with each heel and e on one of the four plates, guided by a foor-
shaped outline. Within each plate 15 a strain guuge which trunsforms
the changes of vertical forces into electronic analog wave signals.
The SI is calculated as the resultant root mean square of the center
of pressure amplitude normalized o body weight. The higher the
score, the greater the postural instability | 19]. In the present study,
ST wus evaluated in four positions: head straightforward with eyes
open, head straightforward with eyes closed, head down with eyes
open, and head up with eyes open. It ok 325 10 quantity
performance in each positon. The average of the SIs measured
for the four positions was calculated, and used as “average SI”

2.5, Measurements of phyrical performance
2.5.1. Walking speed

To test walking speed, we asked people o walk on a 15-m
witlkway on a flat floor @t maximum speed. Walking speed was

Two hundred and two social dancers and 202 ¢ ity-dwell
ers (controls) aged S0-87 yeurs (61.5 + 7.5 yeuars for duncers and
61,34 74 years for controls) were included, The duncers were
recruited by displaying posters in two dunce halls. Age-matched
controls were recruited from (wo communities near the dance halls
by displaying posters st community centers, The inclusion criteria [or
dancers were (1) participation in dancing for at least | year, (2)
dancing 120 min a week or more in the past year, and (3) participating
in no other form of exercise. Of the 202 dancers, 164 (81.2%) had
dunced for 3 years or more, 49 (24.3% ) for 10 years or more, and the
meun number of years of dancing was 6.1, They danced an averuge
4.8 umes per week. The critena for the control subjects were (1)
living independently in the community and (2) not participating in
habitual exercise, In the present study, habitual exercise was defined
as “engaging in continuous moderate to vigorous exercise for 30 or
maore minutes at least three times a week in the past year.” Of the 423
community-dwelling people who upplied to participate in this study,
202 were rundomly selected from each age decade and sex according
to the number of dancers in each category as the controls. The
purpose and procedures were fully explained, and written informed
consent was obtained from all participants.

Since the average lifespun of Ch people 15 reported to be
less than for some other industrialized countnes [17], people in
China aged 60 or over were considered to be “elderly™ in this study.
Theretore, participants were divided into two age categores: 50-59
(= 180) and 60 or over (n=224).

2.3, Imterviews

Face-to-fuce interviews by trained interviewers were conducted
for all participants, Each interview ook approximately 10 min.
Height and weight were ineasured, and details provide on age, sex,
yeurs of education, current health problems (including hyperten-
sion, heart diseases, diabetes, arthritis and cancers), experience of
falling. and exercise habits, A fall was defined as “falling all the
way down to the Hoor or ground, or falling and hitting an object like
a chair or stair™ [18]. Participants were asked whether they had
fullen once or more over the past year,

m | over a 10-m distance between points 2 and 12 m from the
start of the walkwuy. The walking speed was calculated as distance
divided by the faster time of two trials, and expressed as “m/s™ [20].

2.5.2. Low back flexibiliry

A stundard sit-and-reach test was used tw evaluate low back
flexibility [21]. This test involves sitting on the floor with the legs
out straight ahead. The feet are placed with the soles flat aguinst a
box. The subjects were instructed to place one hand over the other,
and flex their trunks forward to push the indicator with their fingers
a5 far us possible. With hunds on top of each other and palms fucing
down, the subjects then reached forward along the measunng
line as far as possible. Sit-and-reach distance was the absolute
value obtuined. The test was performed three times and the best
score was used,

2.5.3. Leg reaction time

To evaluate leg reaction time, 4 Motor Choice Reaction Test
(MCRT) [22] was performed using apparatus consisting of a stop
clock, a digital tumer and a switch panel. The switch panel had one
central start button and five adjucent stop buttons. The stop buttons
were positioned on a 1207 are 20 ¢m above the start button, and Lig
up in random order. The subject would start with the non-dominant
foot on the floor and the dominant foot pluced on the start button,
supported by a chair. When one of the five stop buttons lit up, the
subject was instructed to release the start button with the dominant
toot, touch the Lit stop button as fust as possible, then return the e
to the start button for the next trial, The average time of five mals
was used t guantify the leg resction tme. Each person was given
five practice tnals before the test.

2.6, Test—retest reliubility

To examine the retest reliability, the walking speed test, a leg
reacton time test, und a sit-und-reach test were conducted for a sub-
sample of community-dwellers, The mean duration between test
and retest was 3.4 + 0.8 days, The same order and procedures were
used at each test, Two-way ANOVAs showed no significant differ-
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ences between values for initial tests versus retests (all p < 0.01),
and the intra~class correlation coefficients (ICC) ranged from 0.66
tw 0.97. For calculation of relative tesi—retest reliability of postural
stability and physical performance measurements, & two-way
mixed etfect model was used.

2.7. Statistical analyses

A bi-vanate analysis was conducted to compare demographic
varisbles and health problems between the dance group and the
control group. Proportional differences were tested for significance
using the x*-test. Differences between means were calculated, and
unpaired -lests were used o examune the differences in continnous
parameters between the two groups, ANOVAs with Bonferroni corr—
ections were used to compare differences in average S1and indices of
physical performance between the two groups for each age category,
Multiple regression analyses were also used to examine the relation-
shipbetween social duncing and STor indices of physical performance
controlling for body mass index (BMI), years of education, hyperten-
sion and diaby Pearson’s comelation coefficients were used to
determine the relutionships between average ST and indices of phy-
sical performunce. The Statistical Package for the Social Sciences
(SPSS) version 10.0 was used in all statistical analyses.

3. Results

3.1. Demographic variables and present health

problems

All measurements were completed for all 202 dancers and
202 controls. Ages of the dancers and controls were not
different, and there were no significant differences in
employment, experience of falling, prevalence of heart
diseases, arthritis and the presence of cancers, However, when
compared to the controls, the dancers had significantly more
years of education (11.5 £ 4.0 versus 9.2 & 4.6, p = 0.001), a
lower BMI (24.6 + 3.0 versus 25.2 + 3.4, p = 0.049), lower
prevalence of hypertension (25.2% versus 37.1%, p = 0.013),
and lower levels of diabetes (3.5% versus 17.8%, p = 0.001).

3.2, Comparison af postural stability benween dancer
and control groups

As shown in Table |, the dancers aged 60 or more had a
lower average SI, sugpesting greater postural stability.

699

After adjusting for BMI, years of education, hypertension
and diabetes, social dancing was significantly associated
with higher average ST among the dancers aged 60 or more.
However, dancers aged 50-59 did not have a higher
average Sl than the controls, suggesting social dancing
may not benefit postural stability of participants in this age
category.

3.3. Comparison of physical performance berween
dancer and control groups

The dancers aged 60 or more had faster leg reaction times
(p < 0.001) when compared with the controls (Table 1), and
showed a trend toward to faster walking speed (p = 0.074).
However, low back flexibility was not different between
dancers and controls. Multiple regression analyses also
demonstrated social dancing was strongly associated with
shorter leg reaction times, even after adjusting for BMI, years
of education, hypertension and diabetes. Dancers aged 50-59
were only better in the low back flexibility test. These results
suggest that social dancing would have different benefits for
physical performance among different age groups.

3.4. Correlations among S, indices of physical
performance and BMI

Correlations among average SI indices of physical
performance and BMI were examined in all subjects. The
average SI was significantly correlated with BMI, leg
reaction time and walking speed, however, the correlation
coefficients were relatively small (r = 0.138-0.263). Low
back flexibility did not demonstrate significant correlations
with other variables.

3.5. Comparison of SI and physical performance
according to group and gender

The male dancers had significantly greater low buck
flexibility than male controls (p=0.041) (Table 2). Both
male and female dancers had significantly faster leg reaction
time when compared with the controls ( p = 0.032 and 0.007,
respectively). However, average SI and walking speed did
not differ between the dancer and the control groups for
either the males or females.

Tuble |

Comparison of average SL Jow back fexibility, walking speed and leg reaction time between dance and contrul groups in different age categorics

Variables Subjects aged S0-59 /o » Subjects aged 60 or over ” ”
Dancers (n=90)  Contruls (n = 90) Dancers (n=112)  Contruls (= 112)

Average S1 174453 174 £4.1 (LT 0,555 1TE L 68 0.1 £65 0.022 ool

Low back flexability (cm) 263+£76 29+93 0.033 0.007 223+ 84 205+99 0.739 0.207

Walking speed (m/s) 1Y+05 LE£03 0,302 0.329 19 +04 1.7+£04 0.074 0.us3

Leg reaction ume (ms) 5513+ 129.6 5749 £ 1404 1.000 0189 563.7 £ 1583 667.5 + 158.2 <0.001 0.001

Values we means + S.D.
“ p-Values were calculated using ANOVA with Bonferroni comection.
" p-Values were | using multiple regression analyses adj

ted by BMI, years of education. hypertension and diabetes.
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Tuble 2

Comparison of average S, low back flexibility, walking speed and leg reaction time between dance and control groups by sex

Vanubles Males » » Females P P
Dancers (n = 64) Controls (n=T1) Dancers (1= 133) Controls (n= 131)

Average SI 177 +62 199 + 6.3 0151 0,050 176 £ 63 184453 1000 0686

Low back flexibility (cm) 194 = 8.0 155 £96 0041 0447 23+44 W05 =99 0463 0306

Wialking speed (mv/s) 2004 I¥+£04 0113 0.044 18£03 1.8 +£05 1,000 0634

Leg reaction time (ms) 5325+ 1350 6145+ 2127 n.032 0,006 5716+ 1487 6412+ 1943 0.007 001

Values ure means + S.D.
“ p-Values were calculated using ANOVA with Bonferroni correction.

® p-Values were calculated using multiple regression analyses adjusted by BMI, years of education, hypertension and diabetes.

4. Discussion

The muin finding of this study was that social dancers
aged 60 years or more had better postural stability and faster
leg reaction times when compared with the control subjects.
Moreover social dancing appeared to be related to superior
muscle strength. Previous studies have reported that leg
muscle strength plays an important role in maintaining
postural control [23]. Exercises, such as walking and Tai Chi
were found 10 increase postural stability and leg muscle
strength in older people [12.24]. We thought that social
dancing would increase postural stability by strengthening
muscles. Social dancing is considered to be enjoyable for
many and allows participates to dance for relatively long
umes without becorning bored [14,25]. In the present study,
dancers performed an average of 99 min physical activity for
each dance session, and the weekly dancing ume wuas
479 min.

It can be speculated that improvement of vestibular
functions may also contribute to better postural stability in
social dancers [26]. Dancers frequently wun in different
directions and for the Waltz, couples spin around each other
continually, which presumably stimulates the vestibular
system. It is possible that repeated stimulations over lime
may facilitate balance control. The beneficial effect of
exercise on the vestibular system has been reported by T
Chi pracutioners [27].

Faster leg reaction time was also found in the older
dancers. In the present study, we used an MCRT test to
estimate leg reaction time. The MCRT is argued to reflect the
neural processes leading to contraction and the mechanical
response leading to force generation of the muscle [28].
Physical exercise could shorten the MCRT by spaning the
stages of stimulus identification, response selection, and
motor adjustment [29], A study by Emery et al. showed a
significant relationship between walking activity and choice
reaction time in a large population aged 18-94 years [30].

We found the effect of social dancing to differ according
to age. The dancers who were older than 60 years had better
postural stability and faster leg reaction times, whilst
dancers aged 50-59 showed only better flexibility when
compared with the controls. The dancing duration was not
significantly different between the dancers aged 50-59 and
dancers aged 60 or more (513 £ 310 min/week versus

451 + 272 min/week). It is possible that the social dance
routine that we measured may not be intense enough to
improve the postural stability and physical performance in
relatively younger adults, although this needs to be
confirmed with controlled trails.

One limitation of this study was the cross-sectional
design, and we cannot deny the possibility that some
participants selected a given dance because of their already
good postural control, In addition, the finding that the
dancers were overall healthier than comparisons may have
influenced the results. Although some duancers reported that
they had reduced their weight and blood pressure by
dancing, we did not have any data before they participated in
dancing. To identify the effects of social dancing on physical
function, further longitudinal observation studies and
randomized controlled trial are warranted,

In conclusion, the results of this cross-sectional study
suggested that social dancing 1s associated with enhanced
postural stability and physical performance in older adults,
Since social dancing is performed with relatively moderate
intensity, it is appropriate for elderly people. Whether it
prevents future falling and minimizes disability remains
open (o guestion.
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