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ABSTRACT

International Journal of Exercise Science 17(1): 682-701, 2024. Falls are the leading cause of injury-
related deaths among older adults and affect women at disproportionate rates. Dance has been used to improve
postural stability, balance confidence and strength of older adults, but in-person classes are often inaccessible. This
quasi-experimental pre-mid-post design study investigates whether 12 weeks of online dance classes can improve
postural stability, dynamic balance and strength of women aged 65 plus. 16 participants (median=74 years, IQR=6)
recruited via convenience sampling completed 12 weeks of twice weekly 75-minute online dance classes. In-person
pre, mid and post assessments used 30-second trials of quiet standing, Star Excursion Balance Test, 30-second Sit-
to-Stand and Calf-Raise-Senior. Significance was evaluated using Friedman’s test with Wilcoxon Signed-Rank test
post-hoc (p<.05). Participants demonstrated a high attendance rate (median=87.5, IQR=4.2%). Decreased
mediolateral sway was observed pre-mid in eyes closed (p=.003, r=.76) and foam (p=.02, r=.60) conditions, where
the latter also produced decreased sway area (p=.015, r=.63). Greater dynamic balance was demonstrated when
reaching laterally (pre-mid p=.008, r=.68; pre-post p=.008, r=.69) and posterior-laterally (pre-post p=.009, r=.75).
Participants significantly improved their number of repetitions on the Calf-Raise Senior (mid-post p=.02, r=.60; pre-
post p=.015, r=.63). Online dance classes are engaging, accessible and effective in decreasing older women'’s risk of
falls and maintaining their independence.

KEY WORDS: Dance-based exercise, aging, fall prevention, tele-health
INTRODUCTION

Falls among older adults are a leading cause of injury, loss of independence and mortality as
approximately 30% experience falls each year (52). Furthermore, these incidents cause 95% of
hip fractures, leading to fatality among 20% of cases (35). Globally the average cost of these
injuries is estimated to be $26,483 USD per hospitalized faller (13).

Women are disproportionately affected by falls across all age-groups (14) and comprise 70.5%
of all subsequent emergency visits (41). This elevated incidence likely reflects differences in
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physical activity levels, muscular strength and bone mass density - all essential components of
postural stability (7,14,41).

Beginning at age 40, women undergo a significant loss of relative leg extensor power at a rate of
1.5% per year, worsening to 1.8% as of 75 years old (1). This may also be due to reductions in
Type I and, particularly, Type II muscle fibers when compared to non-falling age-matched
individuals (23). This age-related atrophy may interfere with the ability to correct body
positioning in response to environmental hazards to avoid falls. While remaining physically
active in older age helps preserve muscle strength, muscle mass and bone strength (19), only
3.8% of women aged 60-79 years old accumulate at least 30 minutes of physical activity per day
(10). As the number of older women is projected to double by 2050 to 832 million (47), the World
Health Organization has highlighted the urgent need for fall prevention programs (53).

Optimal forms of balance training require high precision of movement, which may be found
while learning dance steps (46). Dance is an increasingly popular form of exercise and balance
training for older adults as its fun, engaging and social environment offers opportunities for
creative expression (39). High attendance (84.3%) to dance interventions targeted at improving
postural stability has been observed primarily among women, likely due to gendered
stereotypes regarding dance (5). Previous studies using traditional, folkloric, ballroom, and
contemporary dance have observed improvements in postural stability after as little as two
hours of class per week for 10 weeks among adults older than 50 (16,17,30,39,54). Decreases in
postural excursions have clinical relevance as Stel and colleagues (40) found in 1 year follow-
up, older adults who experienced recurrent falls displayed greater mediolateral excursions,
presenting predictive value for risk of falling (OR=3.4, 95%CI [1.5-7.5]). This decreased risk is
turther reflected by increases in balance confidence following dance programs (5,30).

The improvements in postural stability from dance are linked to developments across cognitive
and perceptual-motor domains (54), by enhancing: 1) attention to the surroundings, 2) rapidity
and coordination in implementing corrective postural strategies and 3) strength needed for these
corrections. As participants must coordinate their movements to both the music and
instructions, they demonstrate improvements in attentional control (11) and reaction time on
dual task activities (54). Furthermore, dance interventions stimulate greater lower limb strength
as measured by Sit-to-Stand tests (16,30) which has moderate correlation to weight adjusted leg
press among older women (r=0.71) (22) and is capable of discriminating fallers vs non-fallers
(37). While plantarflexor strength is additionally important in facilitating small postural
corrections, there are few studies that directly evaluate the effects of dance on this among older
adults.

Despite the effectiveness of dance for improving postural stability, in-person classes may be
inaccessible for many: living in remote locations, lacking transport, being a caregiver at home,
or being immunocompromised may all act as barriers to participation. Presently, there is limited
evidence on the potential of online dance classes to improve the postural stability of older adults.
To reduce fall risk during interventions, typical in-person dance programs are conducted with
close monitoring and sometimes, several assistants. In an online environment, where
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monitoring is limited, to ensure safety during exercise, intensity must be lowered. As intensity
is an essential variable in stimulating gains, this presents the question of whether online classes
would still be effective in reducing fall risk.

Online dance classes are simple to implement, low cost, accessible and consequently warrant
exploration for use in fall prevention. The purpose of this study is to investigate whether 12
weeks of online dance classes reduce the risk of falls for women aged 65 years and above
through evaluating postural sway, dynamic balance, lower limb strength, balance confidence
and health related quality of life. It is hypothesized that following the 12 weeks, participants
will demonstrate improvements on each outcome.

METHODS

Participants

Assessed for Eligibility &
Completed Pre-Testing (n=22)

( Withdrew (n=5)
Did not attend any dance classes (n=1)

L Did not enjoy dance classes (n=1)

Medical reasons (n=3)

[ Completed Mid-Testing (n=17) ’

Medical reasons (n=1)

Withdrew (n=1) }

[ Completed Post-Testing (n=16) \

[ Analyzed (n=16) l

Figure 1. Participant flow diagram: 22 participants were recruited and completed pre-testing. Between pre and
mid-testing, five participants discontinued and between mid and post-testing, another participant withdrew.
Reasons for withdrawal are outlined.

This study was conducted during the COVID-19 pandemic. A power calculation was not
conducted due to the convenience sampling nature of this study and a since posteriori power
analysis is not recommended. Clinical relevance was additionally prioritized as there is a lack
of long-term correlational data for postural stability measures among healthy and active older
women. A target of 18 participants was taken from the average sample sizes of dance groups in
similar in-person interventions (5,6,16,17,20,39,54). Recruitment ads for a 12-week quasi-
experimental online dance study with in-person pre, mid and post-testing were sent to members
of the local community using an existing participant list and through ads in local recreation
centers. In total, 22 women responded, they all met eligibility criteria and were recruited.
Inclusion criteria consisted of being female above the age of 65, having an understanding of
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English, having access to internet and Zoom, being able to visit for three in-person testing
sessions and having no contraindications to physical activity from their physician. 65 years old
was selected as it is the retirement age in Canada and the age at which government organizations
begin reporting fall rates among older adults. The occurrence of a stroke, vertigo, concussion or
lower extremity injury during the 12-week period was used as exclusion criteria.

In total 16 women (median 74 years, IQR=6) completed the 12-week intervention, withdrawals
are outlined in Figure 1. Baseline characteristics (age and BMI) and physical activity levels as
measured by the Physical Activity Scale for the Elderly (PASE) are listed in Table 1. Baseline
physical activity levels were measured in accordance to Washburn and colleagues (50) to aid in
providing context and generalizing findings. The PASE is tailored to older adults and considers
the number of hours per week participants spend doing 1) household and work activities; 2)
leisure time physical activity; 3) light intensity physical activity; 4) moderate intensity physical
activity; 5) vigorous intensity physical activity. After providing the number of hours,
participants were asked to list the activities they were engaged in for each category (i.e.
gardening, walking the dog, swimming etc.).The PASE demonstrates high internal consistency
(a=.073, p-value not reported), test-retest reliability over a 3 week period (r=0.933, p-value not
reported) (26) and moderate validity among adults over the age of 70 when compared to
accelerometer data (r=.64, p<.05)(49).

Table 1. Median (interquartile range) of participant characteristics and PASE scores.

Participant Characteristics

Median (IQR)
N | 16
Age (years) 74.00 (6.00)
BMI (kg/m?) 22.83 (1.88)
PASE 140.5 (40.75)

BMI = body mass index; PASE = Physical Activity Scale for the Elderly.

This research was carried out fully in accordance to the ethical standards of the International
Journal of Exercise Science (31). Certification of Ethical Acceptability for Research Involving
Human Subjects (ID: 30016017) was approved by the Human Research Ethics Committee at
Concordia University which is guided by Tri-Counsel Policy Statements and adheres to Helsinki
Declarations (1975 and 2000). Informed consent along with medical history and baseline
physical activity levels were collected from participants prior to pre-testing.

Protocol

In-person assessments of postural stability, dynamic balance, and strength were conducted at
pre (week 0), mid (week 6) and post (week 13) in the Department of Health, Kinesiology and
Applied Physiology, Concordia University. At the first assessment, participants received further
information on the dance sessions, the Zoom platform, expectations, and training goals; and any
remaining questions were answered by the research team. Subsequent assessments were
conducted with a minimum break of 24 hours following the dance classes. Each assessment
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followed the same order: 1) quiet standing; 2) Star Excursion Balance Test (SEBT); 3) 30 second
Sit-to-Stand (30STS); 4) Calf-Raise Senior (CRS).

Dance Intervention: 75-minute group dance classes were held over Zoom (55 Almaden Blvd 6th
Floor, San Jose, CA), every week on Tuesdays and Thursdays, for the 12-week semester. Each
session started with a 15-minute warm-up, followed by ballet exercises (pliés, tendus), modern-
dance exercises (Graham and Limon technique), and a five-minute stretch recovery (recordings
of the classes are available upon request). Movements were selected as they emphasized transfer
of weight, dynamic balance while standing on one limb, bringing the body off center, fall
recovery and strengthening of the lower limbs and core. The intensity of the group classes was
determined by the qualified instructor who guided each movement and provided detailed
explanations. Through the 12 weeks, progressions were made; for example, changing
movements from double-leg to single leg stances, adding knee flexion on single-leg, going from
flat feet to the balls of the feet (i.e., demi-pointe), as well as adding arm and head movements in
opposite directions. To ensure safety, a helper was present to monitor each Zoom session and
participants were asked to keep their webcams on. The helper was additionally tasked with
tracking attendance, defined as class completion, and ensuring participants were following the
class. Recordings of the class were provided to anyone who was unable to attend and their
completion was noted.

Postural Stability: Two force plates (Advanced Medical Technology Inc. with the NetForce
Software™, 176 Waltham Street, Watertown, MA) were used for multi-axial data acquisition
sampled at 100 Hz. Participants completed 30-second trials of quiet standing under three
conditions: 1) eyes open, 2) eyes closed, 3) on a two-inch-thick foam pad. Each condition was
repeated three times and trials were staggered to avoid any effects due to fatigue(36).

Following instructions by Quijoux and colleagues (36), participants were asked to stand
comfortably with one foot on each force plate and arms by their side. They were instructed to
stay as still as possible for the duration of each 30-second trial while looking straight ahead to a
point at eye-level on the wall. Measures of center of pressure (COP) excursions (cm) in
anteroposterior and mediolateral directions and total sway area (cm?) were collected. The
selected variables show moderate to good test-retest reliability (ICC=0.65-0.98, p<.05) and strong
criterion validity when compared to Berg Balance Scale scores of older adults (r=-0.87 to -0.71,
p-values not presented)(25).

Dynamic Balance: The SEBT was selected to assess dynamic balance as it is predictive of
dynamic balance deficits, is capable of identifying lower extremity injury (p=.05) (33), and was
previously accepted for use among older adults (test-retest reliability: ICC=0.91-0.95, p-values
not presented) (42).Participants were asked to stand on their non-dominant leg in the center of
a star taped to the ground composed of eight lines 45° apart. Without touching the floor, they
were instructed to reach their dominant leg along the line as far as possible before tapping the
foot to the floor on the tape, and then returning their foot to center. They then moved to the next
line starting from the anterior line, moving laterally, and finishing with anterior-medial. A mark
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was placed on the ground where the participant touched the tape and it was measured to the
nearest 0.50cm. A modification was made to allow participants to tap their toe upon returning
to the center to reduce fatigue and apprehension. Two practice trials were given before the third
was recorded. Additionally, a helper was present to ensure participant safety in the event of loss
of balance. If they lost their balance or moved their supporting leg, the distance was not
recorded.

Strength: The 30STS measured lower body strength via the number of repetitions recorded in 30
seconds. Participants were instructed to complete the tests according to methods outlined and
validated by Jones and colleagues (22) who demonstrated the 30STS to have strong test-retest
reliability among older women (ICC=0.92, 95%CI=0.87-0.95) and validity when correlation to
maximal weight adjusted leg press (r=0.71, 95%CI=0.53-0.84). The CRS was used to evaluate
plantarflexor strength as it has good criterion validity when compared to isokinetic
dynamometry (r=0.86, p<.001) and strong reliability (test-retest reliability: ICC=0.90, p<.001;
interrater reliability: ICC=0.93-0.96, p<.05)(3). The procedure as validated and described by
André and colleagues (3,4) was followed and the number of complete repetitions was recorded.
The minimally important difference of 3.50 repetitions determined by André and colleagues (4)
was used to evaluate clinical significance. Participants completed the 30STS and CRS once per
testing time point.

Health Questionnaire: Following each assessment, the 36 Item Short-Form (SF-36) by Ware and
Sherbourne (48) was completed by participants to evaluate any changes in their health or quality
of life. The SF-36 has high to excellent internal consistency across items (a=0.82-0.94) and has
good content validity as it can discriminate older adults who have been admitted to hospital
over a 1 year period (p=.05-.001)(28). The SF-36 asks participants to rate changes in their health
status over the preceding four weeks across categories of: general health, mental health, energy,
bodily pain. It also asks participants to rate any limitations in physical, social and role activities
due to physical or emotional difficulties. Participants were then provided a comment box if they
wanted to elaborate on any physical or emotional health changes.

Statistical Analysis

Shapiro-Wilk test and Kolmogorov-Smirnov test revealed the data was not normally
distributed. Non-parametric Friedman’s test with a Wilcoxon Signed-Rank post-hoc was used
to evaluate the longitudinal effects in the raw test values of our participants. As improvements
on each individual outcome rather than a universal null hypothesis were of interest, the
significance level was reported unadjusted for post-hoc tests (alpha value of 0.05, p<.05). Results
following post-hoc Bonferroni corrections for the three testing time points are described in-text
as well as in all table and figure captions (alpha value of 0.017, p<.017). All statistical analyses
were performed on IBM® SPSS-28® (1 New Orchard Road, Armonk, NY). Effect sizes for the
Friedman’s test were calculated using Kendall’s W, while effect sizes for the Wilcoxon Signed-
Rank were calculated using Pearson’s r. As non-parametric statistics were employed, all results
are reported using median and interquartile range (IQR).
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RESULTS

Weight and BMI: No significant changes in weight or BMI were found following the
intervention. At pre, participants had an median weight of 62.2, IQR=7.7 kg and BMI of 22.8,
IQR=1.88 kg/m? and at post weight remained at 62.3, IQR=7.0 kg with a BMI of 23.2, IQR=1.71
kg/m?2.

Attendance: Participants demonstrated a high attendance rate (median=87.5, IQR=4.2%). When
recordings were added to the calculation (for participants that missed the live class) high
attendance remained unchanged (median=87.5, IQR=4.24%) with 10 out of 16 participants
(62.5%) completing at least 80% of all classes (both live and with recordings).

Postural Stability: As Figure 2 and Table 2 illustrate, large significant reductions in mediolateral
excursions were found from pre-mid in eyes closed (p=.003, r=.76) and foam conditions (p=.020,
r=.60). Additionally, large significant drops in sway area were observed in Figure 3 and Table 2
when standing on the foam from pre-mid (p=.015, r=.63), and similar trends were detected
during eyes closed (p=.057, W=.19). When Bonferroni corrections were applied to the post-hoc
tests, reduced excursions during eyes closed and the sway area during foam remained
significant. While no significant differences were found during trials with the eyes open, trends
with small effect sizes in excursions were found in both mediolateral (p=.074, W=.17) and
anteroposterior directions (p=.074, W=.17).

Raw Excursion Values Over 12 Weeks of Online Dance Classes

e e = H ﬁ@

Eyes Open AP Eyes Closed AP Foam AP Eyes Open ML Eyes Closed ML ~ Foam ML

M Pre [ | Mid [T Post

Figure 2. Median excursions pre, mid and post 12 weeks of online dance classes. Error bars represent interquartile
range. Asterisk (*) denotes p<0.05; Dagger (1) denotes p<0.01. Following Bonferroni corrections to post-hoc tests,
only reductions during eyes closed remained significant. AP = Anteroposterior Excursions; ML = Mediolateral
Excursions.
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Raw Area Values Over 12 Weeks of Online Dance

Classes
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Figure 3. Median area pre, mid and post 12 weeks of online dance classes. Error bars represent interquartile range.
Asterisk (*) denotes p<0.05. After applying a Bonferroni correction to post-hoc tests, reductions in sway area
remained significant.

Table 2. Center of pressure excursion and area pre, mid and post 12 weeks of online dance classes.

Pre Mid Post
Median (IQR) Median (IQR) Median (IQR)

IEyes Open I I

Mediolateral excursion (cm) 3.83 (3.15) 3.64 (1.19) 2.67 (2.70)

Anteroposterior excursion (cm) 2.49 (0.94) 2.01 (1.28) 2.16 (0.78)

Area (cm?) 10.33 (12.06) 8.34 (5.76) 6.69 (7.19)
Eyes Closed

Mediolateral excursion (cm) 4.33 (3.37)2 3.19 (1.72)2 3.58 (2.27)

Anteroposterior excursion (cm) 3.07 (0.94) 2.39 (0.57) 2.71 (0.88)

Area (cm?) 11.70 (13.89) 8.89 (7.99) 10.4 (10.02)
Foam

Mediolateral excursion (cm) 7.81 (3.31)2 5.59 (3.81)a 6.59 (4.00)

Anteroposterior excursion (cm) 3.42 (1.18) 3.24 (0.71) 3.00 (0.99)

Area (cm?) 28.84 (21.50)2 25.86 (16.65)2 23.67 (21.13)

Symbol () denotes significant difference p<0.05 between time points from pre-mid. When Bonferroni corrections
were applied to the post-hoc tests, reduced excursions during foam no longer reached significance.
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Dynamic Balance: As shown in Table 3, at mid-testing, large effects were observed as participants
were able to reach significantly further when completing lateral leg stretches (p=.008, r=.68). This
gain was also observed from pre-post (p=.008, r=.69). Large improvements in the posterior-
lateral direction were also found from pre-post (p=.009, r=.75) with trends and large effects seen
from mid-post (p=.054, r=.56). Significance was retained when Bonferroni corrections were used
in post-hoc tests.

Table 3. Distances reached during a modified SEBT pre, mid and post 12 weeks of online dance classes.

Pre Mid Post

Median (IQR) Median (IQR) Median (IQR)
Anterior (cm) ' 54.00 (12.00) ' 60.50 (13.00) ' 61.00 (10.50)
Anterior-Lateral (cm) 60.50 (12.75) 67.50 (14.25) 66.50 (9.75)
Lateral (cm) 63.50 (12.50)a 65.50 (17.25)a 66.00 (12.00)
Posterior-Lateral (cm) 58.50 (13.00)b 67.50 (11.00) 66.25 (19.50)b
Posterior (cm) 61.50 (18.00) 62.25 (11.63) 64.00 (6.00)
Posterior-Medial (cm) 50.50 (24.13) 60.25 (24.00) 65.00 (21.63)
Medial (cm) 45.50 (13.00) 46.00 (13.00) 49.00 (12.00)
Anterior-Medial (cm) 50.50 (13.13) 55.00 (11.38) 54.5 (10.75)

Symbols (#) denote significant differences p<0.05 between time points: (?) pre-mid; (¥) pre-post. Significance
remained following Bonferroni corrections to post-hoc tests. SEBT = Star Excursion Balance Test.

Strength: No significant differences in the number of repetitions were observed in Figure 4 using
the 30STS while the CRS was significantly higher from pre-post (p=.015, r=.63) and from mid-
post (p=.020, r=.60), as well as demonstrated large effect sizes. Upon application of a Bonferroni
correction to post-hoc tests, changes from pre-post remained significant, while those from mid-
post did not. Furthermore, the change in plantarflexor strength demonstrated clinical
significance as there was a mean difference of 4.44 from mid-post (minimally important
difference = 3.50 (27)).

Health Questionnaire: No significant differences in scores of general health on the SF-36 were
found through the 12-week session (pre: median= 70, IQR=17.5; mid: median= 70, IQR=25; post:
median=60, IQR=22.5).

Chi-squared values, Z-scores, p-values and effect sizes for all variables of interests can be found
in Table 4. To ease comparison to other studies, mean and standard deviation for all variables of
interest can be found in Table 5.
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Number of Repetitions on Measures of Lower Limb

Strength .
50 ' i
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30STS CRS
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Figure 4. Median lower limb strength pre, mid and post 12 weeks of online dance classes. Error bars represent
interquartile range. Asterisk (*) denotes p<0.05; Double dagger (*) denotes clinical significance. Following
Bonferroni corrections to post-hoc tests, changes from pre-post remain significant while those from mid-post do
not.

Table 4. Chi-Squared, Z-scores, p-values and effect sizes for postural stability, dynamic balance, and lower limb
strength data.

Friedman Wilcoxon Pre-Mid Wilcoxon Mid -Post Wilcoxon Pre-Post
X2 P w V4 P ES Z P ES Z P ES
Postural Stability Eyes Open
Mediolateral excursion

520 .074 0.17 - - - - - - - - -

(cm)

Anteroposterior 520 074 017 - - - - o o
excursion (cm)

Area (cm?) 253 282 0.08 - - - - - - - - -

Postural Stability Eyes Closed

Mediolateral excursion o .o 50s 055 295 003t 076 1.82 069 047 165 100 043

(cm)

Anteroposterior 013 936 000 - - - - oo
excursion (cm)

Area (cm?) 573 .057 0.19 - - - - - - - - -

Postural Stability Foam

Mediolateral excursion ¢ o (15« 028 233 020+ 060 045 650 012 170 088 044

(cm)
Anteroposterior 120 549 004 - - - - - - - - -
excursion (cm)

Area (cm?) 640 .041* 021 244 .015* 063 11 910 0.03 1.70 .088 0.44

SEBT
Anterior (cm) 1.60 449 0.05 - - - - - - - - -
Anterior-Lateral (cm) 3.60 165 0.12 - - - - - - - - -
Lateral (cm) 593 .052 020 265 .008t 068 028 776 0.07 267 .008t 0.69
Posterior-Lateral (cm) 717 .028* 030 157 117 045 193 .054 056 259 .009t 0.75
Posterior (cm) 268 262 0.11 - - - - - - - - -
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Posterior-Medial (cm) 285 240 012

Medial (cm) 2.00 368 0.08 - - - - - - - - -

Anterior-Medial (cm) 229 319 0.08 - - - - - - - - -
Strength

30STS (# Repetitions) 486 .08 016 - - - - - - - - -

CRS (# Repetitions) 898 .011* 030 098 326 025 233 .020* 0.60 243 .015* 0.63

Asterisk (*) denotes p<0.05; Dagger () denotes p<0.01. SEBT = Star Excursion Balance Test; 30STS = 30 second Sit-

to-Stand; CRS = Calf-Raise Senior

Table 5. Mean and SD for all variables of interest.

Pre Mid Post
M (SD) M (SD) M (SD)
Participant Characteristics
N 16
Age (years) 74.38 (5.62)
BMI (kg/m?) 23.38 (2.82)
PASE 142.00 (65.00)
Postural Stability Eyes Open
Mediolateral excursion (cm) 4.29 (2.21) 3.80 (1.43) 3.66 (2.05)
Anteroposterior excursion (cm) 2.43 (0.51) 2.09 (0.58) 2.17 (0.48)
Area (cm?) 13.31 (11.23) 8.23 (3.80) 8.20 (4.51)
Postural Stability Eyes Closed
Mediolateral excursion (cm) 5.08 (2.47)2 3.46 (1.25)2 4.07 (1.91)
Anteroposterior excursion (cm) 3.12 (1.41) 2.84 (0.48) 2.90 (0.95)
Area (cm?) 23.45 (33.39) 10.20 (4.64) 12.89 (8.88)
Postural Stability Foam
Mediolateral excursion (cm) 8.43 (2.76)2 6.56 (2.66)2 6.87 (3.37)
Anteroposterior excursion (cm) 3.53 (0.87) 3.44 (0.65) 3.37 (0.78)
Area (cm?) 33.59 (20.08)a 22.79 (10.53)2 23.67 (12.05)
Star Excursion Balance Test
Anterior (cm) 57.70 (10.63) 56.90 (13.09) 59.83 (9.39)
Anterior-Lateral (cm) 61.90 (10.10) 64.13 (10.49) 64.97 (8.01)
Lateral (cm) 61.57 (8.72)20 64.80 (10.61)2 65.60 (7.74)b
Posterior-Lateral (cm) 61.17 (11.49)b 63.50 (13.80) 67.46 (11.26)b
Posterior (cm) 61.75 (15.33) 61.75 (12.62) 63.29 (7.95)
Posterior-Medial (cm) 55.21 (15.60) 58.29 (13.48) 59.58 (13.11)
Medial (cm) 46.19 (12.08) 45.96 (8.91) 46.96 (9.17)
Anterior-Medial (cm) 53.86 (9.35) 55.75 (9.08) 54.86 (8.27)

Strength
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30STS (# Repetitions) 13.53 (4.67) 14.73 (5.09) 15.67 (4.94)

CRS (# Repetitions) 22.60 (10.15)° 22.93 (7.62)¢ 25.67 (9.18)b

Symbols (*P<) denote significant differences p<0.05 between time points: (%) pre-mid; () pre-post; () mid-post. When
Bonferroni corrections are applied to post-hoc tests, mediolateral improvements during foam and increased
repetitions from mid-post no longer reach significance. SD = Standard Deviation; BMI = body mass index; PASE =
Physical Activity Scale for the Elderly; SEBT = Star Excursion Balance Test; 30STS = 30 second Sit-to-Stand; CRS =
Calf-Raise Senior.

DISCUSSION

The aim of this study was to determine whether online dance classes can improve postural
stability, dynamic balance and strength for women aged 65 years and above. While prior studies
have explored the psychosocial impacts of online dance classes, few studies have specifically
examined their efficacy as fall prevention programming for older women(21,43).

Attendance: When transitioning to the online platform, maintaining comparable attendance
rates to in-person programming was of initial paramount. A meta-analysis by Clifford and
colleagues (9) of 19 studies revealed in-person dance classes, designed as tailored fall prevention
programming for older adults, reported an attendance rate above 80%. Our attendance rate of
87.5% is comparable. This indicates that online classes (and recordings) are engaging and viable.

Postural Stability: The reported decreases in mediolateral excursion during eyes-closed and on
foam (from pre-to-mid) are consistent with previous work investigating in-person dance classes.
Granacher and colleagues (20) found trends towards reduced mediolateral excursions when
participants completed a 30 second single leg stand following 8 weeks of salsa classes.
Additionally, Sofianidis and colleagues (39) showed significant decreases in mediolateral
excursion following 10 weeks of traditional Greek dancing. Interestingly, like us, they did not
report improvements in the anteroposterior direction. To be visible to the audience, most dance
is designed for movement in the frontal plane. This is unlike other balance programs that mimic
daily tasks, such as walking and climbing stairs, which are focused on functional movements in
the sagittal plane. These lateral motions ascribed to dance, along with accrued use of external
rotation, leads to higher recruitment and improved neural control of the glutes, adductors and
abductors when compared to traditional balance programs and can explain these reductions in
mediolateral excursion (45).

Additionally, base of support was intentionally not enforced, measured or mentioned when
testing. That is, as individuals age and muscle atrophy is present, a narrower base of support
has been observed (32,36). Strength work of the glute, abductor and adductor muscles
completed in dance can all serve to widen the base of support, which improves mediolateral
control. Though base of support is beyond the scope of the present study, the mediolateral
improvements could also indicate that participants learned to widen their base of support (32).
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A meta-analysis conducted by Quijoux and colleagues (36) found that mediolateral excursion
can accurately predict fall status, and has superior prediction abilities to anteroposterior values.
This suggests that the improvements we observed in mediolateral excursion following only six
weeks of dance classes are clinically significant as this may in fact translate into tangible
reductions in fall risk and rate, further demonstrating online dance classes as practical fall
prevention programming.

Postural stability is heavily dependent on visual feedback; this can explain why no significant
changes were observed in the eyes-open condition. Low and colleagues (27) have suggested that
the reliance on visual feedback during eyes-open obscures potential improvements in postural
control following exercise, as the sensorimotor and neuromuscular paths that improve with
exercise are not given sensory weight.

Dynamic Balance: Participants exhibited enhanced dynamic balance, evident by the significant
improvements reported in the lateral (from pre-mid and maintained through post) and
posterior-lateral (from pre-post and mid-post) directions. As well, although testimonial, notable
gains in confidence were observed in participants when completing this test. For example, at
pre, many participants indicated that they felt unsteady during the trial and were only
comfortable keeping their supporting knee straight, thereby limiting their reach. By post,
participants appeared much more comfortable in bending their supporting knee while trying to
stretch further. Movements practiced during the dance classes, particularly tendus, mirrored the
SEBT and could have led to an improvement in neuromuscular pathways and the transfer of
skills (2,8). Tendus are performed by standing on the supporting leg and sliding the foot along
the ground out and in (38). Tendus are typically performed in anterior, lateral and posterior
directions, which could explain why improvements were seen in lateral and posterolateral
directions (8,38). Continuous motor practice is known to enhance corticospinal excitability, with
benefits lasting for several days after practice stops (8). The greater reaches participants
displayed in specific practiced directions may reflect this mechanism and indicate improved
control. Neuromuscular changes generally occur in the first 3-5 weeks of training (34) which
explains the initial increase from pre-mid in lateral reaches. Earl and Hertel (15) used surface
electromyography during the SEBT to demonstrate that lateral and posterior-lateral directions
utilize higher activation of biceps femoris and tibialis anterior; gastrocnemius keeps a consistent
level of activation in all directions. Through the online dance classes, which specifically
exercised those muscles (45), activation could have been improved. Furthermore, Earl and
Hertel (15) found that lateral and posterior-lateral directions require the least amount of knee
flexion, perhaps leaving room for improvement detected after the end of the dance classes.

Similarly, in professional modern dancers, Ambegaonkar and colleagues (2) found significantly
further reach on the SEBT when compared to non-dancers. This is consistent with findings of
Krityakiarana & Jongkamonwiwat (24) who reported that Thai Khon masked dancers reached
turther in all directions when compared to non-dancers. Our results are further comparable to
other types of fall prevention programs. In a 12-week combined strength, balance-training, and
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Tai Chi Chuan class for adults aged 60-80 participants reached significantly further in all
directions except medial when compared to pre and when compared to a control group (55).

The improvement in dynamic balance can translate to reducing fall risk during activities of daily
living that involve changing body positions and transfers of weight such as walking to the shop,
sweeping the house, or stepping down from the sidewalk (51).

Lower Limb Strength: A clear training effect in plantarflexor strength was demonstrated by the
improvements observed in the CRS. While there were no significant changes from pre to mid,
there were both statistically and clinically significant increases from mid to post and pre to post.
Neuromuscular adaptations are the main drivers comprising early phases (weeks three to five)
of strength enhancements(34). As our effects were found at a later phase (after 12 weeks), it
suggests that hypertrophy produced these improvements in strength.

Surprisingly, we were only able to find a single study using dance as fall prevention which
specifically assessed plantarflexor strength (6). Cepeda and colleagues (6) suggested, that the
significant improvements in plantarflexor strength following eight weeks of ballroom dancing
can be attributed to increases in pennation angle, muscle thickness and fascicle length in the
gastrocnemius. This supports our findings of increased repetitions in the CRS. With greater
gastrocnemius strength, participants may have increased ease in controlling anteroposterior
sway with plantarflexors contractions and relaxations (51). Though no improvements in
anteroposterior sway were found, higher repetitions on the CRS may be enough to explain better
anteroposterior control.

While we did not observe improvements in knee and hip extensor strength on the 30STS,
previous work may allude to our limitations. Prior studies of in-person dance classes by Cruz-
Ferreira and colleagues (12) only reported significant increases in knee extensor strength after
24 weeks and not at their 12-week mid-test. McKinley and colleagues (30) were able to report
significant increases in knee extensor strength by 10 weeks but their participants were
completing an extra 90 minutes of dance classes every week when compared to our current
methodology. Franco and colleagues (18) demonstrated significant reductions in the amount of
time needed to complete the Sit-to-Stand test, but authors noted that the classes were designed
to be of a moderate intensity - which may not be safe in the online environment. This suggests
that significant improvements in knee and hip extensor strength may have been found with an
increased length of intervention, the duration of each session, or intensity.

Limitations: Several limitations are acknowledged, namely our lack of a control group is a flaw
and presents a primary limitation in the ability to eliminate possible confounding factors, such
as nutrition, supplements, or prior history of physical activity, as well as draw correct
conclusions. As this study was completed during the COVID-19 pandemic, institutional policies
on minimizing contact and in-person testing led to a maximum of 22 participants and the
decision for single group design. To aid in accounting for changes in fatigue, physical, or
emotional health over the study session, the SF-36 was administered and no significant
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differences were found in any of the health categories over the 12-week session. Future research
should add an in-person control group to directly compare whether online classes have equal
efficacy to in-person ones.

During the study period regional COVID-19 mask mandates ended and an increase in cases
affected older adults. This wave affected several of our participants and either caused them to
miss classes or completely withdraw from participation (n=2). Additionally, the delay of
physician appointments and late identification of conditions among older adults in Quebec
contributed to some of our participants being diagnosed with ongoing health conditions and
withdrawing (n=2). Another participant left the study prematurely due to lack of enjoyment and
the final participant did not attend any of the dance classes or respond to the research team’s
emails after pre-testing. In total, four participants withdrew from the study.

Additionally, while community-dwelling older adults are generally a heterogeneous
population, our cohort had a large range of physical activity levels, which may limit
interpretation of results as those with differing baseline activity levels may respond differently.
Normative data collected by Loland and colleagues (26) found 185 women (m=74.8 £ 6.6 years)
to have average PASE scores of 116.9, which is consistent with Washburn and colleagues (50)
who demonstrated 134 women (m=66.4 + 5.4 years) had average PASE scores of 123.9 + 66.3.
Comparatively, participants in this study were highly active with median PASE scores of 140.5
(IQR=40.75, m=142.0 £ 65.0). Due to our cohort’s already high fitness levels, improvements in
strength and balance are harder to achieve (29,44), thus some of our failure to report significance
may be attributed to an insufficient overload. The elevated physical activity levels of the
participants present a main constraint which future studies should address by using physical
activity levels as a criterion for participant eligibility.

Finally, with regards to testing of dynamic balance, the difficulty and resulting apprehension of
the SEBT could be a limitation. The SEBT was originally designed to be used in athletes, but has
been validated and used for older adults (42). To overcome apprehension among our
participants, a modification of lightly tapping into the center between every excursion was
added. This modification has not been validated and may limit our ability to directly compare
the results to other studies.

Practical Applications: Despite limitations, our results underscore the clinical significance of
online dance classes as accessible and enjoyable - a novel approach to reduce risk of falls in older
adults. The low-cost, and wide-reaching nature of online programs offer practical applications,
particularly for women living in remote communities or balancing caregiver responsibilities.
This avoids barriers such as transportation, lack of qualified instructors in the region or
pandemic guidelines. This online program provides opportunity to exercise, be in a social
environment and express themselves creatively from the comfort of their own homes.

Conclusion: Online dance classes represent a promising avenue for reducing the fall risk of older
women by improving postural stability, dynamic balance and strength. By adapting these
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programs to a range of styles, such as traditional dances, this may aid in promoting inclusion
and cultural diversity. By implementing this new and easily applicable fall prevention
intervention, the risk of falls may be reduced, subsequently decreasing injuries as well as
improving independence and quality of life of older women.

ACKNOWLEDGEMENTS

We would like to thank our participants for their trust, time and participation. EHC was
supported by the Canadian Graduate Scholarship - Master’s Program, Canadian Institutes of
Health Research/Instituts de Recherche en Santé du Canada and Fonds de Recherche du
Québec - Santé - Formation de Maitrise (319116).

REFERENCES

1. Alcazar J, Aagaard P, Haddock B, Kamper RS, Hansen SK, Prescott E, et al. Age- and sex-specific changes
in lower-limb muscle power throughout the lifespan. ] Gerontol A Biol Sci Med Sci 75(7): 1369-78, 2020.

2. Ambegaonkar JP, Caswell SV, Winchester JB, Shimokochi Y, Cortes N, Caswell AM. Balance comparisons
between female dancers and active nondancers. Res Q Exerc Sport 84(1): 24-9, 2013.

3. André H-I, Carnide F, Borja E, Ramalho F, Santos-Rocha R, Veloso AP. Calf-raise senior: A new test for
assessment of plantar flexor muscle strength in older adults: Protocol, validity, and reliability. Clin Interv
Aging 11: 1661-74, 2016.

4. André H-I, Moniz-Pereira V, Ramalho F, Santos-Rocha R, Veloso A, Carnide F. Responsiveness of the Calf-
raise senior test in community-dwelling older adults undergoing an exercise intervention program. PLoS
One 15(4): 0231556, 2020.

5. Britten L, Addington C, Astill S. Dancing in time: Feasibility and acceptability of a contemporary dance
programme to modify risk factors for falling in community dwelling older adults. BMC Geriatr 17(1): 83,
2017.

6. Cepeda CCP, Lodovico A, Fowler N, Rodacki ALF. Effect of an eight-week ballroom dancing program on

muscle architecture in older adult females. ] Aging Phys Act 23(4): 607-12, 2015.

7. Chang VC, Do MT. Risk factors for falls among seniors: Implications of gender. Am J Epidemiol 181(7):
521-31, 2015.

8. Christiansen L, Madsen M]J, Bojsen-Mgller E, Thomas R, Nielsen B, Lundbye-Jensen J. Progressive practice
promotes motor learning and repeated transient increases in corticospinal excitability across multiple days.
Brain Stimul 11(2): 346-57, 2018.

9. Clifford AM, Shanahan ], McKee J, Cleary T, O’Neill A, O'Gorman M, et al. The effect of dance on physical
health and cognition in community dwelling older adults: A systematic review and meta-analysis. Arts
Health 15(2): 200-28, 2023.

International Journal of Exercise Science http:/ /www.intjexersci.com

697

—
| —



Int | Exerc Sci 17(1): 682-701, 2024

10. Colley RC, Garriguet D, Janssen I, Craig CL, Clarke ], Tremblay MS. Physical activity of Canadian adults:
Accelerometer results from the 2007 to 2009 Canadian Health Measures Survey. Health Rep 22(1): 7-14,
2011.

11. Coubard O, Duretz S, Lefebvre V, Lapalus P, Ferrufino L. Practice of contemporary dance improves
cognitive flexibility in aging. Front Aging Neurosci 3: 13, 2011.

12. Cruz-Ferreira A, Marmeleira ], Formigo A, Gomes D, Fernandes J. Creative dance improves physical fitness
and life satisfaction in older women. Res Aging 37(8): 837-55, 2015.

13. Davis JC, Robertson MC, Ashe MC, Liu-Ambrose T, Khan KM, Marra CA. International comparison of cost
of falls in older adults living in the community: A systematic review. Osteoporos Int 21(8): 1295-306, 2010.

14. Do MT, Chang VC, Kuran N, Thompson W. Fall-related injuries among Canadian seniors, 2005-2013: An
analysis of the Canadian Community Health Survey. Health Promot Chronic Dis Prev Can 35(7): 99-108,
2015.

15. Earl JE, Hertel J. Lower-extremity muscle activation during the Star Excursion balance tests. ] Sport Rehabil
10(2): 93-104, 2001.

16. Eyigor S, Karapolat H, Durmaz B, Ibisoglu U, Cakir S. A randomized controlled trial of Turkish folklore
dance on the physical performance, balance, depression and quality of life in older women. Arch Gerontol
Geriatr 48(1): 84-8, 2009.

17. Filar-Mierzwa K, Dtugosz M, Marchewka A, Dabrowski Z, Poznariska A. The effect of dance therapy on
the balance of women over 60 years of age: The influence of dance therapy for the elderly. ] Women Aging
29(4): 348-55, 2017.

18. Franco MR, Sherrington C, Tiedemann A, Pereira LS, Perracini MR, Faria CSG, et al. Effect of senior dance
(DanSE) on fall risk factors in older adults: A randomized controlled trial. Phys Ther 100(4): 600-8, 2020.

19. Frischknecht R. Effect of training on muscle strength and motor function in the elderly. Reprod Nutr Dev
38(2): 167-74,1998.

20. Granacher U, Muehlbauer T, Bridenbaugh SA, Wolf M, Roth R, Gschwind Y, et al. Effects of a salsa dance
training on balance and strength performance in older adults. Gerontol 58(4): 305-12, 2012.

21. Hansen RK, Jochum E, Egholm D, Villumsen M, Hirata RP. Moving together: Effect of a 12-week online
dance training intervention on static and dynamic postural stability and gait speed in older adults A pre-
post intervention study. Preprint doi: https:/ /doi.org/10.1101/2023.11.01.23297899, 2023.

22. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in community-
residing older adults. Res Q Exerc Sport 70(2): 113-9, 1999.

23. Kramer IF, Snijders T, Smeets JS], Leenders M, van Kranenburg J, den Hoed M, et al. Extensive type 11
muscle fiber atrophy in elderly female hip fracture patients. ] Gerontol A Biol Sci Med Sci 72(10): 1369-75,
2017.

24. Krityakiarana W, Jongkamonwiwat N. Greater Star Excursion Balance Test performance in Thai Khon
masked dancers versus nondancers. ] Dance Med Sci 26(3): 146-54, 2022.

International Journal of Exercise Science http:/ /www.intjexersci.com

[698}



Int | Exerc Sci 17(1): 682-701, 2024

25. LiZ, Liang Y-Y, Wang L, Sheng ], Ma S-]. Reliability and validity of center of pressure measures for balance
assessment in older adults. ] Phys Ther Sci 28(4): 1364-7, 2016.

26. Loland N. Reliability of the physical activity scale for the elderly (PASE). Eur J Sport Sci 2(5): 1-12, 2002.

27. Low DC, Walsh GS, Arkesteijn M. Effectiveness of exercise interventions to improve postural control in
older adults: A systematic review and meta-analyses of centre of pressure measurements. Sports Med 47(1):
101-12, 2017.

28. Lyons RA, Perry IM, Littlepage BNC. Evidence for the validity of the short-form 36 questionnaire (SF-36)
in an elderly population. Age Ageing 23(3): 182-4, 1994.

29, Mangine GT, Gonzalez AM, Townsend JR, Wells AJ, Beyer KS, Miramonti AA, et al. Influence of baseline
muscle strength and size measures on training adaptations in resistance-trained men. Int ] Exerc Sci 11(4):
198-213, 2018.

30. McKinley P, Jacobson A, Leroux A, Bednarczyk V, Rossignol M, Fung ]. Effect of a community-based
Argentine tango dance program on functional balance and confidence in older adults. ] Aging Phys Act
16(4): 435-53, 2008.

31. Navalta JW, Stone W], Lyons TS. Ethical issues relating to scientific discovery in exercise science. Int ] Exerc
Sci 12(1): 1-8, 20109.

32. Nogueira Lahr S, Ugrinowitsch H, Portes L, Andrade A, Benda R. Effects of aging and base of support in
postural control. Braz ] Phys Educ Sport 31: 91-7, 2017.

33. Olmsted LC, Carcia CR, Hertel J, Shultz SJ. Efficacy of the Star Excursion Balance Tests in detecting reach
deficits in subjects with chronic ankle instability. ] Athl Train 37(4): 501-6, 2002.

34. Pearcey GEP. Chronic resistance training: Is it time to rethink the time course of neural contributions to
strength gain? Eur ] Appl Physiol 121(9): 2413-22, 2021.

35. Public Health Agency of Canada. Seniors” falls in Canada: Second report. Retrieved from:
https:/ /www.canada.ca/en/public-health/services/ publications/healthy-living/seniors-falls-canada-
second-report.html; 2014.

36. Quijoux F, Vienne-Jumeau A, Bertin-Hugault F, Zawieja P, Lefevre M, Vidal P-P, et al. Center of pressure
displacement characteristics differentiate fall risk in older people: A systematic review with meta-analysis.
Ageing Res Rev 62: 101117, 2020.

37. Roongbenjawan N, Siriphorn A. Accuracy of modified 30-s chair-stand test for predicting falls in older
adults. Ann Phys Rehabil Med 63(4): 309-15, 2020.

38. Schorer S, Lee R, Rosegg C. Suki Schorer on Balanchine technique. Gainesville, FL: University Press of
Florida; 2006.

39. Sofianidis G, Hatzitaki V, Douka S, Grouios G. Effect of a 10-week traditional dance program on static and

dynamic balance control in elderly adults. ] Aging Phys Act 17(2): 167-80, 2009.

International Journal of Exercise Science http:/ /www.intjexersci.com

699

—
| —



Int | Exerc Sci 17(1): 682-701, 2024

40. Stel VS, Smit JH, Pluijm SMF, Lips P. Balance and mobility performance as treatable risk factors for
recurrent falling in older persons. ] Clin Epidemiol 56(7): 659-68, 2003.

41. Stevens JA, Sogolow ED. Gender differences for non-fatal unintentional fall related injuries among older
adults. Inj Prev 11(2): 115-9, 2005.

42. Stockert B, Barakatt E. Test-retest reliability of the Star Excursion Balance Test in a geriatric population. J
Geriatr Phys Ther 28(3): 116, 2005.

43. Thomsen M]J, Liston M, Christensen MG, Vestergaard P, Hirata R. A combination of web-based and in-
person training reduced fall accidents in older adults during the COVID-19 pandemic. Iproceedings 8(1):
e41105, 2022.

44, van Tol BAF, Huijsmans R], Kroon DW, Schothorst M, Kwakkel G. Effects of exercise training on cardiac
performance, exercise capacity and quality of life in patients with heart failure: A meta-analysis. Eur] Heart
Fail 8(8): 841-50, 2006.

45. Trepman E, Gellman RE, Solomon R, Murthy KR, Micheli L], De Luca CJ. Electromyographic analysis of
standing posture and demi-plié in ballet and modern dancers. Med Sci Sports Exerc 26(6): 771-82, 1994.

46. Tsang WWN, Hui-Chan CWY. Effects of exercise on joint sense and balance in elderly men: Tai Chi versus
golf. Med Sci Sports Exerc 36(4): 658-67, 2004.

47. United Nations, Department of Economic and Social Affairs, Population Division. World Population
Ageing 2019: Highlights. Retrieved from: https://www.un.org/development/desa/pd/news/world-
population-ageing-2019-0; 2019.

48. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and
item selection. Med Care 30(6): 473-83, 1992.

49. Washburn RA, Ficker JL. Physical activity scale for the elderly (PASE): The relationship with activity
measured by a portable accelerometer. ] Sports Med Phys Fitness 39(4): 336-40, 1999.

50. Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical activity scale for the elderly
(PASE): Evidence for validity. ] Clin Epidemiol 52(7): 643-51, 1999.

51. Winter D. Human balance and posture control during standing and walking. Gait Posture 3(4): 193-214,
1995.
52. World Health Organization. WHO global report on falls prevention in older age. Retrieved from:

https:/ /iris.who.int/bitstream/handle/10665/43811/9789241563536_eng.pdf?sequence=1; 2007.

53. World Health Organization. Global strategy and action plan on ageing and health. Retrieved from:
https:/ /iris.who.int/ bitstream/handle/10665/329960/9789241513500-eng.pdf?sequence=1; 2017.

54. Wu W-L, Wei T-S, Chen S-K, Chang J-J, Guo L-Y, Lin H-T. The effect of Chinese Yuanji-dance on dynamic
balance and the associated attentional demands in elderly adults. ] Sports Sci Med 9(1): 119-26, 2010.

55. Zhuang ], Huang L, Wu Y, Zhang Y. The effectiveness of a combined exercise intervention on physical
fitness factors related to falls in community-dwelling older adults. Clin Interv Aging 9: 131-40, 2014.

International Journal of Exercise Science http:/ /www.intjexersci.com

( ]
l7001



Int ] Exerc Sci 17(1): 682-701, 2024

@00

International Journal of Exercise Science http:/ /www.intjexersci.com

701

—
| —



