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Abstract

Parkinson disease (PD) is a progressive, neurodegenerative movement disorder that is often
accompanied by impaired balance and walking and reduced quality of life. Recent studies indicate
that dance may be an effective alternative to traditional exercise for addressing these areas of concern
to individuals with PD. This review summarizes the relatively scant literature on the benefits of dance
for those with PD, discusses what is currently known with respect to appropriate dosing of dance
interventions, and speculates upon potential mechanisms by which dance may convey benefits. There
is a clear need for additional research using larger sample sizes to examine the potential long-term
effects of dance for those with PD.

Introduction

Difficulties with gait and balance are common among individuals with Parkinson disease (PD),
contributing to an increased incidence of falls. Gait changes include slowness of walking with
short, shuffling steps and a flexed posture, and may also include festination and/or freezing of
gait.1 Aspects of walking that appear to be particularly impaired include dual tasking, turning
and walking backward.2 Balance difficulties also seem to be particularly pronounced in the
backward direction, with most falls occurring during tasks that require backward movement
or with perturbation in the backward direction.3# A prospective, six-month study reported that
more than 70% of individuals with PD fell in this period of time, with 50% experiencing an
additional fall in the subsequent six months.5 Falls are a major concern in PD, as those with
PD are 3.2 times more likely than those without PD to sustain a hip fracture. The annual cost
of hip fracture care for those with PD in the United States is estimated to be $192 million.” In
addition to the obvious financial costs associated with falls, reduced functional mobility can
also contribute to withdraw from activities, social isolation, osteoporosis, muscle weakness,
and low self esteem.® In fact, axial impairment, which includes gait and balance problems, has
been identified as a major influence on health-related quality of life (QoL).? Other major
contributors to QoL are psychological adjustment to PD, depression, and cognition.10-12

Medical treatments for PD, including medications and deep brain stimulation, do not fully
address gait and balance issues and, as such, other approaches are needed.13 One approach to
these problems is through the use of exercise. Traditional exercise approaches to address gait
and balance difficulties may include dynamic balance training, treadmill training, or strength
training. A recent review regarding the benefits of exercise for those with PD concluded that
there is sufficient evidence in the literature to support the positive effects of exercise on gait
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speed, strength, balance, and quality of life.14 Evidence also suggests that individuals with
higher levels of habitual physical activity are at lower risk for developing PD.15 Finally, animal
models suggest that exercise may decrease neuronal injury in a toxin-induced model of PD.16

Given the potential benefits of exercise for those with PD, recommendations have been made
regarding key components of an exercise program designed for those with PD. Keus et al. 17
recommend four key areas: 1) cueing strategies to improve gait, 2) cognitive movement
strategies to improve transfers, 3) exercises to improve balance, and 4) training of joint mobility
and muscle power to improve physical capacity. Emerging evidence also suggests that aerobic
training, such as walking on a treadmill, may result in improved quality of life, reduced disease
severity as reflected by lowering of UPDRS-II1 scores, and improved aerobic capacity.18-21

Despite mounting evidence regarding the importance of exercise for the general population,
and for those with PD, more than 50% of the general population does not meet the
recommended daily level of physical activity.22 This number is likely even greater in
individuals with PD, as their daily activity levels may be much lower than those of individuals
without PD.23 As such, development of exercise programs that incorporate the key elements
in a format that is enjoyable and engaging, thus potentially promoting motivation to regularly
participate in the activity, seems critical. Given these specifications, dance may be a highly
suitable intervention for individuals with PD.

Dance as an Alternative Form of Exercise

Dance may address each of the key areas that have been identified as being important for an
exercise program designed for individuals with PD.17 First, dance is an activity performed to
music. The music may serve as an external cue to facilitate movement, thus addressing the first
recommended component which is the use of external cues. Dance also involves the teaching
of specific movement strategies, which is the second recommended component of a PD-
specific exercise program. For example, in Argentine tango participants can be taught a very
specific strategy for walking backward. They are taught to keep the trunk over the supporting
foot while reaching backward with the other foot, keeping the toe of that rear foot in contact
with the floor as it slides back and shifting weight backward over the rear foot only after it is
firmly planted. Dance also addresses the third recommended component, balance exercises.
Throughout dancing, particularly with a partner, one must control balance dynamically and
respond to perturbations within the environment (e.g. being bumped by another couple). In
fact, people who have danced habitually over their lives are known to have better balance and
less variable gait than non-dancers.2425 Additionally, dance-based balance training has been
shown to be successful in improving balance in elderly individuals.2® Dance also could enhance
strength and/or flexibility, although these may not be specific foci of the instruction during a
dance class. Finally, dance can result in improved cardiovascular functioning, a testament to
the fact that, if done with sufficient intensity, dance is an excellent form of aerobic exercise.
27 1n addition to addressing each of the key components, dance is an enjoyable and socially
engaging activity. In fact, dance in a social setting may enhance motivation.28 For these
reasons, dance may be an excellent form of exercise for those with PD. The section that follows
reviews the available research to date regarding the potential benefits of dance for people with
PD.

Benefits of Dance for Individuals with PD

There are limited numbers of studies to date that examine the benefits of dance for individuals
with PD. One of the earliest such studies compared a 6-week period of dance/movement therapy
to a traditional exercise program. 2% The authors observed improvements in movement

initiation in the dance group but not in the exercise group. Another early study examining the
benefits of dance therapy for individuals with neurological deficits (specifically traumatic brain
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injury and stroke) described improvements in balance, gait, and cognitive performance with a
twice weekly, 5-month intervention.3% Within a few years of this study, the Mark Morris Dance
Group and the Brooklyn Parkinson Group collaborated to develop “Dance for PD”, a dance/
movement class. This class continues to be offered on a weekly basis and a recent study of this
class suggests that it positively impacts quality of life.31 While these studies have all focused
on dance/movement therapy using free-form movement and often dancing without a partner,
another line of research has examined the benefits of partnered dance, with a specific emphasis
on Argentine tango.

McKinley and colleagues were the first to report the benefits of Argentine tango for frail elderly
individuals who did not have PD.32:33 |n comparison to a group who walked for exercise, those
who danced tango showed greater improvements in balance and walking speed. They also
noted improved strength in both groups, as assessed by a timed sit-to-stand test. This work
inspired our laboratory to pursue studies examining the effects of tango on functional mobility
in individuals with PD.

Individuals with PD demonstrated significant improvements in balance, as evidenced by an
average improvement of 4 points on the Berg Balance Scale, with a twice weekly, 10-week
tango program.34 In contrast, the traditional exercise group in this study did not show
significant improvements in balance. The tango group also showed an improvement of 1s on
the Timed Up & Go, while no improvement was noted in the traditional exercise group. There
was also an apparent difference in level of interest in continuing to participate in tango vs.
traditional exercise classes after the study ended, as nearly half of the tango group continued
to participate in ongoing classes but none of the exercise group members continued.3® In fact,
some of the traditional exercise group members joined the tango classes upon completion of
the study (Earhart lab, unpublished observation). These were the first studies to demonstrate
the potential benefits of Argentine tango for people with PD. These studies were followed by
additional investigations of the effects of Argentine tango as compared to other interventions.

A comparison of tango, waltz/foxtrot, Tai Chi, and no intervention suggests that all three
interventions were superior to no exercise.36:37 With both forms of dance and Tai Chi there
were significant improvements on the Berg Balance Scale (Figure 1). Average improvement
in each dance group was 4 points with effect sizes >0.9 and in the Tai Chi group was 3 points
with an effect size of 0.8. All three interventions also resulted in significant improvements of
40 meters or more in six minute walk distance (6MWD), with effect sizes of 0.63, 0.50, and
0.36 for tango, waltz/foxtrot, and Tai Chi, respectively (Figure 1). Backward walking velocity
and backward stride length also improved significantly in all 3 interventions, with effect sizes
ranging from 0.3 to 0.6. Differences between the interventions emerged for the Timed Up &
Go and for forward walking. Although no significant changes in these measures were noted
with any of the interventions, the largest improvements were noted in the tango group. The
tango group decreased TUG time by 2 seconds with an effect size of 0.45, while waltz/foxtrot
showed no change in TUG time and Tai Chi improved by only one second with an effect size
of 0.23. The tango group also demonstrated an increase in forward walking velocity of 0.08
m/s, with an effect size of 0.36, while the other interventions showed changes of 0.02 m/s or
less.

In addition to these recent studies of dance for PD, there have been a few articles published
within the past year on the benefits of dance for elderly individuals without PD. In elderly
women, a once weekly 12-week jazz dance class was beneficial in improving static balance as
assessed by the Sensory Organization Test.38 Another large study of over 100 older women
demonstrated improvements in 6MWD and Timed Up & Go after a twice weekly, 12-week
dance program.3? Finally, improvements in 6MWD, balance, rising from a chair, and stair
climbing were noted after an 8-week program of folkloric dance.40
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Are Benefits Obtained with Dance Clinically Meaningful for People with PD?

Changes of 3-4 points on the Berg Balance score, as have been reported with several dance
interventions for those with PD, exceed the smallest detectable difference which has been
determined for individuals with PD to be 2.84.41 Changes in the Berg Balance score with dance
in a group of healthy elderly, however, were less than 2 points.4? The reported changes in gait
speed of 0.08-0.1 m/s for those with PD who participated in dance are also above defined
thresholds for a meaningful change. A change in gait speed of 0.05 m/s has been deemed small
but meaningful, and a 0.1 m/s change has been deemed a substantial and clinically meaningful.
42 A study of dance in healthy elderly showed an increase of 0.05m/s in walking speed.*2
Finally, dance interventions for those with PD have resulted in improvements of 40-60m in
6MWD which again are considered meaningful. A change in 6MWD of 20m has been deemed
small but meaningful, and a 50m change has been deemed a substantial and clinically
meaningful change.*2 It is interesting to note that dance studies in the healthy elderly report
similar gains of 40-60m in 6MWD.3940 |n summary, the benefits of dance for those with PD
appear to be of large enough magnitude to be clinically meaningful. Those with PD may have
similar benefits as healthy elderly with respect to cardiovascular effects of dance, as reflected
by 6MWD, but may stand to gain more than healthy elderly with respect to balance and gait.
Given the very limited evidence, however, additional studies are needed to determine how
those with PD compare to the healthy elderly in terms of the benefits they may garner from
dancing.

Indications for Use of Dance as Therapy in PD

To date, published studies of dance for individuals with PD have included mainly individuals
in Hoehn & Yahr stages I-111. Some have suggested that early intervention may be a key to
improving and preserving function among those with PD, and as such dance may be indicated
even for those who have been diagnosed with PD but are not experiencing falls or balance
difficulties. Those with more advanced disease also may benefit from dance, but inclusion
criteria have often included a stipulation that the individual must be able to walk 3m with or
without an assistive device but without physical assistance from another person.34:35:43 Those
whose disease has advance sufficiently to warrant treatment with deep brain stimulation (DBS)
are also likely appropriate candidates for dance interventions. There is no reason to suspect
that those who have had DBS would respond very differently than those without DBS. In fact,
our most recent tango study has included individuals with DBS and we have noted no
differences in the responses of these individuals compared to those without DBS (Earhart lab,
unpublished data).

Intensity, Frequency, and Duration of Dance Intervention

Much remains to be studied about the ideal dosing of dance interventions for individuals with
PD. Most studies to date have involved twice weekly sessions of 60-90 minutes duration that
span a period of 6-12 weeks. One study, however, did examine the effects of a two week
intensive tango program for people with PD.*3 In this study participants danced five days per
week for two weeks, with each session lasting 90 minutes. Results showed a significant 3 point
improvement on the Berg Balance Scale and improvements of 0.1m/s in forward and backward
walking velocity, as well as a 35m increase in 6MWD. Note that these improvements are not
as large as those seen with a twice weekly, 10 week tango program, where average Berg
improvement was 4 points and average 6MWD improvement was 60m.37 During this 10-week
program, interim data were also collected at 5 weeks (Earhart lab, unpublished data). These
interim data suggested that participants had made some gains at 5 weeks, but had not yet reached
a plateau, as they continued to improve from 5-10 weeks. Given current evidence, a program
of 10 weeks duration seems reasonable. As for frequency and duration of individual dance
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sessions, data are limited to draw conclusions in this area. In our experience, sessions of 60
minutes duration appear to be challenging but manageable for participants, while sessions of
90 minutes appear to induce some fatigue and some participants may need to rest more often
during the latter portion of a 90 minute session. Frequency of individual sessions should likely
be at least twice weekly, but three times a week may be superior and would meet the CDC
guidelines which suggest that effective exercise programs should include at least 150 minutes
of moderate-intensity activity per week.4

Why Dance? Potential Mechanisms of Action

As there are no studies to date investigating the neural mechanisms by which dance may have
beneficial effects in individuals with PD, one can only speculate about the ways that dance
may be exerting its influence. One possibility is that the practice of dance may facilitate
activation of areas that normally show reduced activation in PD. For example, Brown et al.
45 showed that performance of tango movements to a metered and predicated beat was
associated with increased activation of the putamen. Sacco et al. 46 showed that healthy controls
who learned to dance tango showed a shift in cortical activation, with increased activity in the
premotor and supplementary motor areas during imagined walking following a series of tango
lessons. They propose that tango, which has walking as its basic step, may serve as a means
of focusing conscious attention on walking. This is interesting in light of the fact that people
with PD can clearly improve their walking performance when they use attentional mechanisms
and focus on walking quickly with large steps.#”+48 Perhaps tango serves as a means of focusing
conscious attention on walking and, with practice, the walking movements may become more
automatic resulting in enhanced performance that no longer requires conscious attention.

In addition to attentional cues, people with PD can utilize other forms of cueing to improve
movement performance. These cues may be auditory, visual, or somatosensory.4? Such cues
have been postulated to bypass the diseased basal ganglia and utilize alternate pathways.?%:
51 Dance may have several sources of built-in cues, such as those provided by the partner and
the music. The music may serve as an auditory cue to facilitate movement. Rhythmic auditory
stimulation is known to enhance walking performance in people with PD.52-55 Auditory cues
may bypass the basal ganglia and access the supplementary motor area via the thalamus %6 or
they may access premotor cortex via the cerebellum.>’

Another important aspect of dance may be the specific movements incorporated in the program.
There is a vast body of evidence that supports the concept of task-specific training, which states
that in order to improve a particular task one should practice that same task.%8:%9 Dance
incorporates practice of many functional movements that people with PD may struggle with,
including backward walking and turning. Tango in particular also includes pauses such that
movement initiation is practiced repeatedly throughout the dance. In addition, tango involves
specific steps that resemble strategies to address freezing of gait that are a common approach
used in rehabilitation settings, such as stepping over the foot of one's partner.? The foot may
serve as a visual cue to facilitate the stepping movement. Another important feature of dance
may be that it is, by nature, an activity that requires multitasking. People with PD are known
to have particularly difficulty walking while performing a secondary task 6176, but practice in
multitasking situations can improve performance.6:67 Dance provides a context for practice
of multitasking, as one must execute the steps while also navigating among others on the dance
floor, and attending to the music. In addition, the leader must be continually planning ahead
to execute the next step in the sequence, while the follower must wait for and interpret signals
from the leader regarding the next step.

Another aspect of dance that likely conveys benefit, particularly with respect to improved
endurance as reflected by increases in 6MWD, is the aerobic exercise dance can provide. Waltz
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has been shown to provide cardiovascular benefits equal to those of treadmill training.2’ The
cardiovascular effects of dancing tango have also been probed, and tango elevates heart rate
to approximately 70% of maximum which is in the appropriate range for aerobic training.58

A final aspect of dance that should not be overlooked is its social nature. This may be
particularly important with respect to the effects of dance on quality of life. Dance may enhance
social support networks, thereby contributing to improved QoL. The social nature of dance
may also be important for promoting long-term participation in those with PD, although this
remains to be established. Dance is an enjoyable activity that engages the elderly and is
associated with enhanced motivation to pursue exercise-related activities.?8:6% 70 Dance not
only expands older individuals' repertoire of physical activity, but may also foster further
community involvement, personal development, and self-expression.’! Dance has been touted
as a form of serious leisure that may support successful aging.’?

Future Directions

Summary

There is currently only a small body of literature regarding dance for PD and much additional
work is needed. All studies of dance for PD to date have used rather small sample sizes and
have only examined the short-term effects of dance programs. Future work should include
larger samples and assessment of the long-term effectiveness of dance for PD, and optimal
dosing of dance interventions with respect to frequency, duration, and intensity. These studies
should also include assessments of the effects of dance on other factors, such as mood and
cognition, that have yet to be explored. Additional work is also needed to determine what
mechanisms underlie the beneficial effects of dance. This could be approached through the use
of imaging techniques similar to those that have been employed to study tango in healthy young
individuals.*6+47 Another avenue of exploration would be an economic analysis of dance as
compared to other methods of therapeutic interventions, as dance may be less expensive to
deliver than some other modalities. Dance may also decrease the need for utilization of other
health care services, as suggested by a relatively large study of Korean dance for elderly
women.”2 Ultimately, these studies may help to determine more about the benefits that dance
may convey to those with PD and how best to structure a community-based dance program for
individuals with PD to maximize benefits and encourage long-term participation.

Dance appears to meet many, if not all, of the recommended components for exercise programs
designed for individuals with PD. The benefits of dance include improved balance and gait
function as well as improved quality of life. Most studies of dance for PD have included
primarily individuals with mild to moderate PD. While benefits can be obtained with a short,
intensive dance intervention, longer interventions may prove to be more effective. Much
remains to be studied in several areas, including the mechanisms by which dance conveys
benefit to those with PD and the long-term effectiveness of dance as therapy for this population.
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Figure 1.

Graph showing changes in performance on the Berg Balance Scale (A) and Six Minute Walk
(B) in individuals with PD who completed 20 twice weekly, one-hour sessions of tango, waltz/
foxtrot, Tai Chi, or no exercise (Control). Asterisks denote significant improvements from pre-
to post-intervention as determined using two-way repeated measures ANOVAs with group and
time as factors. All three interventions resulted in improved balance and walking performance,
with dance having larger effect sizes than Tai Chi. (Portions of these data have been presented
previously in a different form 36:37 however the statistical analysis presented here that
compares all four groups has not been reported elsewhere.)
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