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REVIEWS I

Parkinson disease

Long-term effects of exercise and
physical therapy in people with

Parkinson disease (PD) is the second most common
neurodegenerative disease globally, with a prevalence
0f 400-1,900 cases per 100,000 people worldwide"2. PD
results from the interplay of genetic and environmental
risk factors acting on an ageing brain®. Pharmacological
treatment is the mainstay of management®. However,
gait and balance impairments persist in patients with
PD despite optimal medication, and frequently lead
to falls resulting in potentially severe complications®.
The suboptimal pharmacological and surgical manage-
ment of PD prompted the Movement Disorder Society
Evidence-Based Medicine Panel to recommend exer-
cise and physical therapy as an efficacious adjunct to
levodopa’. In the past 20 years, numerous high-quality
clinical trials have investigated the role of exercise and
physical therapy in the treatment of patients with PD*°,
Meta-analyses of these data have demonstrated short-
term and, to a lesser extent, long-term benefits of exer-
cise interventions on various physical outcomes. In this
Review, we focus on the long-term effects of exercise
and physical therapy: that is, studies with a training
duration lasting at least 12 weeks or with a minimum
of 12 weeks of follow-up after treatment has ended.
We group these studies by the focus of the exercises:
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Abstract | Parkinson disease (PD) is a progressive, neurodegenerative movement disorder with
symptoms reflecting various impairments and functional limitations, such as postural instability,
gait disturbance, immobility and falls. In addition to pharmacological and surgical management
of PD, exercise and physical therapy interventions are also being actively researched. This Review
provides an overview of the effects of PD on physical activity —including muscle weakness,
reduced aerobic capacity, gait impairment, balance disorders and falls. Previously published
reviews have discussed only the short-term benefits of exercises and physical therapy for people
with PD. However, owing to the progressive nature of PD, the present Review focuses on the
long-term effects of such interventions. We also discuss exercise-induced neuroplasticity, present
data on the possible risks and adverse effects of exercise training, make recommendations for
clinical practice, and describe new treatment approaches. Evidence suggests that a minimum of
4 weeks of gait training or 8 weeks of balance training can have positive effects that persist for
3-12 months after treatment completion. Sustained strength training, aerobic training, tai chi or
dance therapy lasting at least 12 weeks can produce long-term beneficial effects. Further studies
are needed to verify disease-modifying effects of these interventions.

muscle strength, aerobic capacity, balance or gait. In
addition, we review the effects of complementary exer-
cises such as tai chi and dance therapy. We also assess
the evidence indicating whether exercise training can
induce neuroplasticity, and discuss the possible risks of
exercise training. Finally, we make recommendations
on the basis of the available evidence and highlight new
approaches to treatment.

Impairments and limitations in PD

Muscle weakness has been observed in various muscle
groups in patients with PD''"'. In particular, reduced
lower-limb strength has attracted the most research
owing to its association with postural instability’®, poor
physical function and walking performance''®", and
increased risk of falls'®". Muscle weakness and brady-
kinesia have been suggested to share some aspects of
their pathophysiology; for example, reduced cortical
output to muscles and impaired recruitment of motor
units can cause abnormal muscle activation patterns,
altered agonist burst frequency and intensity, and a
reduced torque generation rate, which can all result in
bradykinesia and muscle weakness***'. However, some
differences in the pathogenesis of these symptoms also
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Key points

* Most progressive strength and aerobic endurance training programmes have positive
effects that last for 12 weeks

* Extended progressive strength training improves muscle strength for up to 24 months
and aerobic endurance training increases walking capacity at 6-16 months

* Balance training improves balance, gait and mobility, and reduces falls for up to
12 months after completion of treatment

e Gait training improves gait performance and walking capacity for up to 6 months

after training

e Tai chi and dance improve balance and tai chi reduces fall frequency up to 6 months

after training

e A training period of at least 6 months is effective for achieving clinically meaningful
improvement in UPDRS-IIl scores

Walking economy

The steady-state aerobic
demand for a given
sub-maximal speed of walking,
as measured by VO, uptake.

Walking capacity

The distance a person is
capable of walking over a
period of time, typically
measured by 6-min walk
distance.

Hoehn and Yahr rating scale
A commonly used scale (from
stages 1to 5) for describing
how the symptoms of
Parkinson disease progress.

Double-support phase

A phase in the gait cycle when
the body weight is supported
by both legs.

Set-shifting

The ability to move back and
forth between tasks in
response to changing goals or
environmental experiences.

Limit of stability

A measurement of the
maximum centre of pressure
displacement with respect to
a person’s base of support.

Anticipatory postural
adjustments

The automatic feedforward
postural activities to
counteract the destabilizing
effects of voluntary
movements.

Reactive postural responses
The automatic postural
responses against external
perturbation with or without

a change in a person’s base

of support.

exists; for example, bradykinesia can occur because of
muscle co-contraction, excessive reciprocal inhibition
and altered agonist burst duration®.

Cardiopulmonary fitness, as quantified by maxi-
mal oxygen consumption (VO,max), was reported to
be 20-25% lower in patients with PD than in healthy
age-matched controls, as assessed by a treadmill-based
walking test”. By contrast, other studies have reported
near-normal fitness levels in patients with PD as meas-
ured by a cycle ergometer®**. The discrepancy in these
results might be due to the substantial heterogeneity in
testing methodologies and in the severity of PD among
participants. Severity of PD is likely to have a substantial
effect on cardiopulmonary fitness, as VO,max is reduced
in moderate to severe PD* but not in mild PD**.

Compromised physical fitness manifests in patients
with PD as a reduction in walking economy? (measured
using the rate of oxygen consumption (VO, uptake);
TABLE 1)and walking capacity®® (measured using the 6 min
walk test; TABLE 1). One contributor to reduced walk-
ing capacity is decreased physical fitness owing to lower
physical activity in individuals with PD than in healthy
controls®. Lord et al.?’ reported that people with PD
walked significantly fewer steps per day, and that this
suboptimal ambulatory pattern was established in an
early stage of PD (Hoehn and Yahr rating scale stage 1).
This physical inactivity can lead to reduced VO,max*.
Conversely, higher levels of activity in patients with
PD are associated with a greater ability to maintain
cardiopulmonary fitness and walking capacity?.

Gait impairments are very common and disabling
for individuals with PD. The abnormal walking pattern
observed in people with PD is characterized by short,
shuffling steps®. In addition, individuals with PD have
a slower gait speed and a longer double-support phase
than those of healthy controls®. Other gait deviations
resulting from PD include reduced rotation of the trunk
and pelvis®’, higher stride-to-stride variability®; and
turning that involves more, and smaller, steps®. These
hypokinetic, inflexible gait patterns might contribute to
tripping and falling®, and about 50% of all falls in people
with PD are estimated to occur during walking®.

The impairments in gait are exacerbated when
people with PD perform concurrent tasks while walk-
ing in daily life. Compared with the sole activity of

walking, undertaking an additional task while walk-
ing (such as talking or backward counting) results in
further reductions in gait speed and stride length and
increased stride-to-stride variability in individuals with
PD?7%, In addition, people with PD commonly experi-
ence freezing of gait (FOG), an episodic cessation
of walking with a subjective feeling of the feet being
glued to the ground®, most often during gait initiation,
turning, passing through narrow pathways or in dual-
task walking. A number of pathophysiological mech-
anisms are proposed to underlie FOG, such as loss of
automatic coupling between gait and posture, visuo-
perceptual impairment, response inhibition and/or
motor set-shifting®.

Postural instability or balance impairment can start
in Hoehn and Yahr stages 1.5-2.0 (REF. 41) and gradually
worsen as the disease progresses. PD-specific balance
impairment is manifested as abnormal postural sway
in stance**, gait instability*, slow turns®, reduced
trunk rotation®®, reduced limit of stability*®, abnormal
anticipatory postural adjustments*” and poor reactive
postural responses*®. A decreased limit of stability is quan-
tified by a reduction in ability to maintain an inclined
posture in reaching tasks®. The reduced velocity and
decreased amplitude of anticipatory postural adjust-
ments in individuals with PD affects postural stability
during gait initiation, reaching, and transitioning from
sitting to standing®**'. Furthermore, abnormal reactive
postural responses, including reduced compensatory
stepping reactions in multiple directions, increase the
risk of falling upon perturbation®>*.

Fall incidence in PD is a function of the inverted-U
relationship between disease severity and activity™,
which reaches a maximum near Hoehn and Yahr
stage 3 and decreases in later disease stages, probably
owing to immobility and an increasingly sedentary life-
style®. A number of prospective studies with 3 months
to 12 months of follow-up have found high overall fall
rates (35-70%) and high recurrent fall rates (25-50%) in
people with PD****_ Alarmingly, 52% of patients sus-
tain their first fall within the 3 years after diagnosis of
PD®. Two or more falls in the previous year is the strong-
est, non-modifiable predictor of falls in PD**’. Other
non-modifiable risk factors for falls include high disease
severity, long disease duration and high levodopa dos-
ages'>*>*61 The major modifiable risk factors for falls are
low limit of stability, poor knee and ankle strength, poor
anticipatory postural adjustments and reactive postural
responses, gait disturbances, deficits in dual-tasking and
FOG**$%, Low gait speed and short one-leg-stance time
were found to be significant predictors of the first fall®.
In a study that had a 20-year follow-up period, falls
occurred in 87% of people with PD, with 35% of these
individuals sustaining a fracture®. Other negative con-
sequences include fear of falling®, immobility, decon-
ditioning, increased institutionalization risk®” and high
mortality®. Clearly, postural instability and falls in PD
result in considerable health-care and economic bur-
dens®, and thus require exercise interventions targeted
at ameliorating these impairments, preferably early in
the PD disease course®®.
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Supervised programme
Any training that was
supervised by either a physical
therapist or exercise trainer in
a one-to-one or small-group
basis.

Progressive resistance
training.

A style of strength training
exercise that involves the
steady utilization of resistance
via a loading source.

Physical therapy and exercise

Systematic reviews and clinical guidelines define physi-
cal therapy for patients with PD as interventions that are
focused on the enhancement of muscle strength, aerobic
capacity, balance, gait and functional mobility by means
of cueing, cognitive movement strategies and physical
exercises'®’%’! In this Review, we also use this defini-
tion of physical therapy management, and complemen-
tary exercises, such as tai chi and dance, are considered
separately.

A review by Tomlinson et al.'® evaluated the results
of randomized controlled trials (RCTs) that assessed
the short-term benefits of physical therapy on balance
and gait performance. However, the investigators could
not determine which physical therapy approach is the
most effective, as comparisons of the protocols found
no evidence that the treatment effects differed across the
interventions”. Most clinical trials and review articles
to date have considered only the short-term benefits of
physical therapy and exercise interventions'®”"”. Owing
to the progressive nature of PD, understanding the long-
term benefits of these therapies is important; these are,
therefore, the main focus of the present Review.

We define the long-term effects of exercise and physi-
cal therapy to be those lasting at least 12 weeks. Hence, in
this Review, we have included RCTs with an intervention
period of at least 12 weeks or with a follow-up period
of at least 12 weeks; in total, 46 RCTs were included, 25 of
which have an active exercise control group. The key
outcomes of these studies are summarised in TABLES 2-4,
and details of the treatment protocols and an overview
of measurement tools are presented in Supplementary
information S1 (table) and TABLE 1.

Multimodal physical therapy interventions. Only a few
studies have reported the long-term effects of multi-
modal physical therapy (BOX 1). In one 6-week supervised
programme, overseen by physiotherapists, multimodal
physical therapy improved the gait speed and Unified
PD Rating Scale Activities of Daily Living subscale
(UPDRS-II) scores and UPDRS total scores of patients
with PD. The effects lasted for 3 months™. In another
study, supervised physical therapy comprising either
balance and mobility training or aerobic exercise was
given to groups of patients with mild PD three times per
week for 4 months, followed by one session per month
for 12 months™. After the first 4 months, improvements
were observed in UPDRS-II and UPDRS Motor subscale
(UPDRS-III) scores in the balance and mobility train-
ing group, and in the walking economy of the aerobic
group, compared with an active control group; however,
only the improvements in walking economy were main-
tained at 16 months. Frazzitta et al.” delivered a 4-week
intensive intervention focused on physical therapy, fol-
lowed by another 4-week period of training in the 13th
month, to patients who were newly diagnosed with PD.
At the end of the second year, the training had improved
the UPDRS-II and UPDRS-III scores in these individ-
uals and enabled the levodopa-equivalent dose to be
reduced, suggesting a possible neuroprotective effect. In
summary, multimodal supervised physical therapy has
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long-term beneficial effects on PD motor signs, activi-
ties of daily living, and PD disease severity. The efficacy
of each physical therapy component is unclear, and is
discussed in the following sections.

Progressive resistance training. A few meta-analyses
support the use of progressive resistance training (PRT;
BOX 1) in PD rehabilitation owing to its moderate short-
term benefits”*”%; however, the long-term benefits of this
intervention are unclear. Ten RCTs will be discussed in
this Review. In most of these, machines were used for
concentric resistance training®’*-* or an ergometer
was used for eccentric resistance training®*¥’. Exercise
dosages for the participants were progressed using the
concept of repetitive maximum (that is, 40-80% of
the amount of force that can be generated in one maxi-
mal muscle contraction)®”-#%3, ratings of perceived
exertion®*, or the number of repetitions to fatigue®>*.
Most of the studies investigated the treatment effects
after 12 weeks of training®*7*508288087 ‘except for two
studies that lasted for 24 months®"®'. No study examined
carry-over effects after treatment ended.

PRT significantly increased muscle strength®*81-5
as well as muscle power®** in the participants. Two
studies evaluated off-medication muscle strength®*”:
Dibble et al.* reported no significant increase in muscle
strength after 3 months of PRT, but Corcos et al.*' found
increased peak torque after 12 months and 24 months
of PRT. A training period longer than 3 months might,
therefore, be required to improve off-medication muscle
strength. 12 weeks of PRT enhanced physical capacity
in individuals with PD, as assessed by the 6-min walk
test®™ and the 2-min step test® immediately after train-
ing. However, Prodoehl ef al.”' demonstrated significant
gains in 6-min walk test performance after 6 months but
not after 24 months of PRT. Additional task-specific train-
ing aimed at improving cardiopulmonary fitness might be
required to produce a lasting effect on walking endurance.

PRT increased gait speed in patients with PD in
two trials®>* but another study found no such effect®.
Additionally, PRT led to modestly improved perfor-
mance in the Timed Up and Go (TUG) test, a timed
test involving a standing, walking and turning task®.
One study reported that PRT improved balance perfor-
mance (as measured by Berg Balance Scale (BBS) score,
Mini Balance Evaluation Systems Test (miniBEST)
score and functional reach distance)®. PRT and balance
training were found to yield comparable gains in gait
speed”**>and TUG performance®*’. Muscle weakness
contributes to postural instability; therefore, increased
muscle strength could improve some aspects of pos-
tural stability and gait performance in individuals with
PD. Two of seven studies found that PRT produced a
significant improvement in UPDRS-III scores dur-
ing on-medication® and off-medication states®'. Two
studies measured quality of life (QoL) using the 39-Item
Parkinson Disease Questionnaire (PDQ-39) and both
reported a significant improvement after PRT*.

In summary, the positive effects of PRT on mus-
cle strength, balance, functional mobility, and QoL
lasted for 12 weeks. One 24-month study of PRT also

NATURE REVIEWS | NEUROLOGY

ADVANCE ONLINE PUBLICATION | 3

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



http://www.nature.com/nrmicro/journal/vaop/ncurrent/full/nrmicro.2017.128.html#supplementary-information
http://www.nature.com/nrmicro/journal/vaop/ncurrent/full/nrmicro.2017.128.html#supplementary-information

REVIEWS

Table 1 | Overview of measurement tools

Scale or test

Disease severity

Unified Parkinson
Disease Rating
Scale (UPDRS)

Aerobic capacity

6-min walk test

2-min step test

VO, max

VO, uptake or
walking economy

Stress test duration

Variable assessed

Composite score for

disease severity

Walking capacity,

walking endurance

Physical capacity

Cardiopulmonary
fitness

Cardiopulmonary
fitness

Cardiopulmonary
fitness

Balance performance

Balance Evaluation  Balance

Systems Test performance

(BESTest)

miniBESTest Balance
performance

Berg Balance Scale  Balance
performance

Functional reach

Five times sit to
stand

Gait performance

10 mwalk test

Freezing of gait
questionnaire

Functional mobility

Timed up and go
test (TUG)

Short physical
performance
battery

Limit of stability

Balance and leg
strength

* Walking speed
(m/s)

e Stride length

e Cadence
(steps/min)

Freezing of gait
severity

Functional mobility,

walking ability

Lower extremity
function

Description

UPDRS scale has 4 subscales:

e Part | on mentation, behaviour and mood (4 questions, 0-16 points)

e Part Il on activities of daily living (13 questions, 052 points)

e Part Il on motor examination (14 items, 0-108 points)

e Part IV on motor and other complications of advanced disease (11 items, 0-23 points)
Higher scores indicate worse performance

Participants are instructed to cover as much distance as possible in 6 min

Participants are instructed to march on the spot for 2 min. Total number of times of
right knee reaches the required height in 2min

The test involves walking on a treadmill initially at self-selected speed and 0% gradient.

The speed and gradient are increased according to a test protocol until participants
reach voluntary exhaustion. Peak oxygen consumption (VO,max) is determined based
on the 20s averages obtained during the final stage of the test

The test involves walking on a treadmill for 5min at 4 speeds (slow to fastest tolerated
speed). Oxygen consumption (VO, uptake) is measured during the last 2 min of each
speed using an automated indirect calorimeter system

The stress test involves walking on a treadmill with speed and inclination increased
every 3 min; stress test duration is the maximum duration tolerated by the participant
in the test

* 36-item test is scored under 6 subsections (biomechanical constraints; stability
limits and verticality; anticipatory postural adjustments; postural responses; sensory
orientation; stability in gait)

* 3-point ordinal scale (0=lowest level, 2 = perfect); total score: 0-108

¢ Higher scores indicate better balance

* 14-item test— short version of BESTest (sit to stand, standing on toes, on inclined
surface, on foam, timed up and go test, postural reaction, quality of gait when
changing speed, avoiding obstacles and pivot turn)

* 3-point ordinal scale (0=lowest level, 2 = perfect); total score: 0-28

 Higher scores indicate better balance

 14-item scale (stand with eye closed; stand with feet together; reaching forward;
tandem stand; pick up object from ground; obstacles; alternate stepping; single leg
stance; 360° turn)

 5-point ordinal scale (0=unable, 4 =perfect); total score: 0-56

 Higher scores indicate better balance

 Reach forward while maintaining a fixed base of support in standing
* Record the maximum forward reach distance

Time taken to perform sit-to-stand 5 times as quickly as possible

Time taken to walk 10 m at a self-selected and fast walking pace

* 6 self-report questions on gait quality and freezing episodes
* 5-Point ordinal scale; total scores: 0-24
 Higher scores indicate more severe freezing of gait

Timed taken to get up from a chair, walk for 3m, turn and sit down on to a chair

 Consists of three parts: The balance test, the gait speed test, fast walking velocity
over 4m; and the chair stand test (5 times sit-to-stand test)

e Total scores: 0-12

¢ Higher scores indicate better performance

Ref.

73-75,80-88,90,
93-96,102,
113,117,
119-121,
123-125

87,94,95,105,
106,117,120,
121

80

82

74

97

112

85,111,120,124

85,95,113,
116,117,121,
123,125

85,90,109,
118

18,95,110

64,73,79,80,82,
85-87,90-94,96,
100,102,104-106,
112,117,118,120

18,120,125

83-86,95,113,
117,124

110
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Table 1 (cont.) | Overview of measurement tools

Scale or test

Variable assessed

Functional mobility (cont.)

Modified physical
performance test

Continuous scale—
physical functional
performance

Balance confidence

Activities balance
confidence scale

Fall efficacy scale
—international

Quality of life

Parkinson disease
questionnaire

Physical function

Functional mobility

Self-perceived
balance abilities and
fear of fall

Self-perceived
balance abilities and
fear of fall

PD-related quality
of life

Description

e 7 functional items (lifting a book, putting on and removing a coat, picking up a penny
from the floor, performing a 360° turn, walking 50ft, climbing a flight of stairs, and
climbing 4 flights of stairs) with a chair rise and the Romberg test for balance

* Score for each task 0—4; total scores: 0-36

e Higher scores indicate better performance

* 16 functional items (reaching, picking up object, sweeping the floor, vacuuming,
making a bed, unloading groceries, climbing three steps onto a platform while
carrying luggage, and getting up and down from the floor, endurance walk, stair
climb)

* Tasks are scored using an algorithm that takes into account the time taken to
complete the task and sometimes distance achieved

e Higher scores indicate better performance

* Self-report questionnaire on balance confidence on 16 indoor and outdoor
ambulatory activities

* 11-point ordinal scale (0% =no confidence to 100% = complete confidence); total
score: 0-100%

* Higher scores indicate less fear of fall

* Self-report questionnaire to measure the level of concern about falling during social
and physical activities (16 items) inside and outside the home

* 4-point Likert scale (1=not at all concerned to 4 =very concerned); total score: 16-64

e Higher scores indicate greater fear of fall

e Self-report questionnaire
* 39 questions on 8 discrete dimensions: mobility, activities of daily living, emotional

Ref.

81

74

79,92,112

110

82,85-88,94,96,
100,122,124,125

(PDQ-39)

Parkinson disease
questionnaire
(PDQ-8)

PD-related quality
of life

Aerobic endurance training
An exercise training method to
improve cardiopulmonary
fitness.

Nordic walking

A total body version of walking
activity using specially
designed walking poles (similar
to ski poles).

well-being, stigma, social support, cognition, communication, bodily discomfort
* 5-point ordinal scale (never, occasionally, sometimes, often or always); total score:

0-100%
e Higher scores indicate greater disability

each of the 8 dimensions
* Higher scores indicate greater disability

reported an improvement in off-medication UPDRS-
IIT scores, suggesting that this type of training has
disease-modifying effects®.

Aerobic endurance training. Eight RCTs that investi-
gated the effects of aerobic endurance training (AET;
BOX 1) on patients with PD are discussed here. The
AET was restricted to a training intensity of 60-75%
of maximum heart rate or 40-50% of heart rate
reserve®. AET was provided using an elliptical trainer
device™, treadmill®*$>*, Nordic walking®>*, or walking
with music”. The training lasted for 12 weeks®*#9597
or 24 weeks®**. Schenkman et al.”* added a monthly
training session after 4 months that continued up to
16 months.

AET was superior to general exercise or usual care
for enhancing cardiopulmonary fitness in terms of
VO,max®, walking economy’ and stress test dura-
tion”” as well as physical capacity as measured by the
6-min walk test®>***> and 2-min step test®™. In all of
these studies, the participants were trained at moder-
ate intensity for at least 40 min per session. By contrast,
high intensity training for a shorter duration (30 min
per session) did not yield improvement in 6-min walk
test performance®.

* A short form of PDQ-39 which contains 8 of the original 39 items of the PDQ-39 from

118

Several studies that involved aerobic walking demon-
strated improved gait performance in participants in
terms of walking speed®**®, stride length®**** gait sta-
bility (as shown by a reduction in gait variability)***® and
shortened double-support time***. However, evidence
that AET improves balance and functional mobility is
limited. Most studies did not report significant improve-
ments in balance’*%, with one exception®. TUG per-
formance improved in one trial®® but not in another
study®®. UPDRS-III scores improved after Nordic walk-
ing®*, but other studies found no significant changes
after other types of AET*>*>*, No study demonstrated
significant improvement in QoL after AET***. Only
one study examined the carry-over effects of AET but
the improved cardiopulmonary fitness failed to be
maintained for 4 weeks post-treatment®”.

To summarise, most of the studies showed that
AET improved cardiopulmonary fitness and/or phys-
ical capacity for 12 weeks”8082949597 and one study
reported improvement for 24 weeks*. One of the studies
reported that monthly training following 4 months of
treatment sustained the improved walking economy
at 16 months™. However, no studies show long-term
carry-over effects of aerobic training on UPDRS score
or cardiopulmonary fitness.
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Cued training. Cueing (BOX 1) has been extensively
researched as a training method in PD rehabilitation.
Morris et al.”® were the first to report that visual cues,
such as floor markers, normalized the gait performance
of individuals with PD. Many studies have reported
immediate, positive effects resulting from the use of
auditory and/or visual cues in patients with PD; however,
the long-term benefits are unclear®.

Here, we discuss four PD rehabilitation studies that
used external cues, such as visual cues (in the form of
lines or markers on the ground or on a treadmill'®),
rhythmic auditory cues (in the form of metronome
beats'”! or music at a pre-set frequency'®) or somato-
sensory cues’. Patients were trained to perform func-
tional tasks — such as walking, turning, and transferring
from sitting to standing — in the presence of these

Table 2 | Long-term effects of multi-modal physical therapy, progressive resistance training and aerobic training

Studies

Multimodal physical therapy

Ellis et al. (2005)"3

Frazzitta et al.
(2015)7

Schenkman et al.
(2012)"*

Progressive resistance training

Carvalho et al.
(2015)%

Corcosetal.
(2013)%, Prodehl
etal.(2014)

Dibble et al.
(2009)%

Dibble et al.
(2015)%"

Nietal (2016)%%

Paul et al. (2014)%*

Shulman et al.
(2013)%2

Silva Batista et al.
(2016)

Aerobic training

Bridgewater &
Sharp (1996)*’

Carvalho et al.
(2015)%

Cugusietal.
(2015)*

Nadeau et al.
(2013)**

Reuter et al.

(2011)%

Shulman et al.
(2013)2

UPDRS, Unified Parkinson Disease Rating Scale; VO

Training Outcomes (% change from baseline value with between-group difference)
eriod
:}ollow—up Disease severity  Muscle strength Aerobic capacity Balance Gait
duration), performance performance
weeks and falls and mobility
6(13) UPDRS-II -14%; NA NS NA Speed 11%*
UPDRS-total -12%
8(104) UPDRS-I1-29%; NA NA NA NS
UPDRS-IIl -47%*
70 (0) UPDRS-II: NA VO2 uptake: aerobic NS CS-PFP: FBF 9%
FBF-21% exercise 30%
12 (0) NS NA 2-minstep test 31% NS NS
104 (0) UPDRS-III (off Elbow (off medication) NS NS NS
medication)-21%*  19%; elbow (on
medication) 12%
12 (0) NS NS NA NA Speed 12%*;
TUG-17%
12 (0) NS NA 6MWT 5% NA NS
12 (0) UPDRS-III Leg press 14-37% NA BBS 9%*; miniBEST ~ Speed 12%*;
-32.5%" 19%; functional TUG-12%
reach distance 16%
12 (0) NS Shoulder and elbow 8%; NA NS NS
hip and knee 23-30%
12 (0) NS Leg press 16%; leg NS NA NS
extension 16%
12(0) NS Leg press 38% NA NA TUG-20%
12 (4) NA NA NS NA NS
12 (0) NS NA 2-min step test 37% NS NS
12(0) UPDRS-IIl-6.5%F NS 6MWT 20% BBS 15%* TUG -7%; FTSTS
23%*
24(0) NS NA 6MWT 10% NA Double support
time -33%; stride
length 14%
24(0) UPDRS-III-28%%  NA NA NS speed 25%
UPDS-total -20%
12 (0) NS NS VO:2max: highintensity ~ NA NS

8.1%; low intensity 6.7%

6MWT, 6-min walk test; BBS, Berg Balance Scale; CS-PFP, Continuous Scale-Physical Functional Performance; FBF, Flexibility, balance and functional training; FTSTS,
Five times sit-to-stand; max, maximum; miniBEST, mini Balance Evaluation Systems’ Test; NA, data not available; NS, nonsignificant effect; TUG, timed up-and-go;

2 max

, maximum oxygen uptake. *Changes exceeding respective minimal detectable changes (MDC,;): BBS 5 points;

FTSTS time 1.7 s; speed 0.09 m/s *Changes exceeding respective moderate clinical important difference: UPDRS-III 5.2 points; UPDRS-total 9.1 points.
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Table 3 | Long-term effects of cued exercise, gait training and balance training

Studies Training Outcomes (% change from baseline value with between-group difference)
eriod
?foliow-up Disease severity Aerobic Balance Gait performance
duration), capacity performance and mobility
e~ and falls
Cued exercise
de Bruinetal. 13(0) UPDRS-IIl -22%* NA NA Speed 2%; dual-task
(2010) 12 speed 6%
Martin et al. 24(52) NA NA NS NS
(2015)
Morris et al. 2(13) NS NS NS Speed 11%*
(2009)100
Sage & Almeida 12 (0) UPDRS-III: NA NA Step length: aerobic
(2009)* SAFEx -25%* exercise 8%
Gait training
Cardaetal. 4(26) NS 6MWT: robotic  NA  Speed: robotic 10%;
(2012)'00 13%; treadmill treadmill 12%
18% * TUG: robotic -14%;
treadmill -13%
Miyai et al. 4(22) NS NS NA Step length 10%
(2002)°*
Picelli et al. 4(13) UPDRS-III: 6MWT: robotic  BBS: robotic 9%;  Speed: robotic 25%*;
(2013)1 robotic—17%* 23%; treadmill  treadmill 8%; treadmill 16%*
24% e Stride length: robotic
15%; treadmill 10%
* Double-leg stance:
robotic 21%;
treadmill 23%
Balance training
Allen et al. 26 (0) NA NA NS FOGQ-19%; FTSTS
(2010)® time -20%*
Ashburn et al. 6(18) NA NA Functional reach NS
(2007)1° distance 2.6%
Canningetal. 26 (0) NA NA Fall rate —-69% SPPB 1.7%; FTSTS
(2015)10 (stand/s) 9%
Morris et al. 8(52) * UPDRS-II: NS Fall rate: movement NS
(2015)% movement strategy strategy training
training -21%; -61.5%; PRT-85%
PRT-21%
* UPDRS-III:
movement strategy
training -16%
Palamara et al. 4(26) NS NA NS NS
(2017)1
Schlenstedt 7(13) NS NA NS NS
etal.(2015)%
Shen & Mak 12(52) NA NA Latency of postural  Stride length 11.6%
(2014)%, response —6.4%;
(2015)" SLS test 27%;
fallrate -81%
Sparrow et al. 12 (0) NA NA MiniBEST 10%; NA
(2016)1* fallrate -37%
Wong-Yu & Mak  8(52) NA NA BEST 11%* Speed 6%; dual-task

(2015)"

TUG-10%

6MWT, 6-min walk test; BBS, Berg Balance Scale; BEST, Balance Evaluation Systems’ Test; FOGQ, Freezing of Gait Questionnaire;
FTSTS, Five times sit-to-stand; miniBEST, mini Balance Evaluation Systems’ Test; NA, data not available; NS, nonsignificant effect;

PRT, progressive resistance training; SAFEx, Sensory Attention Focused Exercise; SLS, Single-leg stance; SPPB, Short Physical
Performance Battery; TUG, timed up-and-go; UPDRS, Unified Parkinson Disease Rating Scale. *Changes exceeding respective
minimal detectable changes (MDC,,): BEST total score 6.5%; FTSTS time 1.7 s; speed 0.09 m/s *Changes exceeding respective
moderate clinical important difference: UPDRS-III 5.2 points.
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Table 4 | Major findings of

the long-term effects of complementary exercise

Studies Training Outcomes (% change from baseline value with between-group difference)
g;ﬁgev_ Disease severity Muscle Aerobic  Balance performance and falls Gait performance
up), weeks strength  capacity and mobility
Tai chi
Amano etal. 16 (0) NS NA NA NS NS
(2013)1°
Choietal.(2013)** 12(0) UPDRS-I1-26% NA NS NS NS
Gaoetal.(2014)16 12 (26) NS NA NA BBS 9%; fall rate -53% NA
Hackney & Earhart 13(0) UPDRS-II -6% NA 6MWT BBS 7% Speed 25%; stride
(2008)1"7 10% length 18%; TUG -10%
Lietal (2012)%, 26(13) UPDRS-III: tai chi Knee: tai NA * Max. excursion: tai chi 13% Speed: tai chi 7%;
(2014)18 -36%* chi12-21% * Functionalreach distance: taichi 17% stride length: tai chi 9%
¢ Fall rate: tai chi -69%; PRT -60%
Dance
Duncanetal. 52 (0) MDS-UPDRS Il (off ~ NA 6MWT MiniBEST 16% Speed 7%; dual-task
(2012)12° medication) -29% 2% speed 13%; FOGQ-10%
Hackney et al. 13(0) NS NA NA BBS 8% NS
(2007)'%
Hackney & Earhart 13(0) NS NA 6MWT BBS 8% NS
(2009)!2t122 12%
Romenets et al. 12 (0) NS NA NA MiniBEST 2% TUG-18%
(20115) =
Volpe etal. (2013)'*  24(0) UPDRS-IIl -29%* NA NA BBS 28% FOGQ -57%

6MWT, 6-min walk test; BBS, Berg Balance Scale; FOGQ, Freezing of Gait Questionnaire; max, maximum; MDS-UPDRS, Movement Disorder Society-sponsored
revision of the Unified Parkinson Disease Rating Scale; miniBEST, mini Balance Evaluation Systems’ Test; NA, data not available; NS, nonsignificant effect; PRT,
progressive resistance training; TUG, timed up-and-go; UPDRS, Unified Parkinson Disease Rating Scale. *Changes exceeding respective moderate clinical

important difference: UPDRS-I

11'5.2 points.

external cues. Two of the four studies had 2-24 weeks
of training and follow-ups at 3-6 months'*'"", and the
other two had a training period of 12-13 weeks*'* but
no follow-up. Cued training yielded greater improve-
ments in gait speed, UPDRS-II scores and UPDRS-
111 scores of participants than did general exercise or
non-cued training®'°*!%2, Other studies reported that
visually cued treadmill training'® and auditory-cued
walking training' reduced FOG severity as measured
by FOG questionnaire. An extended 24-week interven-
tion period yielded no significant improvements after
training, probably owing to inadequate supervision of
the home-based training'".

One study reported that the improved gait speed'”
was sustained for 3 months post-training whereas
another study found no carry-over effect'’’. In healthy
individuals, the basal ganglia are thought to generate
internal cues to enhance movement initiation and
execution. By contrast, research has suggested that
individuals with PD use external cues as a compen-
satory strategy to facilitate movement by bypassing
the defective basal ganglia circuit and instead rely
on frontal cortical and cerebellar mechanisms®. The
long-term carry-over effects from cued training might,
therefore, be inconsistent, owing to the possibility that
participants with PD could have relied on external
cues to enhance their movement initiation and/or
continuation.

Gait training. Here we review three studies in which gait
training (BOX 1) was provided with a treadmill'**'%, with
a treadmill and partial body-weight support'™, and/or
with a robotic gait trainer and partial body-weight sup-
port!®>1%. The belt speed of the treadmill or robotic
gait trainer was progressively increased in all studies.
All interventions lasted for 4 weeks and patients were
followed up for 3-6 months'*-1%.

Most of the studies demonstrated that the intervention
improved gait performance in terms of speed'*>'%, stride
or step length!®*'% and ratio of single to double leg stance
time'®, and increased walking capacity as measured by the
6-min walk test'®'%. Robotic and treadmill training had
comparable benefits in the improvement of gait speed'®,
stride length'®, and 6-min walk test performance'*>'%.
Only one study'” reported an improvement in UPDRS-
III score; the others reported no such improvement!*+1%,
Furthermore, no positive effect on QoL was found'®.

Encouragingly; all the improvements were maintained
during follow-up'*>'%, with the exception of the gain in
gait speed reported in one study'*. The participants with
PD in this study had more-advanced disease (Hoehn and
Yahr stage 2.9 versus 2.2), which might have reduced the
retention of abilities from their learnt tasks. Robotic
training and treadmill training produced a comparable
maintenance of all gains during follow-up'*>!%. The
effectiveness of these therapies could be attributed to
the many repetitions of the rhythmic gait cycle provided
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by the robotic gait trainer and treadmill and to the step-
wise increase in walking speed. These findings corrobo-
rate the results of a 2010 Cochrane review, which found
that treadmill training has probable short-term beneficial
effects on gait hypokinesia'”. Furthermore, the findings
of these three studies support the existence of 3-6 months

Box 1| Physical therapy and exercise interventions

Multimodal intervention
The use of three or more combined exercise modalities — including flexibility, strength,
balance, coordination and/or aerobic training— to improve physical and motor fitness.

Progressive resistive training

Training that loads sufficient resistance on the targeted muscle(s) in a progressive
manner. Most studies prescribe resistance using the concept of repetitive maximum
and progress from 40-70% of one repetitive maximum. Examples include:

* Machine or ergometer for concentric or eccentric training
e Exercise with weighted vest

e Functional training

Aerobic endurance training

Training that involves the use of large muscle groups and a training intensity of 60-75%
maximum heart rate or 40-50% heart rate reserve. Examples include:

e Elliptical trainer device training

e Stationary bicycle training

* Walking training with treadmill

* Walking with music

* Nordic walking

Balance training

Exercises prescribed to challenge various PD-specific components of impaired balance
including stability limits, anticipatory postural adjustment, reactive postural response

and dynamic stability during gait and movements. Training involves balance and
mobility training with or without progressive strength training. Examples include:

 Technology-assisted training
* Motor—cognitive training

e Exercise training

* Aquatic therapy

* Movement strategy training
¢ Fall prevention programme
Gait training

Exercises prescribed to improve gait parameters such as velocity and/or stride length.
Examples include:

* Treadmill training with or without body-weight support

* Robotic trainer with or without body-weight support

® Overground training

Cueing strategies

External cues are provided to facilitate movement initiation and/or continuation.

Patients are instructed to pay attention to the cues and to step on the line or markers,
or to step in time with an auditory or somatosensory cue. Examples include:

e Visual cues — lines or markers on the ground and treadmill

¢ Rhythmic auditory cues — metronome beats or music at a preset frequency

* Somatosensory cues — tactile sensation given to a body part

Tai chi

A martial art with repetitive body weight shifting from one foot to the other, stepping
and turning in different directions.

Dance
Sequenced movements performed to music.

PD, Parkinson disease.
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of positive carry-over effects in gait performance. More
studies are needed to confirm the long-term effects of gait
training on UPDRS-III scores and QoL.

Balance training. A previous meta-analysis suggested
that, overall, exercise has beneficial effects on balance,
gait speed, motor function and QoL that are retained
for 2-6 months after completion of the intervention
in people with PD'%. A subsequent review reported
similar positive long-term effects after balance and gait
training, as well as a 26-85% reduction in fall rates at
1-12 months of follow-up’.

Here we review ten RCTs of multicomponent bal-
ance training (BOX 1)'879888%92109-113 "The balance train-
ing included balance, mobility and/or PRT training,
which was provided with a computerized dancing
system and Balance Master’*?, weighted vest resistive
exercises'''’, movement strategy training®, anticipatory
and reactive balance activities®'>!!!, blended indoor
and outdoor exercises''” or aquatic therapy'”. In some
of the studies, cueing strategies'®**!°, attentional strat-
egies®, motor-cognitive training'*?, and fall prevention
education'®#¥11% were also provided. In seven studies,
the training lasted for 4-12 weeks and follow-up lasted
for 3-12 months”*888992109112153 Three of the studies
investigated the effects of the training immediately after
12 weeks or 26 weeks of treatment'®!!0!,

Balance training lasting 4-12 weeks significantly
improved balance (as measured by miniBEST scores'!
and BEST scores''?, latency of postural response”,
single-leg-stance performance” and functional reach dis-
tance'"), gait velocity'"?, stride length”, dual-task TUG
performance'? and balance confidence®. Interestingly,
land-based therapy plus aquatic therapy was as effective
as land-based rehabilitation alone in the improvement
of BBS scores for people with moderate PD'. 26 weeks of
minimally supervised, home-based balance training, was
found to improve sit-to-stand time'*'°, balance confi-
dence and QoL!"’. Alleviation of FOG was observed in
some of these studies'® but not others'"’. Encouragingly,
after a minimum 8 weeks of training, improvements in
balance, gait, functional mobility and balance confidence
persisted for up to 12 months after treatment comple-
tion”>°>!2, Two studies examined UPDRS-III scores®®,
one of which reported an improvement in this score
during 12 months of follow-up®.

Significant reductions in fall rates were reported
immediately after training completion (-37%)'", at
3 months of follow-up (-81%)” and at 12 months of
follow-up (-62%)*. The long-term reduction in fall rates
could be attributed to the enhanced balance and gait
performance”!", improved balance confidence® and
alleviation of motor symptoms®. Morris et al.*® found
a reduced fall rate of 85% in their PRT group, which
was probably due to the functional nature of their PRT
(that is, sit-to-stand, step-ups and heel raises) and the
inclusion of fall education. Canning et al.''® reported
that the fall rate was reduced (by 69%) only in parti-
cipants with mild PD, suggesting that a minimally super-
vised fall prevention programme could be beneficial in
this subgroup.
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Minimal detectable change
A statistical estimate of the
smallest amount of change
that can be detected by a
measure that corresponds to
a noticeable change in ability.

To summarize, a minimum of 8 weeks of supervised
balance training improves balance and gait performance
and reduces fall rates; these effects can be maintained
for up to 12 months after treatment ends. The effects
of balance training on UPDRS-III scores and QoL are
currently unclear.

Complementary exercises

Tai chi. The martial art most commonly performed by
individuals with PD is tai chi®® (80X 1). A 2014 meta-
analysis reported positive effects of tai chi on UPDRS
scores, balance, gait and mobility, but long-term benefits
have not yet been found'*.

We found six RCTs in which the participants
practised Yang-style tai chi'*'"” or a self-integrated
style®®!'®119 in groups for 12-24 weeks. Two of the studies
had 3 months of follow-up®''® and one had 6 months of
follow-up''®. Tai chi practice by individuals with PD gen-
erated beneficial effects on BBS scores!'*!'", functional
reach distance and maximum excursion of whole body
centre-of-mass®. Improvements were also observed
in gait velocity and stride length®>'"’, TUG perfor-
mance®'”, and UPDRS-III score®"'”", Tai chi involves
rhythmic weight shifting, controlled movement to sta-
bility limits, stepping, and turning: all of these aspects
could have contributed to the improvements observed in
the participants. The tai chi training led to reduced fall
rates during the follow-up periods''. A longer train-
ing programme, lasting 24 weeks, also resulted in main-
tenance of the gains in balance, gait, and UPDRS-III
scores'®. In a subsequent study, Li et al."'® found that tai
chi participants had improved QoL that was associated
with greater exercise compliance.

Dance. The use of dance (BOX 1) in therapy for patients
with PD has also been actively researched. Six RCTs
of dance therapy in groups are included here, in
which tango was the most common dance style'?0-'%,
but one study also examined the effects of Irish dan-
cing'®. In most of the studies the training lasted for
12-13 weeks'?"'*, but two studies included considerably
longer training that lasted 6-12 months'*'%*. Compared
with no training or waltz dancing, tango dancing is more
effective in improving BBS scores'?"'* and 6-min walk
test performance'?!. Tango dancing led to improved QoL
in one trial'? but not in another'*. A longer training
period of 6-12 months reduced FOG'*'* and improved
UPDRS-III scores'?*'?, Rhythmic music could serve as
an external cue to facilitate movement initiation and/or
continuation, and the repetitive practice of dynamic pos-
tural control, stepping and turning can improve balance,
mobility functions and motor signs. Furthermore, dan-
cing with a partner can be enjoyable and enhance QoL'*.
Sustained practice of Irish dancing and tango dancing
for 6-12 months'?*'?* enhanced balance, reduced FOG
and modified disease progression.

Physical therapy recommendations in PD

In the PRT and AET studies considered in this Review,
participants had early PD (Hoehn and Yahr stages 1-2).
Most of the studies reported that the beneficial effects

of the intervention lasted for 12 weeks. Maintenance of
these benefits for longer than 12 weeks could be achieved
by sustained PRT training for 12-24 months, which
increased muscle strength and decreased off-medication
UPDRS-III scores®’. Other studies found that 6 months
of AET** and 16 months of multimodal physical ther-
apy (BOX 1) with an AET component” improved walking
capacity. Physiological studies of healthy adults found
a reduction of the beneficial effects of PRT and AET
over time, as a result of long-term exercise detraining'®.
However, the benefits of training could be sustained by
maintenance programmes, in which supervision was
tapered off after the initial training phase and the par-
ticipants continued to practice as assigned’*'””. Given
the progressive nature of PD, which is compounded
by age-associated functional decline, either sustained
training or maintenance exercise following an inten-
sive training programme is recommended. The cost-
effectiveness of different training modes warrants
further exploration.

For most of the studies of balance and gait training,
patients with mild to moderate PD (Hoehn and Yahr
stage 2-3) were recruited. The beneficial effects of bal-
ance and gait training continued for up to 12 months
and 6 months after these interventions ended, respec-
tively. Balance training and tai chi reduced falls for up
to 12 months and 6 months after training, respectively.
Cueing strategies and dance therapy were effective in
reducing FOG. Notably, the improvements in balance
resulting from balance training''> exceeded the minimal
detectable change (MDC,,)*; increased gait speed also
exceeded MDC,,'** after cued training'® and after
robotic or treadmill-based gait training'® (TABLE 3).
Owing to the limited response of postural and gait
impairments to pharmacological and surgical treat-
ments, balance and gait rehabilitation are of great bene-
fit and importance for people with PD. We recommend
that patients receive task-specific and context-specific
training with high levels of repetitive practice, so as to
achieve long-term positive effects'®.

UPDRS-III, which documents PD motor perfor-
mance and disability level, is an important outcome
measure for the examination of long-term training bene-
fits. All the multimodal physical therapy programmes
resulted in improved UPDRS-II, UPDRS-III and/or
UPDRS-total scores. The results of programmes using
a single modality were inconsistent. However, extended
training periods — ranging from 6 months of AET*, tai
chi” or dance'” to 24 months of PRT*' — are associated
with increased efficacy for achieving clinically meaning-
ful improvement in UPDRS-III scores'®® (TABLES 2-4).
UPDRS-III scores are expected to deteriorate over time
in patients with PD, so the improvements found in the
UPDRS-III scores suggest possible disease-modifying
effects.

Notably, in patients with early stage PD, training
enabled the reduction of their levodopa dosages™.
Furthermore, a reduction of falls was found only in
patients with mild disease (that is, motor UPDRS
score <26)''°. In addition, patients with advanced PD
(that is, Hoehn and Yahr stage >2.9) failed to maintain
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exercise-driven gains in gait speed at follow-up'™. Severity
of PD, therefore, seems to have an effect on treatment
outcome, and patients with early PD could be a poten-
tial target population for treatment to delay disease
progression. More study is needed to explore this area.

Training-induced neuroplasticity

The long-term improvement following physical ther-
apy and exercise training in individuals with PD could
indicate the presence of neuroplasticity in motor-related
and cognitive-related circuitry as the brain learns new
behaviours through modification of existing neural net-
works"!. In mouse models of PD, the possible benefits
of exercise can be explained by the elevated expression of
anti-inflammatory cytokines, the reduced levels of pro-
inflammatory cytokines and activated microglia'*?, and
the reduced levels of mitochondrial dysfunction result-
ing from decreased a-synuclein expression'*. Moreover,
the positive effects of exercise might be mediated by
increased antioxidant defences against neurotoxins'**'**
and a reduction in glutamatergic drive hyperactivity,
leading to reduced dopaminergic cell loss'*.

The presence of exercise-induced neuroplasticity in
PD is further supported by human studies. High-intensity
treadmill training led to increased corticomotor excita-
bility, which was associated with improved gait parame-
ters'?’. Aerobic training of this kind was found to elevate
striatal dopamine D2 receptor binding potential in indi-
viduals with early stage PD'*'. In line with findings in ani-
mal models of PD, a significant increase in serum levels
of brain-derived neurotrophic factor (BDNF), which
protects against a loss of dopamine transporter binding,

REVIEWS

was found as early as 10 days after intensive training, and
this change was maintained throughout 4 weeks of treat-
ment'**. Another study showed improved motor func-
tion in people with PD after 4 weeks of multidisciplinary
intensive rehabilitation treatment, as well as decreased
symptom progression (attributed to enhanced BDNF-
tyrosine receptor kinase B signalling in lymphocytes)'*.
Learning-dependent changes in grey matter volume that
correlated with improved performance were found in
participants with PD after 6 weeks of dynamic balance
training'®. In addition, 12 weeks of aerobic training in
participants with PD generated functional changes
in motor-learning-related brain structures consistent with
improved aerobic fitness'*!. Hence, the between-study
differences observed in exercise-dependent neuroplas-
tic changes probably depend on the intensity, repetition,
specificity and complexity of the exercise regimen'*.

Risks and adverse effects

Risks and adverse effects of long-term exercise were
examined in 25 of 46 clinical studies included in this
Reviewl8,64,73775,80785,88‘90,91,94796,100,105,106,11071 12,124,125) 1 O
of which reported injuries sustained during train-
ing18,64,74,90,96,106,11(),]11,124,125 [TABI_E 5]. The lnterventlons
assessed in these studies included multimodal physical
therapy”, PRT®, balance training'®"'*'"!, gait training®*'%,
tai chi®® and Nordic walking®. Furthermore, 28 studies
noted falls and minor injuries that did not require medical
attention. Given the total number of participants in the
25 studies (1=792), the overall risk of adverse effects is
low, and hence both physical therapy and group exercise
training can be considered safe and well tolerated.

Table 5 | Exercise-related risks and adverse effects

Adverse effects Number of studies

Fall without injury or medical 6
attention

Fall with hospitalization 0
Hypotension, lightheadedness 2
or dizziness

Joint pain or muscle soreness 5
Injury with medical attention 1

(shoulder pain with nonsteroidal
anti-inflammatory medication)

Fatigue 1
Discomfort due to devices 1
(harness)

Total studies reporting adverse
effects

10 (REFS 18,64,74,90,
96,106,110,111,124,125)

15 (REFS 73,75,80-85,
88,91,94,95,100,105,112)

21 (REFS 79,86,87,89,
92,93,97,102,101,104,
109,113,115-123)

No adverse effects

Adverse effects not reported

NA, not applicable.

Type of training Number of  Mean age of
participants participants
affected (years)

Balance’ %, Nordic 12 62-71

walking®, tai chi®®, Irish

dance'”, tango'**

NA 0 NA

Progressive resistance 3 62-66

training®, Nordic walking®®

Balance'®''!, Nordic 11 62-69

walking®, tango**, tai chi®

Nordic walking® 2 62

Tango' 1 64

Gait training'® 1 67

NA 381 62-71

NA 411 59-73

NA NA NA
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Exergaming
A term used for video games
that are also a form of exercise.

Compliance and behavioural changes

Studies examining the effects of physical therapy con-
sidered in this Review had a low drop-out rate (average:
12%, Supplementary information S1 (table)), suggesting
that patients achieved good compliance during the study
period. However, adherence to exercise after completion
of a training intervention is a challenge for people with
chronic illness such as PD. The major barriers to exercise
compliance in PD are a low perceived benefit of exer-
cise, lack of time, fear of falling and low self-efficacy**'*.
Patients who reported a high perceived benefit of exercise
were more likely to sustain such exercise after completion
of the intervention'"®'*’. Education of patients regarding
the benefits of exercise, incorporation of exercises into
patients’ daily routines, and monitoring and feedback
by medical professionals or a virtual coach increased
patients’ problem-solving abilities and improved exer-
cise compliance'®. Group classes (such as tai chi or
dance) that involve interaction with fellow patients'*
and ‘exergaming’ (REF. 147) at home could enhance moti-
vation and improve exercise compliance. Further studies
are needed to examine ways of motivating individuals
with PD to build up an exercise habit in order to delay
deterioration in their mobility.

New approaches and research directions
Long-term preservation of physical function in people
with PD is important to delay disease progression and
age-related decline, and published studies confirm that
physical therapy and exercise therapy can have long-term
benefits for people with PD. Future research is needed to
establish the efficacy and dose-response effect of exercise
in patients with newly diagnosed PD in order to prescribe
exercise as an add-on therapy. A multicentre futility trial
is currently underway to test the feasibility of using high-
intensity exercise to modify symptoms of people with
early stage PD who are naive to medication'*®. New neuro-
imaging biomarkers'"'* and serum levels of BDNF'"* are
useful tools for investigating the neural mechanisms of
exercise and its influence on neuroplasticity.

New cueing devices and techniques — such as
laser-guided shoes'! and Google Glass'* for combat-
ing FOG — warrant further investigation. Wearable
sensor technology that enables continuous real-time
remote monitoring of patients outside clinical settings
could facilitate the development of tailor-made inter-
ventions>**, In addition, online communication por-
tals could offer virtual coaching to improve patient
engagement and treatment compliance'*.

Non-motor symptoms have a substantial negative
effect on the QoL of people with PD and their care-
givers'®. The effectiveness of pharmacological interven-
tions is mainly limited to treatment of depression and
psychosis'®, and thus exercise also plays an important
part in treating non-motor symptoms such as apathy,
fatigue, depression, sleep disturbance and cognitive
impairment'”'*. A long-term study ‘Park-in-Shape,
which is currently under way, aims examine the effects of
aerobic exercise training and exergaming on motor and
non-motor symptoms, QoL and exercise compliance'®.

Conclusions

Physical therapy and exercise training can modify long-
term motor symptoms and physical functioning in PD.
Balance training has the longest carry-over effects of
all of these interventions, followed by gait and tai chi
training. Balance training improves balance, gait and
mobility, and reduces falls for up to 12 months after
completion of treatment. Gait training is effective for the
improvement of gait performance and walking capacity
up to 6 months after training completion. Tai chi reduces
falls for up to 6 months after treatment has ended. Most
progressive resistive training and aerobic training pro-
grammes yield positive effects that last for 12 weeks.
A training period longer than 12 weeks is needed to
achieve clinically meaningful improvements in UPDRS-
III scores. Physical therapy and exercise interventions
have the potential to increase the efficacy of pharma-
cological treatment and delay disease progression in
individuals with PD.
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