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Introduction

Parkinson’s disease (PD) is the second most common neurode-
generative disorder after Alzheimer’s disease.! Physiotherapists play a
very important role in the rehabilitation of people with PD, particu-
larly in relation to the management of motor symptoms, promotion of
regular physical exercise and prevention of secondary impairments
and complications. This review summarises the: motor and non-
motor impairments and secondary complications experienced by
people with PD; research evidence about different interventions
commonly used in the physiotherapy management of PD; and im-
plications for research and practice.

Epidemiology of Parkinson’s disease

Parkinson’s disease affects over 6 million people globally,> with a
prevalence of 51 to 439 per 100,000 people and an incidence of 2 to
28 per 100,000 people, based on door-to-door surveys." Men are
slightly more affected than women.> Both the prevalence and inci-
dence of PD increase with age, peaking in the seventh and eighth
decades.! Available data also suggest higher prevalence and incidence
of PD in western countries than eastern countries."* Because of the
rapidly ageing population, the number of people affected by PD is
projected to double to over 12 million by 2040,> which will inevitably
exacerbate the burden on healthcare systems and society.

Clinical features of Parkinson’s disease

The cardinal motor symptoms of PD are bradykinesia, rigidity,
tremor and postural instability.”> The onset of the cardinal motor
symptoms arises from the loss of dopaminergic neurons of the sub-
stantia nigra pars compacta, leading to depletion of dopamine in the
striatum. Therefore, the inhibitory influence from the basal ganglia to
other brain regions that are involved in the control and execution of
voluntary movements (eg, thalamus, brainstem and supplementary
motor area) becomes exaggerated, which may account for bradyki-
nesia and rigidity.° On the other hand, balance impairment could be
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caused by dysfunctions in the non-dopaminergic system, as it is often
resistant to dopamine.” The cardinal motor symptoms may give rise
to a variety of secondary impairments such as muscle weakness (ie,
reduced capacity of the muscles to generate force),®° altered gait (eg,
reduced walking speed, stride length, cadence and level of indepen-
dence in walking),®'° reduced aerobic capacity (ie, reduced peak
oxygen consumption rate and endurance)''"* and falls.!>'® These
secondary impairments, together with worsening of the motor
symptoms as the disease progresses, may trigger a vicious cycle of
further decline in physical activity level, activity and participation.

Apart from motor impairments, PD is also characterised by non-
motor symptoms, including fatigue, depression, anxiety, sleep
disturbance, cognitive impairments, behavioural issues and bladder/
bowel dysfunction.” While the basal ganglia are also involved in
regulating the non-motor functions such as the behavioural, cognitive
and emotional functions, increasing evidence suggests that the pe-
ripheral autonomic nervous system may be where the disease begins
before the pathology spreads to the lower brainstem and eventually
affects the substantia nigra.'® This may explain why some of the
impairments in non-motor functions precede those of the motor
functions by years or even decades.'® As the motor and non-motor
impairments continue to worsen, there may be severe disabilities in
different aspects of function, resulting in seriously compromised
quality of life.?°

Physiotherapy management of Parkinson’s disease

This section summarises the evidence for a range of physiotherapy
interventions that have been investigated for their effect on PD.
Where possible, the evidence from multiple similar trials has been
meta-analysed. The resulting evidence has been summarised in
Figure 1.

Meta-analytic approach

In all meta-analyses presented in this review, only those trials
with a comparison group that allowed the direct estimation of the
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Figure 1. Interventions for management of Parkinson’s disease with associated levels of evidence.
RCT = randomised controlled trials, M1 = primary motor cortex, rTMS = repetitive transcranial magnetic stimulation, tDCS = transcranial direct current stimulation.

2 centre-based, supervised.
° home-based, minimally supervised.

effects of the experimental intervention were included (ie, experi-
mental intervention versus no intervention/sham intervention/
attentional control, or experimental intervention plus other in-
tervention(s) versus the same other intervention(s) only). The mean
difference (MD), rather than the standardised mean difference (SMD),
was used in the analyses whenever possible because absolute mea-
sures of effect may be more easily interpreted by clinicians than
relative effects. The random-effects model was used if the I? value
was > 50% (ie, substantial heterogeneity); otherwise, the fixed-effect
model was used.

As PD is chronic and progressive in nature, physiotherapy inter-
vention involves management of motor impairments, promotion of
regular physical exercise and prevention of secondary impairments
and complications.?*> Physiotherapy may also have an important
role in delaying disease progression.”” Exercise intervention is a very
important element in physiotherapy for people with PD.?"%?

Aerobic exercise

Aerobic capacity, as measured by the maximal oxygen consump-
tion rate, is impaired in people with PD, particularly those with
moderate to severe PD.'*'* Compromised aerobic capacity among
people with PD is also reflected in reduced walking endurance on
tests such as the 6-minute walk test (6MWT)!! and increased phys-
iologic cost when performing walking and other activities of daily
living.2>** Aerobic exercise may be a viable option to address these
issues. Different modes of aerobic exercise have been studied in the
PD population, with the most common ones being cycling on a sta-
tionary bicycle, followed by walking on a treadmill.?® The final target
exercise intensity was moderate to high, mostly at 50 to 80% heart
rate reserve. The duration of each exercise session was 30 to 50 mi-
nutes for most studies, while the frequency and duration of the
program was typically three to five sessions per week for 8 to 24
weeks.”®

A 2014 systematic review by Shu et al examined the effects of
aerobic exercise in PD.*® In the current review, updated meta-
analyses were performed by first extracting the relevant trials from
Shu et al’s meta-analyses, and then adding the data obtained from
aerobic exercise trials published after 2013.2°->® The updated meta-
analyses estimated that aerobic exercise improved the peak oxygen
consumption rate by 2.9 ml/kg/min (95% CI 1.6 to 4.3) (Figure 2A) and
attenuated motor symptoms (ie, Unified Parkinson’s Disease Rating
Scale Part III (UPDRS-III) or Movement Disorder Society-Sponsored
Revision of UPDRS Part III (MDS UPDRS-III)) by a SMD of —0.3 (95%
CI —0.5 to —0.1) (Figure 2B). The effect of aerobic exercise on walking
endurance (indicated by the 6MWT) was inconclusive due to the

wide confidence interval (Figure 2C). Aerobic exercise had little or no
effect on quality of life, as measured by the Parkinson’s Disease
Questionnaire-39 (PDQ-39) (Figure 2D). For detailed forest plots, see
Figure 3 on the eAddenda. In all the above meta-analyses, the
methodological quality of the majority of the studies was good
(PEDro scores > 6). In addition to the effects on aerobic capacity and
motor outcomes, a recent systematic review by Schootemeijer et al
found that aerobic exercise improved bone health and decreased
incidence of cardiovascular disease and mortality in people with
PD;>** however, its effects on non-motor impairments were
conflicting.

The few aerobic exercise trials with a follow-up period had mixed
results. Qutubuddin et al found no clear between-group difference in
balance, motor symptoms and quality of life immediately after 8
weeks of training (intensity 61 to 80% of maximum heart rate, fre-
quency two sessions per week) and also at a 4-month follow-up.*?
However, the methodological quality was only fair (PEDro score =
5) and the sample size was small (23 participants). In a recent small-
scale randomised trial by Arfa-Fatollahkhani et al with 20 partici-
pants,®> 10 weeks of aerobic exercise at moderate intensity (intensity
60% heart rate reserve, frequency two sessions per week) resulted in
improvements in the Timed Up and Go (TUG) test and 6MWT that
were sustained for 2 months after the training had ended. More
research is required to explore the long-term effects of aerobic
exercise.

Graded resistance exercise training

People with PD have lower muscle strength than their peers
without PD.2>® Severe sarcopenia affects 20% of people with PD.’
Loss of muscle mass and strength is a key factor in the develop-
ment of secondary osteoporosis,>® reduced functional performance®
and falls in this population.®® Graded resistance exercise training has
been used to tackle the problem of muscle weakness and associated
functional limitations in PD.*%*!

Updated meta-analyses were generated by adding the results of
randomised trials published after 2013*>7°° to the relevant studies
extracted from the systematic reviews by Saltychev et al*® and Chung
et al.*! Most of the training programs consisted of 30 to 40 minutes of
resistance exercises in each session on two to three non-consecutive
days each week for 2 to 3 months, although a few studies had longer
training durations up to 24 months. The initial resistance was typi-
cally set at 8 to 12 repetitions maximum (RM), which was then
gradually increased by 2 to 10% if the participants were able to
perform two to three sets of the same exercise at 8 to 12 RM with
relative ease. The final target resistance at the end of the training
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Figure 2. Effects of aerobic exercise compared with controls on (A) peak oxygen
consumption rate, (B) Unified Parkinson’s Disease Rating Scale Part III (UPDRS-III), (C)
6-minute walk test and (D) PDQ-39, modified from Shu et al.>® Only the high-intensity
group in Shenkman et al and only the cycling group in Tollar et al were used for meta-
analyses. Only randomised controlled trials that clearly specified the target training
intensity in the experimental group, and that the training intensity was distinct be-

tween the experimental and comparison groups were included. See the main text
section ‘Meta-analytic approach’ for further details.

period was typically 70 to 80% of 1 RM. The updated meta-analyses,
mostly consisting of good-quality studies (PEDro scores > 6),
showed that progressive resistance exercise improved leg extensor
strength (SMD 0.71, 95% CI 0.21 to 1.21), TUG performance (MD —1.7
seconds, 95% CI —3.1 to —0.3), comfortable walking speed (SMD 0.39,
95% CI 0.12 to 0.66), fast walking speed (SMD 0.85, 95% CI 0.27 to
1.43), motor symptoms (SMD —0.46, 95% CI —0.71 to —0.20), and
PDQ-39 scores (MD —6, 95% CI —10 to —3), as shown in Figure 4. For
detailed forest plots, see Figure 5 on the eAddenda.

Research on the long-term effects of resistance training is scarce.
Among the studies included in the meta-analyses here, Santos et al*’
demonstrated that adding 8 weeks of progressive resistance training
(two 60 to 70-minute sessions per week) to routine physiotherapy
resulted in greater reduction in centre of pressure displacement
during standing and greater improvements in fast walking speed and
quality of life (PDQ-39) than routine physiotherapy alone, although
only the effect on fast walking speed was sustained at 1-month
follow-up. More studies are required to examine the effects of
resistance exercise training on other important outcomes such as
balance and walking endurance, as well as on the long-term effects.

One particular aspect of resistance exercise training in PD is the
strengthening of respiratory muscles. This area has garnered atten-
tion in research because people with PD often have respiratory dys-
functions related to abnormal ventilator drive, restrictive changes,
respiratory muscle weakness and upper airway obstruction.”’ These
may lead to impairments in swallowing and phonation.”’ A 2020
systematic review only identified three randomised controlled trials
of respiratory muscle strength training in PD. Although some positive
effects on respiratory function were reported, two of these had PEDro
scores < 6.° Therefore, the wide application of respiratory muscle
training in PD cannot be supported until further high-quality research
establishes its value.’?

Virtual reality and exergames

Exercise that incorporates virtual reality (VR) is also gaining
popularity in the rehabilitation of people with PD. The intervention
often involves the use of computer-based games in a virtual reality
environment. Some examples include the Nintendo Wii or Xbox
Kinect, which are commercially available, and other customised VR
tools specifically designed to address PD impairments. Incorporating
VR into exercise may have potential advantages over conventional
exercise by providing an interesting and interactive environment,
which may increase patient motivation and engagement.>*

Most of the VR intervention trials lasted 5 to 8 weeks (45 to 60
minutes per session, two to three sessions per week). A number of
systematic reviews have addressed the use of VR in PD in recent
years.”>=>8 A 2020 review by Canning et al®’ found that VR rehabili-
tation improved gait and balance when compared with inactive
controls in three facility-based trials, but such beneficial effects were
not apparent in a home-based trial (PEDro scores 6 to 8); this may
have been related to exercise underdosing due to inadequate super-
vision in the home setting. A differential effect according to disease
severity was also identified, with more beneficial effects for those
with lower disease severity and potentially negative effects for those
with higher disease severity.

Although previous systematic reviews have attempted to estimate
the effects of VR rehabilitation compared with other non-VR in-
terventions,”>°%°% the meta-analyses are very difficult to interpret
because the type and dose of the non-VR interventions used in
different studies varied. Canning et al°’ compared the effects of VR
and non-VR rehabilitation of a similar type and dose based on the
findings of 11 trials and found no consistent evidence of VR rehabil-
itation being more effective in improving gait or balance in PD.

Among the trials that compared VR rehabilitation and inactive
control, only one incorporated a follow-up assessment after termi-
nation of training.>® A high-quality study (V-TIME trial) demonstrated
that participants in the VR treadmill training group had a lower
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Figure 4. Effects of resistance exercise compared with control on (A) leg extensor
strength, (B) Timed Up and Go Test, (C) comfortable walking speed, (D) fast walking
speed, (E) motor symptoms and (F) quality of life, modified from the systematic re-
views by Saltychev et al*® and Chung et al.*' The resistance training group without
added instability in Silva-Batista et al was used for analyses.*® The SMD, rather than
MD, was used in the analysis of leg extensor strength, comfortable walking speed, and
fast walking speed because different outcome assessment methods involving different
units of measurement were used. The SMD was also used in the analysis of motor
symptoms because some studies used UPDRS III, while others used MDS UPDRS III as
an outcome. See the main text section ‘Meta-analytic approach’ for further details.
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Figure 4. (continued).

incident rate of falls (8.1%, 95% CI 5.6 to 11.7) than those who received
the same dose of treadmill training without VR (16.5%, 95% CI 9.9 to
27.3) in the PD subgroup during the 6-month follow-up period.>®

A number of trials that compared VR and other non-VR in-
terventions incorporated a follow-up period, mostly between 1 and 3
months.””>® Only Shen et al had a follow-up period > 6 months
beyond the training.®® They found that that their 3-month VR balance
and gait training reduced the fall rate and improved gait and balance
relative to conventional strengthening exercises; these beneficial ef-
fects were largely maintained at 3 months and 12 months after
termination of training.®°

In summary, the evidence currently supporting the use of VR in PD
rehabilitation is largely limited to fully supervised conditions in
facility-based settings only. Whether the VR interventions can induce
the same beneficial effects in less supervised or unsupervised con-
ditions requires further investigation.>’

Treadmill training

Common gait impairments in people with PD are: reduction in
gait speed, step length and cadence; shuffling gait; difficulty with
step initiation; and freezing of gait (FOG). Improving gait is one of the
primary goals of physiotherapy in PD. Some of the better-studied
training approaches include treadmill training, sensory cueing with
movement strategy training, Nordic walking and robot-assisted gait
training. Studies on dual-task mobility training are also emerging.

In gait training using a treadmill, a harness was used in some
studies to ensure safety and prevent falling.’" Partial body weight
support was also used in some studies, whereas additional load was
used in others.°’ Many of the studies adopted a ‘speed-dependent
treadmill approach’, in which the belt speed was set as the highest
speed at which the participant could walk safely without losing
balance (ie, maximum achieved belt speed).’! Other studies used a
constant walking speed during the same training session.°’ The
treadmill walking program typically lasted for 4 to 8 weeks, with
three sessions (30 to 45 minutes) per week. The effects of treadmill
training in PD were examined in a number of systematic reviews,®"%?
including a 2015 Cochrane review of 18 randomised controlled
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trials.®" The Cochrane review concluded that treadmill training
improved gait speed and stride length, with moderate and low
quality of evidence, respectively.! However, the cadence and dis-
tance did not improve with treadmill training.®’ In the current re-
view, the evidence was further updated by extracting relevant data
from the Cochrane review and adding the relevant randomised trials
published after September 2014.5>5° The results seemed to suggest
that treadmill training had a more pronounced effect on fast walking
speed than comfortable walking speed, as shown in Figure 6. For
detailed forest plots, see Figure 7 on the eAddenda. Specifically, the
fast walking speed was improved by treadmill training by an average
of 0.16 m/s (95% CI 0.04 to 0.28) (Figure 6A), whereas the comfortable
walking speed was improved by 0.11 m/s but the confidence interval
(—0.05 to 0.27) revealed a small chance of a better outcome in the
control group (Figure 6B). However, the interpretation of this result
should recognise that the quality of most trials was only fair (PEDro
score 5). In a systematic review by Ni et al, it was recommended that
people with PD engage in treadmill training of 30 to 60 minutes per
day, 2 to 3 days per week for more than 4 weeks.®” A self-selected
speed can be used initially, with gradual increases by 0.2 km/hour
as tolerated.

Of the studies included in the meta-analyses, only Canning et al®®
assessed the long-term effect by incorporating a follow-up assess-
ment. It was found that their moderate-intensity, home-based
treadmill walking exercise program did not improve walking capacity
but led to greater improvement in quality of life (PDQ-39) measured 6
weeks after termination of training. Further research is required to
assess the long-term effects of treadmill training for people with PD.

Sensory cueing and movement strategy training

Gait hypokinesia in PD is thought to be attributable to the defi-
cient formation of internal cues and reduced ability to activate the
cortical motor set by the basal ganglia.®® External cues have long been
used in PD rehabilitation to overcome the deficits in internal rhythm
generation, and activation of the motor control system may be key to
facilitating a better gait pattern. Common types of cues that are used
in PD rehabilitation of gait are largely auditory, visual and somato-
sensory in nature.°®~”> Sensory cueing is sometimes combined with
movement strategy training, which involves teaching people with PD
to focus their attention on movement and respond to sensory cues to
improve performance in activities such as walking, obstacle negoti-
ation and turning.”*” This includes learning to: plan in advance for
movements to be performed, mentally rehearse the movements prior
to their execution and consciously focus the attention on movements
while they are being performed. Complex movement sequences are
also broken down into several components to facilitate better
learning. The goal is to form a mental picture of the desired move-
ment (eg, optimal step length) before its actual execution.”>’®

A number of systematic reviews have examined the effects of
sensory cueing on gait and falls in PD.?~72 The exercise interventions
with sensory cueing typically consisted of 30 to 60 minutes of
training per session, two to three sessions per week for a period of 4
to 12 weeks, although the studies by Martin et al’® and Thaut et al”’
involved a longer training period of 6 months. The methodological
quality of the reviewed studies varied (PEDro scores 2 to 8). Overall,
both visual and auditory cues were found to be effective in improving
the kinematic gait parameters and turning execution, while reducing
the FOG and falls. The meta-analyses by Spaulding et al’? revealed
some differences in results between visual and auditory cueing.
While visual cueing improved stride length only, auditory cueing also
improved cadence and speed. With auditory cueing, the effect was
more pronounced when using high-intensity and high-frequency
stimuli (10% above the patient’s normal walking cadence). Proprio-
ceptive cues in the form of rhythmic vibrations to the plantar surface
of the foot skin synchronised with the step were shown to improve
step length, speed, cadence and anticipatory postural adjustment (an
important factor in step initiation).”! A number of studies also
showed that the training effects from sensory cueing interventions
can be largely maintained for a follow-up period varying from 1 to 6
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Figure 6. Effects of treadmill gait training on (A) fast walking speed and (B) comfort-
able walking speed, compared with controls. See the main text section ‘Meta-analytic
approach’ for further details.

months.””> A recent systematic review by Radder et al showed that
movement strategy training including cueing induced a moderate
treatment effect on gait speed (six studies; SMD 0.45, 95% CI 0.13 to
0.76); however, only three of these six studies had PEDro scores > 6.”%
A moderately large effect on TUG performance was also found (six
studies; SMD 0.53, 95% CI 0.23 to 0.82) in their meta-analysis of six
studies (four with PEDro scores > 6).”>

High-quality studies are needed to examine sensory cueing in PD
and determine the most effective type of stimulus for different stages
of the disease.?’ With the development of wearable technology (eg,
wearable sensors, laser, augmented reality via Google glasses and
Halolens), there is much room for future research on their effective-
ness on gait rehabilitation for people with PD.”79

Nordic walking

Nordic walking involves the use of two specially designed walking
poles with rubber tips during walking. It requires the individual to
perform arm swings using the poles as they move forward, similar to
the movements observed in cross-country skiing.2° The use of poles
during walking may promote postural adjustment and dissociation of
the shoulder and pelvic girdles, and lessen axial rigidity, which may
facilitate a better gait pattern.2° Based on the 2017 systematic review
by Bombieri et al®' only four randomised controlled trials were
identified. Improvements in motor outcomes (eg, walking speed and
endurance, leg muscle strength) and non-motor outcomes (eg,
depression, fatigue) were reported after Nordic walking training. The
same systematic review also suggested that people with mild
disability or gait impairment seemed to benefit more from Nordic
walking training.®’ Their meta-analysis of these four randomised
trials showed that Nordic walking was effective in reducing the
UPDRS-III score (SMD —0.64, 95% CI —0.98 to —0.30).2' However, only
two of these trials (PEDro scores of 4 and 6) could delineate the ef-
fects of Nordic walking by incorporating a relatively inactive control
group. No definitive conclusion could be made, partly due to the low
methodological quality of the studies and small sample sizes used.

Only two studies examined the long-term effects of Nordic
walking training.®®®? Van Eihjkeren et al®® demonstrated that the
gain in gait velocity and functional mobility after 6 weeks of training
(12 hours in total) was maintained for 5 months after the training had
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ended. However, there was no control group and therefore any
improvement can be explained by other extraneous factors. Ebers-
bach et al®? found that the benefits gained in cued reaction time after
4 weeks (16 hours in total) of Nordic walking was sustained for 16
weeks after program completion.

Robot-assisted gait training

Application of robot-assistive devices in gait training has gained
increasingly wide application in the rehabilitation of people with PD
and its effects were examined in systematic reviews by Alwardat and
Etoom.®** The robot-assisted gait training programs usually lasted 4
weeks (30 to 45 minutes per session, three to five sessions per
week).®® The methodological quality of the reviewed trials was
mostly good (PEDro scores > 6 for six of seven studies).®® There is
high-quality evidence that robot-assisted gait training induced
greater improvements in UPDRS-III score than conventional exercise
(MD -5, 95% CI —3 to —8) but not treadmill training (MD 0, 95% CI —4
to 3).5* Robot-assisted gait training also improved stride length (MD
9.3 cm, 95% CI 7.2 to 11.4; high-quality evidence) and gait speed (MD
0.17 m/s, 95% CI 0.09 to 0.24; low-quality evidence) and Berg Balance
Scale (MD 3.6, 95% CI 0.4 to 6.7; moderate-quality evidence) when
compared with conventional interventions.?® The training effects on
UPDRS-III and Berg Balance Scale were sustained at the 1-month
follow-up but not at the 3-month follow-up. No clear treatment ef-
fects on stride time, cadence, TUG or balance confidence were
detected.®® The positive effect on FOG was supported by case studies
and uncontrolled trials only.®*

Interventions for reducing freezing of gait

Various approaches have been used in attempts to reduce FOG,
including balance exercises, treadmill training, sensory cueing,
movement strategy straining and action observation training. A 2020
systematic review by Consentino et al examined the effects of
different physiotherapy interventions on FOG. Their primary analysis
showed that physiotherapy interventions (nine trials examining
cueing training/balance exercises/home-based exercises, with PEDro
scores > 6 in seven of nine trials) had an overall treatment effect on
reducing FOG compared with no intervention (SMD —0.29, 95%
Cl —0.45 to —0.12).%° In the sub-group analyses focusing on different
categories of intervention, home-based exercise interventions of
prolonged duration (ie, around 4 months), which included balance
and gait exercises and cueing, showed a pronounced effect on FOG
compared with no intervention (three studies; SMD -0.30; 95%
Cl —0.53 to —0.07) but the quality of evidence as determined by the
Grades of Recommendation, Assessment, Development and Evalua-
tion (GRADE) was low due to risk of bias. In contrast, there was very
low-quality evidence that a shorter exercise program of 12 to 14
weeks in duration (three studies) or cueing training (two studies;
mean duration six to nine sessions) generated no effect.®> There was
no evidence that the effects of the above interventions are sustained
after termination of training.

In action observation training, the participant is asked to first
observe single motor actions (eg, rise from a chair, turn, walk through
a narrow space) performed by a physiotherapist and then repetitively
practise the same movements.®®” Therefore, action observation
training is considered a combined motor-cognitive approach in PD
rehabilitation. Adding action observation training to conventional
exercises also led to greater reduction in FOG than the same exercises
with sham or no action observation training (four studies;
SMD -0.40, 95% CI —0.76 to —0.05), and the effect could be main-
tained for 4 weeks (four studies; SMD —0.56, 95% CI —0.91 to —0.21),
with moderate-quality evidence.®> However, adding visual/auditory
cueing to treadmill or step training did not result in a better effect on
FOG than treadmill or step training alone (very low quality of evi-
dence).®> Aquatic exercise also had no effect on FOG (very-low quality
of evidence).®° These findings are consistent with another systematic
review by Delgado-Alvarado et al,®® which showed that all available
studies classified as cognitive training (ie, action observation training,

motor learning facilitated with cueing and movement strategies, and
computerised training program such as Kinect) are effective in
reducing FOG.%° However, recent work showed no difference in
cognitive function between those who have FOG and those who do
not, after adjusting for covariates (particularly disease severity).%°
There was also no correlation between FOG severity and cognitive
performance.® Thus, effective reduction in FOG may involve more
complex strategies than a ‘cognitive-motor’ approach, but this will
require more study.

Dual-task training

Ambulation in daily living requires the ability to perform a
cognitive or motor task while walking (eg, carrying a glass of water or
attending to traffic signals while walking). Relative to their peers
without PD, dual-task conditions cause people with PD to have more
exaggerated decreases in walking speed, stride length and cadence,
along with an increase in stride variability.”>°' Dual-task exercise
training in PD has gained increasing attention in recent years. It
typically involves performing various walking and balance activities
concurrently with cognitive tasks or upper limb motor tasks (eg,
carrying an object).”

The effects of dual-task training were examined in a recent sys-
tematic review of 11 randomised trials by Li et al.”> The majority of
these trials had a training duration of 6 to 12 weeks (45 to 60-minute
sessions, two to three sessions per week). All but one study had a
PEDro score of > 6. Their meta-analyses showed that dual-task
training improved gait speed in single-task conditions (SMD —0.29,
95% Cl —0.47 to —0.10) but not in dual-task conditions (SMD —0.13,
95% CI —0.38 to 0.12) when compared with the control group (usual
care or single-task training). The improvement was attributable to
increase in cadence rather than step length. Dual-task training also
improved motor symptoms, as measured by the UPDRS-III (SMD 0.56,
95% C1 0.18 to 0.94) and Mini-BESTest score (SMD —0.44, 95% CI —0.84
to —0.05). However, the data of the control group in their meta-
analyses were derived from a combination of studies that used a
no-intervention control group and those that used a conventional/
single-task training group. As the conventional/single-task training
may have a beneficial effect on the outcomes, as clearly shown by
Strouwen et al in their DUALITY trial,”® their meta-analyses may have
underestimated the treatment effect of dual-task training.

Regarding the long-term effects of dual-task training, the DUALITY
trial demonstrated that both dual-task training and single-task
training led to similar improvements in dual-task walking speed,
which were sustained at the 12-week follow-up.”® Their study was
also the only high-quality trial that measured falls and found no
between-group difference in fall rate during the 24-week follow-up
period after training.””> In summary, more high-quality research is
needed to investigate whether dual-task training is beneficial for
improving gait and balance under dual-task conditions, and fall
incidence.

Overall, the gait training methods reviewed above have beneficial
effects on certain aspects of gait, particularly walking speed, stride
length and endurance. Ni et al®” examined different types of exercise
training in their systematic review of 40 randomised trials and, based
on the calculated effect sizes, the treatment effect from a task-specific
exercise (eg, walking exercise, treadmill training) was generally
greater than that from a general exercise program (eg, cycling).
Therefore, gait-specific training, rather than a general exercise pro-
gram, may be required if gait is the outcome of interest.

Balance training

People with PD may show deficits in different aspects of balance
function, as described by Horak et al,’* namely: biomechanical con-
straints and postural orientation (ie, impaired flexibility, muscle
weakness, stooped posture); limits of stability and verticality (ie,
camptocormia, lateral trunk flexion, inability to hold an inclined
posture); anticipatory postural adjustments (ie, diminished and
delayed adjustments); reactive postural responses (ie, excessive
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muscle co-activations, decreased stepping reactions); sensorimotor
integration (ie, over-dependence on visual cues, impaired processing
of proprioceptive input); and dynamic control of gait (ie, hypokinetic,
shuffling gait, deficits in dual-task mobility).?’ Thus, multidimen-
sional balance/agility exercise training is the most common physio-
therapy intervention to improve balance performance for people with
PD.>195-99 Examples of balance exercises typically included flexibility/
joint mobility exercises (ie, targeting biomechanical constraints),
weight shifting exercises (ie, limits of stability), exercises of self-
destabilisation of the centre of mass (ie, anticipatory postural ad-
justments), tasks that involve external destabilisation of the centre of
mass (ie, reactive postural responses), balance exercises on unstable
support surfaces (ie, sensory orientation), balance activities during
walking (eg, obstacle courses) that require continuous feedback and
feedforward postural adjustments (ie, dynamic control of gait).?>~%°
Other types of balance training methods that have been studied
include aquatic therapy, movement strategy training, motor-cognitive
dual-task training, technology-assisted balance training, trunk/core
exercises, treadmill walking with added perturbations, biofeedback
and strengthening exercises with added instability.!%0-1

The training programs were typically 4 to 12 weeks in duration
(40 to 60 minutes per session, two to three sessions per week),
although a few studies involved a longer training period of > 6
months. An earlier systematic review by Allen et al'®® found that
balance training was effective in improving balance-related activity
performance in PD, and that programs that involved highly chal-
lenging balance activities had a tendency to induce greater
improvement in balance. A more recent meta-analysis, by Shen
et al,'®! of trials with moderate-to-high methodological quality found
that exercise training generated significant short-term and long-term
improvements (up to 12 months) in balance performance (short-term
effect: Hedges’ g = 0.303; long-term effect: Hedges’ g = 0.419). On the
other hand, a more recent systematic review by Flynn et al showed
that home-based standing balance and/or gait exercises improved
balance (SMD 0.21, 95% CI 0.10 to 0.32) and gait speed (SMD 0.30, 95%
CI 0.12 to 0.49) but not quality of life, when compared with no or
sham intervention. Home-based exercise practice also induced
similar improvement in balance to centre-based exercises
(SMD —0.04, 95% CI —0.36 to 0.27).!°? Recent studies by Capato et al
demonstrated that both people who freeze and non-freezers benefit
equally from the training.”’~°° The treatment effect was greater and
lasted longer when the multidimensional balance exercises were
supported by rhythmic auditory stimuli.’’~?° Multidimensional bal-
ance exercise training induced improvement in balance not only in
those with mild-to-moderate disease (Hoehn and Yahr stage 1 to
3)?5-98 but also those with advanced PD (Hoehn and Yahr stage 4).°°

Dance exercise therapy

Dance exercise therapy in PD is an emerging area of
research.!°>194 Different types of dance have been studied, including
Tango, Irish dance, waltz, ballet, Turo PD (a qigong dance hybrid),
Ballu Sardu (a Sardinian folk dance), ballroom dancing, dance therapy
specifically designed to address the PD symptoms, and a mixed genre.
Most dance therapy programs lasted for 8 to 13 weeks. Each session
was typically 1 to 1.5 hour in duration, with training frequency at one
to two sessions per week. Argentine Tango was the most studied
among the various dance programs. A 2020 systematic review of 16
trials (five trials having low risk of bias in > 6 of 10 categories
described in the Cochrane Collaboration risk of bias assessment tool)
by Carapelloti et al revealed that dance exercise had favourable
treatment effect on MDS UPDRS-III (MD -2, 95% CI —4 to —1), bal-
ance (SMD 0.50, 95% CI 0.21 to 0.79), 6MWT (MD 50 m, 95% CI 15 to
85), TUG (MD -1.1 seconds, 95% CI —2.1 to 0.2) and depressive
symptoms, as measured by the Beck Depression Inventory II
(MD —5.1, 95% CI —7.7 to —2.4).1°* There was a tendency for dance
exercise to improve the forward and backward gait speed and stride
length, but the confidence intervals did not exclude the possibility
that usual care was slightly superior. The effect of dance exercise on
PDQ-39 was not apparent. Another 2020 systematic review by

Barnish et al indicated that Tango dance induced an overall treatment
effect on UPDRS-III (MD —10, 95% CI —17 to —3) and that PD-specific
dance improved PDQ-39 (MD -8, 95% CI —12 to —4) but not per-
formance in TUG (MD —2.1 seconds, 95% CI —6.3 to 2.1)."® Finally, the
systematic review by de Almeida et al specifically assessed the effect
of dance on postural control in PD and revealed a large effect size in
their meta-analysis (SMD 0.82, 95% CI 0.52 to 1.12).1% In summary,
sustained dance practice is beneficial in improving various aspects
of motor function — including balance, mobility and walking
endurance — and delays the progression of motor symptoms.

Several mechanisms underlying the observed improvement
following dance therapy have been proposed. First, the external cues
involved in dancing (eg, music with strong beats, physical contact
with partner, seeing the movements of partner, hearing the dance
steps) may enable the participants to bypass the impaired basal
ganglia and access the cortical circuitry, thereby facilitating a better
gait pattern and reducing FOG.!°° Dance often involves frequent
stepping in different directions, turning, sudden cessation of step-
ping, shifting of centre of mass, and movements of varying speeds
coordinated with arm movements. These may explain why sustained
dance practice may result in improvement in balance and mobility. If
the dance movements are intensive enough, they also impose a
considerable demand on aerobic capacity and induce a training effect
on endurance.

Dance practice makes the exercise more enjoyable and also pro-
motes social interaction.'””!°® A qualitative research study has pro-
vided important insights into the design and implementation of
dance therapy classes in PD.'° It is important to consider the disease
severity of the participants. One possible strategy is to stratify the
dance groups according to individual ability level. It is critical that the
therapist is able to tailor the activities to the ability of the partici-
pants. Another important factor is the choice of music. Music with
clear and strong beats is preferable because it helps participants to
focus on movement and enables them to execute the movement se-
quences more smoothly.'%’

Tai Chi, Qigong and yoga

Chinese traditional mind-body exercises, such as Qigong and Tai
Chi, have become increasingly popular in neurological rehabilitation,
including for PD. There are two theories underpinning these tech-
niques. The first is related to the concept of ‘qi’: in traditional Chinese
medicine, qi is an energy that flows through the meridian system in
the body."'° The blockage of the flow of qi is thought to contribute to
illness. According to traditional Chinese medicine philosophies,
Qigong facilitates the movement of qi throughout the body so that
health can be promoted.'"" The second theory is related to the
concept of ‘yin and yang’: they are the two complementary and
opposing elements that comprise the universe that needs to be
maintained in harmony. Through practising Qigong, the yin and yang
of the body become balanced, thereby improving health.!'

Tai Chi is a specific branch of Qigong and involves more martial
arts features, and involves the execution of slow and controlled body
movements coordinated with deep diaphragmatic breathing.?' The
most common form used is the Yang style. The movements involved
often require shifting of the centre of gravity to the individual’s sta-
bility limit, reaching beyond the base of support, shifting of the body
weight from one leg to another, changing the base of support from
bilateral to unilateral stance, and sustained squatting movements.
With these manoeuvres, Tai Chi has the potential to improve balance
and muscle strength, which may in turn improve related functions
such as mobility and endurance.’’ Three systematic reviews were
published to examine the effect of Tai Chi in PD between 2014 and
2015."3-115 A]l three reviews concluded that Tai Chi was effective in
improving balance and motor function for people with PD.

To provide a more comprehensive picture of the therapeutic value
of Tai Chi in PD based on the latest evidence, the meta-analyses
presented in Yang et al''* were updated by including relevant rand-
omised controlled trials that were published after 2013."%72° Most
trials involved regular Tai Chi practice for 30 to 60 minutes per
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session, three times a week for 8 to 24 weeks. The updated meta-
analysis (PEDro scores 5 to 7) showed that Tai Chi improved bal-
ance function as measured by the Berg Balance Scale (MD 4, 95% CI 1
to 6) (Figure 8A) and functional reach test (MD 5 cm, 95% CI 3 to 7)
(Figure 8B). Tai Chi also improved the TUG performance by 1.1 sec-
onds (95% CI —0.4 to —1.8) (Figure 8C), and the 6MWT by 41 m (95%
Cl 3 to 78) (Figure 8D). It also attenuated the motor symptoms
(SMD —-0.7, 95% CI —1.2 to —0.2) (Figure 8E). However, its effect on
walking speed was inconclusive (Figure 8F). For detailed forest plots,
see Figure 9 on the eAddenda. As for the long-term effects of Tai Chi,
Li et al reported that the effect from 6 months of Tai Chi practice led
to sustained effects for 3 months.'?! Tai Chi also reduced the inci-
dence of falls after 12 weeks'!” and 24 weeks'?! of practice during a 3
to 6-month follow-up period (RR 0.33 to 0.44).

Baduanjin is a popular form of Qigong that involves fewer exer-
cises and is easier to master than Tai Chi.'*> A few studies have
examined the effect of Qigong for people with PD and identified
beneficial effects on balance,'?*'?> mobility'?*'*> and motor func-
tion'?* after 8 to 24 weeks of Qigong practice (45 to 60 minutes per
session, two to four sessions per week); however, there was one high-
quality trial'”> and the others either have poor methodological
quality (PEDro score 3)'?®> or a small sample size (< 40
participants).'>*

A peaceful mind and focused attention are required during Qigong
and Tai Chi practice, leading researchers to postulate that these ex-
ercise approaches may have a positive impact on non-motor out-
comes. The effects of these techniques on depression,!%2>-127
cognition,''%126127 sleep quality'?>'*® and quality of life (PDQ-
39)120:124126 haye been examined in a number of studies. The esti-
mated effects on these outcomes were mostly positive.

The application of yoga in PD has also garnered attention. Yoga
consists of prolonged muscle-stretching postures, diaphragmatic
breathing and meditation.'*® As a mind-body exercise intervention,
yoga also encourages body awareness and kinesthetic sense. A recent
systematic review by Jin et al did not find strong enough evidence to
support the use of yoga to reduce the risk of falls for people with
PD.*° The benefits of yoga on motor impairments, gait, muscle
strength and quality of life were supported by pilot studies or low-
quality randomised trials. The study of yoga in PD is only emerging
and more research is required to examine its health benefits.

Aquatic exercise

The use of aquatic exercise in PD has been examined in several
studies.”®! The duration of the exercise programs varied between 4
and 10 weeks, with each session typically lasting 45 to 60 minutes at
a frequency of 2 to 5 days per week. The exercises involved were
usually a mix of mobility, balance, strengthening and endurance ex-
ercises. One specific type of aquatic exercise is Ai Chi,'*>'*2133 which
is a combination of Tai Chi and Qigong performed in the water rather
than on land. The Ai Chi trials were of good methodological quality
(PEDro scores 6 to 7), although the sample sizes were relatively small
(29 to 40 participants in each study).'?>*>!3 Improvements in bal-
ance (Berg Balance Scale, Single-leg-standing, Tinetti scores), TUG
and motor function (UPDRS-III) were reported after 5 to 11 weeks (45
to 60 minutes per session, two to five sessions weekly) of Ai Chi
practice.125'132"33

A 2019 systematic review by Cugusi et al examined the effects of
aquatic exercises in PD."*! Most of the trials compared the effects of
aquatic exercise versus land-based exercise and were of good quality
(all but one trial having PEDro scores > 6)."*! Their meta-analysis
revealed that aquatic exercise was superior to land-based exercise
in improving the Berg Balance Scale score (MD 2.7, 95% CI 1.6 to 3.9),
Fall Efficacy Scale (MD —4.0, 95% CI —6.1 to —1.8) and PDQ-39
(MD -6.0, 95% CI —11.3 to —0.6). There was a trend for aquatic ex-
ercise to be more beneficial than land-based exercise in reducing the
UPDRS-III scores but the size of any additional benefit would be small
(MD -1, 95% CI —2 to 0). The effects of aquatic exercise on the TUG
and Activities-specific Balance Confidence Scale were similar to that
of land-based exercise. However, the quality of evidence was

considered to be low or very low, except for the Berg Balance Scale
(high quality) and PDQ-39 (moderate quality)."

Combined exercise training

As the motor impairments and activity limitations are multifaceted
among people with PD, the exercise training in the overall physio-
therapy intervention may be multidimensional, with incorporation of
different types of exercises (eg, aerobic, resistance, balance
training).*>'>4-142 Most of the trials of combined exercise training are of
good methodological quality (PEDro scores > 6).43124135137.139-140.142
The exercise sessions were typically conducted at a frequency of
two to three times per week for a duration of 4 to 16 weeks, although a
few trials studied an exercise protocol of much longer duration (6 to 24
months).*’~*% Most trials reported beneficial effects on strength,
gait, balance and endurance. Combined exercise training has also
been shown to have benefits on slowing the progression of motor
impairments, as reflected by the change in MDS UPDRS-III scores.*° A
few trials also reported positive impacts on the non-motor impair-
ments of fatigue,'*® sleep quality,"** bone density'*® and quality of
life.*

Prevention of falls

Balance impairments are associated with falls in PD.'°° Falls are
very common among people with PD, with an incidence rate of 343
per 100,000 people, representing more than twice the risk of falls
than the reference population without PD.'**> A systematic review of
22 PD studies showed that an average of 60.5% of participants
experienced at least one fall, with 39% reporting recurrent falls.”> One
of the detrimental consequences of falls is fragility fractures. After
adjusting for potential confounders, the incidence rate of fractures
remained much greater among people with PD than their non-PD
counterparts (adjusted incidence rate ratio: 1.73), regardless of sex
and age groups.'*> The prevention of falls is thus a very important
goal of physiotherapy for PD.

A number of intervention studies used fall rate or number of
fallers as an outcome measure 5%101117137.142.144-151 The jntervention
methods included balance/gait exercises,5%11146147150 strengthening
exercises,'”® a combination of balance/gait and strengthening exer-
cises,?”142144 Taj Chi,'""! movement strategy training or exercise
program combined with fall prevention education.!>”46148.149 The
program duration showed great diversity, varying from 8 weeks to 6
months. The duration and frequency of the supervised sessions was
usually 1 to 2 hours and one to two sessions per week, respectively.
The supervised sessions were often supplemented with a home ex-
ercise program. In some studies, the participants were required to
perform the exercises unsupervised following the intervention
period;®*137145148 in other studies, home-based exercise programs
were supplemented with home visits or telephone calls.*”'*° The
meta-analysis by Shen et al'®' showed that exercise training reduced
the rate of falls (rate ratio 0.485 in the short term and 0.413 in the
long term) but not the number of fallers in the short or long term.
Influence of disease severity seems to have an important association
with the outcome after exercise training. Those who have less severe
disease (UPDRS-III scores of 23 to 28 in Chivers-Seymour et al"*” or <
26 in Canning et al'“%, or Hoehn and Yahr scale 2 to 3 in Ashburn
et al'*®) experienced a reduction of fall rate with exercise interven-
tion, while those with more severe disease had a higher fall rate after
training when compared with the control group.

Effect of physical exercise on non-motor impairments

While the effects of specific types of exercise on non-motor im-
pairments were discussed in the respective sections above, a number
of systematic reviews have attempted to synthesise the evidence
related to the effect of physical exercise training as a whole on non-
motor impairments in PD. Cusso et al showed that the effects of ex-
ercise therapy on global non-motor impairments (indicated by
UPDRS-I) and depressive symptoms were conflicting.'>? The evidence
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Figure 8. Effects of Tai Chi compared with controls on (A) Berg Balance Scale score, (B)
Functional Reach, (C) Timed Up and Go, (D) 6-minute walk test, (E) Unified Parkinson’s
Disease Rating Scale Part III (UPDRS-III) and (F) walking speed. The SMD was used in
the analysis of motor symptoms because some studies used UPDRS III, while others
used MDS UPDRS III as an outcome. See the main text section ‘Meta-analytic approach’
for further details.

related to daytime sleepiness, fatigue, apathy and sleep quality was
sparse and thus inconclusive.'””> Another systematic review by da
Silva et al'>® revealed that adapted Tango, exergames?, and treadmill
training maintained or improved cognitive function among people at
a mild or moderate stage of PD. One common feature of these in-
terventions is their substantial demand on aerobic capacity. This is
consistent with findings that moderate-intensity aerobic exercise led
to a more pronounced effect on improving global cognition among
people with mild cognitive impairment or dementia.'”*

Transcranial magnetic stimulation

Increasing research has explored the use of brain stimulation for
people with PD. One of the more investigated methods of brain
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Figure 8. (continued).

stimulation is transcranial magnetic stimulation (TMS), which uses a
magnetic stimulator that contains an insulated coil wire with a
connection to a large electrical capacitance. When a large pulse of
current runs through the coil, the rapidly changing magnetic field
generates an electrical current that has the ability to modulate
cortical excitability."”> TMS is conducted in patterns such as single
pulse, repetitive pulse and theta burst. Low-frequency (< 1.0 Hz)
repetitive TMS (rTMS) can reduce cortical excitability, while a high-
frequency protocol can increase it.'”°®!>’ On the other hand, theta
burst stimulation can be delivered intermittently or continuously. The
basic element of theta burst stimulation consists of three-pulse 50 Hz
bursts applied with an interburst interval of 200 ms.'*® In intermit-
tent TBS, which can increase cortical excitability, a train of bursts is
delivered intermittently. Continuous theta stimulation, which can
reduce cortical excitability, is the uninterrupted delivery of the bursts
for a short period of time (eg, 20 seconds)."”® Apart from its impact on
cortical excitability, rTMS can also affect the excitability of brain re-
gions that are related to the site of stimulation, probably via the
cortico-striato-thalamocortical circuitry, thus pointing to potential
utility of rTMS in improving motor performance in PD.">*160

A 2019 systematic review by Yang et al (23 studies, most with
good methodological quality) showed that high-frequency rTMS, but
not low-frequency rTMS, was effective in improving motor perfor-
mance (SMD 0.48, 95% CI 0.32 to 0.64).°! The frequency used in the
high-frequency rTMS protocol was typically between 5 and 10 Hz,
and the intensity was 80 to 110% of the resting motor threshold. The
frequency of treatment sessions varied between two sessions per day
to once a week. Multi-sessions of rTMS (typically three to ten ses-
sions) were found to have stronger effects than a single session of
treatment. The stimulation site had an impact on the outcome. High-
frequency rTMS only yielded a therapeutic effect on motor perfor-
mance when the stimulation was applied to the primary motor cortex
(M1) but not the other brain regions. In addition, bilateral M1 stim-
ulation yielded a greater treatment effect than unilateral M1 stimu-
lation. The outcome was also affected by the stimulation dosage. The
effect of high-frequency rTMS applied to M1 was stronger when
18,000 to 20,000 pulses were delivered, compared with other
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dosages. However, the medication state did not affect the magnitude
of improvement.'®!

Another systematic review by Chung et al (22 trials) examined not
only motor impairments in general (eg, UPDRS-III) but also specific
aspects of motor activities (eg, upper limb function, walking).!°> The
methodological quality of the studies varied, but more than half of
the criteria described in the Cochrane risk-of-bias checklist were
fulfilled in 10 of the 22 trials reviewed. Their results revealed that
rTMS induced improvements in: upper limb motor performance in
the short term (Hedges’ g 0.40); walking performance in the short
term (Hedges’ g 0.61) and long term (Hedges’ g 0.89) and UPDRS-III
scores in the short term (Hedges’ g 0.31) and long term (Hedges’ g
0.54). Consistent with the meta-analysis by Yang et al,'®! a stronger
effect was observed with stimulation at M1. Long-term improvement
in UPDRS-III score was also associated with a greater number of total
stimulation pulses.'®?

In a 2020 systematic review of 14 trials (13 with PEDro scores > 7),
Xie et al examined the effect of TMS specifically on gait and found
improvement in walking speed after rTMS treatment, but only when
the walking speed was assessed in the ‘on’ state.!®® In addition, the
improvement in walking speed was not retained at 1 month follow-
up. FOG and TUG were not improved with rTMS. The meta-analysis
by Goodwill et al revealed no effect of rTMS on cognition (five
studies, four with PEDro scores > 7). Overall, rTMS does show
some promise in improving motor performance, but the optimal
protocol for people with different levels of disability requires further
research.

Transcranial direct current stimulation

Another form of brain stimulation studied in PD is transcranial
direct current stimulation (tDCS), which involves the delivery of a
constant low-amplitude electric current (generally between 1 and 2
mA) via scalp electrodes. It can modulate excitability in both cortical
and subcortical brain regions.'®>'°® Anodal tDCS can increase
neuronal excitability, while cathodal tDCS can decrease it.'®> tDCS
may have relevance to the treatment of PD symptoms because anodal
tDCS can enhance extracellular dopamine levels in the striatum'®’
and inhibit GABAergic neurons.!%16°

A systematic review by Broeder et al'’® investigated the effects of
tDCS on different aspects of motor activities and cognition in PD (10
studies). Two studies (PEDro scores 7 and 8) found that anodal tDCS
over M1 reduced UPDRS-III scores compared to sham stimulation.
The other studies did not find significant results on UPDRS, but the
stimulation sites were different (dorsolateral prefrontal cortex, or a
combination of premotor cortex, prefrontal cortex and M1). Of the
seven studies (the majority with high quality, PEDro scores > 7) that
examined gait parameters, five reported beneficial effects. The results
on upper limb activity were conflicting. Of the four included studies
(the majority with high quality, PEDro scores > 7), two reported
positive effects of anodal tDCS. A more recent systematic review by
Goodwill et al'®* revealed an overall improvement of motor activity
with tDCS based on the results of nine studies (eight with PEDro
scores > 7) and the degree of improvement was similar to that
induced by rTMS.

The effects of tDCS on cognitive function was mixed. Some studies
showed that anodal tDCS applied over the dorsolateral prefrontal
cortex improved working memory'’"'”? and phononemic verbal
fluency,'”! but this was not observed in other studies.'”>!”* The sys-
tematic review by Goodwill et al'®* revealed no effect of tDCS on
cognition but the meta-analysis was based on the findings of three
studies.

In clinical practice, tDCS is often combined with other physio-
therapy interventions. Beretta et al'’> showed in their 2020 system-
atic review of randomised trials that tDCS combined with cognitive
and/or motor training may induce more pronounced treatment ef-
fects on motor performance (gait, posture, upper limb activity) and
cognition, suggesting a possible synergistic effect. However, the
methodological quality of the studies was not evaluated. Similar to
the rTMS trials, the stimulation protocol varied greatly in terms of the

number of treatment sessions, and tDCS intensity and duration. To
enhance the clinical utility of tDCS, more research is required to
identify the optimal protocols for improving different aspects of
motor performance and also the neurophysiological mechanisms
underlying the change in cortical excitability after tDCS
intervention.'®®

Telerehabilitation

Telehealth involves the use of electronic information and
telecommunication technologies to deliver healthcare services. It
is particularly relevant to patients who have limited access to
conventional face-to-face rehabilitation services for a variety of
reasons, including financial burden, lack of required services
locally, and difficulties with travel due to long distance, impaired
mobility or pandemic restrictions.”’® A 2020 systematic review
showed that telehealth interventions significantly lowered the
degree of motor impairment (UPDRS-III)."”” The interventions
were either phone-based or computer-based and involved a wide
variety of arrangements: motor monitoring using wireless sensor
technology, exercise DVD with weekly phone calls, gait training/
feedback via a smartphone application, virtual visits/care from a
remote specialist, use of a Parkinson’s tracker app that enabled
tracking of different self-monitoring measures (eg, cognition,
movement, mood) and medications, and delivery of a web-based
course.”’

Two trials directly involved the participation of physiothera-
pists.!”®179 Ginis et al'’® found that their Smartphone-delivered gait
training system led to similar improvement in gait as standard
physiotherapy after 6 weeks of training (30 minutes, three sessions
per week) and the effects were retained after another 4 weeks. Their
system also induced more gain in balance ability (mini-BESTest) than
standard physiotherapy, but the effect was not maintained at follow-
up. In a pilot study, Khalil et al'’® studied the effects of an 8-week
program that involved the home use of an exercise DVD (three
times a week, 24 sessions) and walking program (once weekly, eight
sessions). Of the 32 sessions, eight sessions within the first 4 weeks
were supervised by a physiotherapist. The participants received a
weekly phone call from the physiotherapist to check the adherence to
exercises and also to address areas of concern raised by the patients.
The intervention was found to cause a greater reduction in MDS
UPDRS-III score than usual care. The retention rate and adherence to
the above interventions were quite high, at 87 to 91% and 70 to 77%,
respectively.'”®!7® However, there is a lack of economic analysis of
these telerehabilitation interventions compared with conventional
physiotherapy.

More recently, Gandolfi et al addressed this limitation by
comparing both the therapeutic effects and cost of a home-based
telerehabilitation virtual reality balance training program with an
in-clinic sensory integration balance training regimen.'’ After
7 weeks of training (50 minutes per session, 3 days per week) that
was remotely supervised by a physiotherapist, their post-hoc
analysis showed similar improvement in balance (Berg Balance
Scale, Dynamic Gait Index), balance confidence (Activities-specific
Balance Confidence Scale) and quality of life (PDQ-8) in both
groups immediately after training and at 1-month follow-up. The
total cost per patient was €384 for the telerehabilitation, which
was considerably lower than the in-clinic intervention (€602). An
important point to note is that the caregiver was always present
during the training sessions to ensure safety. This may be a key
limitation of some telerehabilitation interventions, especially those
that require a higher degree of monitoring of performance and
safety.

Overall, while home-based telerehabilitation may be a viable
alternative to traditional face-to-face physiotherapy service delivery,
there is scarcity of research in this area. The search for innovative
methods of physiotherapy service delivery has never been so relevant
because of the current COVID-19 pandemic. More research on PD
telerehabilitation is urgently needed.
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Future directions for clinical practice and research

A clinical regimen should be selected for each patient after
consideration of the therapist time required for equipment set up and
the cost-effectiveness and sustainability of the program. As PD is
chronic and progressive in nature, patients should be equipped with
the necessary skills to perform the exercises in home-based or
community-based settings in the long run so that the therapeutic
effects can be sustained. Therefore, delivery of physiotherapy service
through telecommunication technologies should be further explored.
Considering the promising preliminary results, more efforts should be
directed towards developing innovative telerehabilitation services for
people with PD delivered by physiotherapists and evaluating their
efficacy and cost-effectiveness. The use of Qigong, yoga and respira-
tory muscle training requires further research due to the limited
evidence. Future research is also warranted to identify the optimal
exercise protocols for improving more complex walking tasks (eg,
dual tasking) and FOG. The use of rTMS and tDCS shows some
promising results, but should undergo more research to identify the
optimal protocols for different outcomes and PD subgroups. More
work is also needed to investigate the effects of different types of
exercise training on non-motor outcomes in PD.

Footnotes: * Wii Fit, Nintendo, Kyoto, Japan.

eAddenda: Figures 3, 5, 7 and 9 can be found online at https://doi.
org/10.1016/j.jphys.2021.06.004
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