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Abstract

Objective: To conduct a systematic review to evaluate exercise and structured physical activity for
people living with Progressive Supranuclear Palsy.

Data sources: AMED, CINAHL, Cochrane, EMBASE, Informit, MEDLINE, PEDro, PsycINFO, PubMed
and SportDiscus were searched until 18 August 2019. Reference lists of included studies were hand-
searched.

Methods: Cochrane guidelines informed review methods. English language peer-reviewed studies of
any design, in any setting, were included. Method quality was appraised with the Physiotherapy Evidence
Database scale and Joanna Briggs Institute instruments. Data were extracted for study design, sample
characteristics and therapy content. Effectiveness was calculated where possible.

Results: Eleven studies were included. Method appraisal showed moderate to high risk of bias. Research
designs included three randomized controlled trials, two quasi-experimental studies, one cohort study,
four case studies and one case series. Sample sizes ranged from | to 24. Exercise interventions included
supported and robot-assisted gait training, gaze training, balance re-education and auditory-cued motor
training. Dosage ranged from two to five sessions per week over four to eight weeks. End-of-intervention
effect sizes were small (6-minute walk test: —0.07; 95% confidence interval (Cl): —0.87, 0.73) to moderate
(balance: —0.61; 95% Cl: —1.40, 0.23; Timed Up and Go: 0.42; 95% Cl: —0.49, 1.33) and statistically non-
significant. Function, quality of life and adverse events were inconsistently reported.

Conclusions: For people with Progressive Supranuclear Palsy, robust evidence was not found for
therapeutic exercises. Reported improvements in walking were derived from two clinical trials. The effects
of structured physical activity for people with advanced Progressive Supranuclear Palsy are not known.
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Introduction

Progressive Supranuclear Palsy is a debilitating and
rapidly progressing form of atypical Parkinson’s
disease.!* Although diagnosis can be difficult, the
International Parkinson and Movement Disorder
Society (MDS-PSP) clinical criteria have provided
expert guidance and increased the diagnostic sensi-
tivity and specificity.>7 Reports have emerged that
physiotherapy, some forms of exercise and high-
intensity physical activities might be of benefit for
people with Progressive Supranuclear Palsy.® For
idiopathic Parkinson’s disease, high-dosage sus-
tained exercises and select movement strategies
appear to be beneficial in the short term.>-16 In the
early stages of disease progression, therapeutic
exercises can improve mobility!72! and prevent
falls.!>13 There is also growing evidence that exer-
cise can modify disease progression in early
Parkinson’s disease.!>1® Whether the same applies
to Progressive Supranuclear Palsy remains open to
question.8

For Progressive Supranuclear Palsy, the litera-
ture on exercise, movement rehabilitation and
physical activity is fragmented and lacks a theoreti-
cal framework.?224 This possibly relates to the dif-
ficulties associated with diagnostic certainty of this
neurological condition.?> There is a need to define
the optimal content, dosage and scheduling of
exercises, physical activities and physical therapies
for people living with Progressive Supranuclear
Palsy. The feasibility, effectiveness, efficacy and
economic costs of therapeutic exercises also need
clarification. As a first step to defining optimal
therapy for Progressive Supranuclear Palsy, it is
informative to review the published literature.

There was one systematic review on Progressive
Supranuclear Palsy that searched databases up
until 2014,22:23 and a narrative review that searched
up until 2017.2* The authors reported preliminary
evidence that physiotherapy rehabilitation pro-
grammes, including supported treadmill training

and balance exercises, may be beneficial for qual-
ity of life and falls reduction. Further research
with appropriate statistical methods, larger sample
sizes and longer follow-up times were advised
before clinical practice recommendations could be
made.??-24 In addition, these prior reviews did not
include comprehensive risk of bias assessments,
method quality assessments or quantitative data
analysis. An updated systematic review and meta-
analysis of the contemporary literature is needed,
and will inform the delivery of therapeutic exer-
cises, physiotherapy and structured physical activ-
ities for people living with Progressive Supranuclear
Palsy.

To address this gap, the overall aims are to (1)
critically evaluate the literature on exercise, move-
ment rehabilitation, physiotherapy and structured
physical activity for people living with Progressive
Supranuclear Palsy and (2) make recommenda-
tions for the design of exercise programmes and
future trials for people living with this rapidly dete-
riorating neurological condition.

Method

The review protocol was registered on the
International Prospective Register of Systematic
Reviews (PROSPERO: CRD42018103845).26 The
review methods were informed by Cochrane guide-
lines.?” The review is reported according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.?3-2°

The eligibility criteria form that was applied to
each study is listed in Supplemental Appendix 1.
Studies were included if they were on Progressive
Supranuclear Palsy, peer-reviewed in English lan-
guage, and available in full text. They could be of
any design and conducted in any setting. Studies
were included if participants were adults who were
stated to have a primary diagnosis of probable or
possible Progressive Supranuclear Palsy or where
the international criteria were applied.?® The
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interventions could include exercise, physical
activity, physical therapies, physiotherapy, move-
ment strategies, therapeutic movement, gait, mobil-
ity, compensatory strategies, dance, music-cued
exercise, rehabilitation and movement rehabilita-
tion. For inclusion, studies had to report data meas-
ured at baseline, together with data obtained within
or following the therapy intervention period. The
trial reports needed to include quantitative raw data
enabling statistical analysis. Trials/studies that
reported raw data or statistics relating to movement
disorders and non-motor disorders, impairments,
disability, overall health, well-being, quality of
life, and social, vocational, leisure and community
engagement were included.

A three-step search strategy was used to identify
possible studies from international electronic data-
bases. The initial search consisted of nine electronic
databases from inception up until 18 August 2019:
AMED, CINAHL, Cochrane, EMBASE, Informit,
MEDLINE, PEDro, PsycINFO, PubMed and
SportDiscus by title and abstract with PSP syno-
nyms. The second search used all identified key-
words and index terms. The third was a hand-search
of reference lists of the included studies, and cita-
tion tracking and consultation with content experts
to identify additional papers. The search used key
search terms that included the target condition and
target interventions. The MEDLINE search strategy
is included in Supplemental Appendix 2. The
MEDLINE strategy was adapted to the other data-
bases, and these are available from the first author
on request.

Findings from the search were transferred into a
bibliographic database. Following deletion of
duplicate titles, one reviewer (S.C.S.) screened
each title using previously determined eligibility
criteria. Two researchers (S.C.S. and M.E.M.) then
independently screened the remaining abstracts
and then read the full text to identify studies that
fulfilled the eligibility criteria. Agreement was
reached by discussion without the need of an inde-
pendent arbiter.

Two reviewers (S.C.S. and M.E.M.) indepen-
dently evaluated the eligible studies for method
quality and reached consensus by discussion with-
out a third reviewer/arbiter. The Physiotherapy

Evidence Database (PEDro) scale3?3! was used for
randomized or quasi-randomized controlled trials.
We selected a valid instrument for other study
designs (non-randomized experimental studies)
such as case studies from the Joanna Briggs Institute
Critical Appraisal Tools database3? (Supplemental
Appendix 3). The reviewers then assigned a risk of
bias as low, medium or high according to the scor-
ing matrix of each instrument.

Two independent reviewers (S.C.S. and
M.E.M.) extracted data into a pre-tested standard-
ized data spreadsheet. For studies that included
exercise, physiotherapy or rehabilitation, the
Consensus on Exercise Reporting Template
(CERT) was used to determine the exercise pro-
gramme details.333* The CERT is an internation-
ally endorsed reporting guideline designed
specifically for exercise interventions. The inde-
pendently extracted data were merged and checked
for accuracy. Disagreements and discrepancies
were discussed to reach agreement.

Data that were descriptive, textual, nominal,
categorical (including dichotomous and other),
ordinal, ratio or metric (continuous) in nature and
pertained to patients, caregivers, professionals, the
health system, economic outcomes and other out-
comes were extracted. Summary statistics were
used for all data. For the categorical data, the rela-
tive risks and the odds ratios, with 95% confidence
intervals (ClIs), were calculated if possible. For
continuous data, mean difference scores with 95%
CIs were calculated if included studies used identi-
cal outcome measurement tools for like outcomes.

Continuous outcome data were also analysed
using the standardized mean difference if studies
reported the same outcome yet with alternative
measurement tools (e.g. for pain, disability or
quality of life). Meta-analysis was performed
when quantitative data could be pooled and was
considered appropriate. Where pooling of data
was not possible, the findings were described in
a narrative format. In the absence of statistical
data, a narrative, thematic or content analysis of
the results occurred. The corresponding authors
of each study were contacted to obtain the rele-
vant data when it was not reported. If missing
data could not be obtained, an imputation method
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Figure |. PRISMA flowchart for inclusion into the review.

was considered.?’”When there were insufficient
data to enter into meta-analysis, even after con-
tacting the authors, the results were reported
qualitatively.?*

The overall quality of evidence for each out-
come was determined by the Grading of
Recommendations Assessment, Development and
Evaluation (GRADE) approach and the GRADE
guidelines.?3¢ Factors that can reduce the quality
of evidence include study type and risk of bias,
inconsistency of results, lack of generalizability,
imprecise data and other reporting bias. The

GRADEDpro calculator was used to generate sum-
mary tables.37

Results

The results are presented in text format, with a
flowchart, summary tables, statistical analysis and
narrative summaries. From a yield of 7415 titles,
finally 11 studies were included?$8 (Supplemental
Appendix 4). Figure 1 contains a PRISMA-
compliant flowchart of search results and selection
into the review. The final excluded studies and
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reasons for their exclusion are listed in Supplemental
Appendix 5. The two independent reviewers were
able to reach consensus at all stages of the selection
process without arbitration from the third reviewer.
Meta-analysis could not be conducted due to data
heterogeneity. Subgroup analysis was not per-
formed due to lack of data.

Method quality appraisal indicated that the risk
of bias was low,$* medium?8424547 and high39-41.46
(Supplemental Table S1). Study designs included
three randomized controlled and quasi-randomized
controlled trials,3¥40 two quasi-experimental stud-
ies,** one cohort study,*! four case studies*>43-46:48
and one case series.*’ The study designs, small
sample sizes and method quality appraisals demon-
strated that the elements of chance were generally
not well controlled for in the reported results
(Supplemental Table S2). The sources of bias
included sampling, selection, performance and
measurement biases.

The sample sizes ranged from 1 to 24 people
diagnosed with Progressive Supranuclear Palsy.
The interventions consisted of treadmill train-
ing, 38414248 robot-assisted walking, 3844 balance
training,*4% virtual gaming® and auditory cue-
ing.*347 Frequency of therapy ranged from two to
five sessions per week, and intervention duration
from four to eight weeks. Outcome measures were
predominantly related to locomotion and postural
stability, which are prominent in Progressive
Supranuclear Palsy. Motor and non-motor func-
tions were inconsistently reported. Medications,
comorbidities, adverse events, quality-of-life func-
tion, disability and burden of disease or care were
usually not reported (Supplemental Table S2).
Details of the intervention elements were extracted
using the CERT and will be reported in a subse-
quent publication.

The corresponding authors of the studies with
missing data were contacted for these data via the
email details provided in the published reports,
and one author responded.’® Imputations were
made from the graphs presented in the published
manuscripts, and effects were then estimated.3%40
Where means and standard deviations were pro-
vided, or could be calculated or retrieved from the
study results,*147 between-groups analyses were

conducted with an effect size calculator.%
Intervention effects were typically small to mod-
erate on outcomes that included balance and gait
and were statistically non-significant. Immediate
post-intervention outcomes were always meas-
ured; short-term follow-up was measured in three
trials,*-43 but there were no data on medium- to
long-term effects. The overall absence of raw data
and measurement precision resulted in less than
definitive estimations of effect. The results from
data analyses are presented in Table 1.

The overall quality of evidence was appraised
and presented in Supplemental Table S3. There
was heterogeneity of the variables and outcome
measurement instruments and the interventions
that were tested. The sample sizes were small
(ranged from 1 to 24) and resulted in underpow-
ered studies. Study designs generally did not con-
trol for risk of bias.

Discussion

This systematic review showed the existing litera-
ture on exercise, physical therapies, movement
rehabilitation and physical activity for people with
Progressive Supranuclear Palsy to lack methodo-
logical rigour and statistical power. This concurs
with the findings of two previous reviews. Also,
the therapeutic exercises used in the included stud-
ies may not represent the full range of interventions
and assessment methods available in contemporary
clinical practice such as progressive resistive
strength training, movement strategies or commu-
nity walking. The interventions were not informed
by progressive resistance exercise or physical
activity principles recommended by the American
College of Sports Medicine Position Stands.30->2
The interventions also did not appear to utilize
international clinical practice guidelines for
Parkinson’s disease.’® The exercise therapies were
not reported to be augmented by motivation and
adherence strategies, and guidance was not pro-
vided for intervention progression. Many of the
interventions in the reviewed studies used com-
plex, research clinic-based equipment rather than
easy-to-access exercise equipment that is available
to most people. The latter highlights a problem for
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translation into clinical practice and implementa-
tion at the community level.

The small sample sizes, low statistical power
and comparatively low methodological rigour
introduce risk of bias and limit believability of the
results of the included trials. Due to the frequent
absence of control groups, inability to pool data
and the low method quality, caution is advised
when interpreting the GRADE recommendations.
It is recommended that readers consider the inter-
ventions at the individual study level. No multisite
or intercountry trials were reported. No replication
studies were evident.

Several investigations used therapies that were
designed for individuals with idiopathic Parkinson’s
disease or stroke. These therapies included music
cueing,*347 balance and eye movement training,3%:40
harness-supported  treadmill  training,3841:42.48
weighted vests during ambulation,* virtual reality
and gaming® and robot-assisted gait training.3844
Of these, balance exercise’®* and gait train-
ing3841:42-4448 indicated potential benefit and
music-cued walking demonstrated participant sat-
isfaction with this model of care.*’

The review confirmed the need for a core set of
outcome measures to evaluate effects of exercise in
people living with Progressive Supranuclear Palsy.
A minimum core set of three outcome measures
has been recommended for use in Progressive
Supranuclear Palsy research. These are the Clinical
Rating Scale for PSP, the Unified Parkinson’s
Disease Rating Scale and the Frontal Assessment
Battery.* Seven additional scales are desirable:
Natural History and Neuroprotection in Parkinson
Plus Syndromes—Parkinson Plus Scale,
Supranuclear Palsy Quality of Life scale,
Neuropsychiatric Inventory, Mini-Mental State
Examination, Dementia Rating Scale, Modified
Hoehn & Yahr Scale and EuroQol generic health
index.>* Only a few of these measures were used in
the reviewed literature. The overall inconsistency
of tested variables suggested that a more compre-
hensive core set of outcome measures could be
developed to include, for example, movement dis-
orders, gait, balance, falls, function, burden of care,
and non-motor symptoms such as fatigue, anxiety
and cognitive impairment. Adverse events were

seldom mentioned, and it is not possible to state
whether they were not reported or did not occur.

This systematic review highlighted that clini-
cians and people living with a diagnosis of
Progressive Supranuclear Palsy may have diffi-
culty in determining the content and dosage of an
exercise programme for outcomes including
strengthening, falls prevention, gait training, move-
ment rehabilitation and participation in activities of
daily living. There was no evidence of considera-
tion of personal preferences in exercise and activity
prescription. The strengths of this review were the
inclusion of a comprehensive search of the litera-
ture and application of rigorous literature review
methods. The limitation was an inability to review
literature in languages other than English and ini-
tial title screening by one author.

The review findings reinforce the recommenda-
tions of two previous reviews that future research
will require large scale, well-controlled rand-
omized controlled trials evaluating the outcomes of
different Progressive Supranuclear Palsy—specific
physical therapies on movement disorders, bal-
ance, falls, ambulation, oculomotor function, cog-
nition, well-being and life quality. The challenges
will be recruitment and the need for a consortium
or international collaboration to increase the sam-
ple size to provide robust statistical evidence.

Whether progressive resistance strength training
is beneficial for people with Progressive
Supranuclear Palsy has not been reported, even
though it has strong evidence of benefit in other
chronic neurological conditions such as stroke,>>
multiple sclerosis,”’ traumatic brain injury>® and
Parkinson’s disease.!%2! The effectiveness of falls
education for people with Progressive Supranuclear
Palsy, and their caregivers, has not been documented
despite established benefit for people living with
Parkinson’s disease.!%1320 T jkewise, there is also a
need for randomized controlled trials that systemati-
cally evaluate the effects of auditory and visual cues
on movement and the performance of structured
physical activities for people with Progressive
Supranuclear Palsy. Whether or not walking pro-
grammes, aquatic therapy and cycling are beneficial
in Progressive Supranuclear Palsy is not known. In a
similar manner, there is a need to understand if
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complementary therapies such as music therapy,
dancing, boxing, tai chi, Pilates and yoga are help-
ful. Future trials need to control for Progressive
Supranuclear Palsy medications and stage of disease
progression when evaluating the relative benefits of
exercise therapies as well as explore the facilitators
and barriers to activity engagement.

For individuals in the early stages of Progressive
Supranuclear Palsy, conclusive evidence was not
found to demonstrate strong or sustained effects of
therapeutic exercises. Some gains in walking speed
and quality were associated with music-cued
movement rehabilitation, weight-supported tread-
mill training and robotic gait training, yet support-
ing data were derived from only two clinical trials.
The important elements of exercise and physical
activity programmes for people with Progressive
Supranuclear Palsy at all levels of disease severity
cannot be derived from the current published litera-
ture. Whether exercises demonstrated to be effec-
tive for people living with idiopathic Parkinson’s
disease generalize to those with Progressive
Supranuclear Palsy also awaits verification.

Clinical messages

e  Weight-supported treadmill training,
music-cued movement rehabilitation
and robotic-assisted gait training may
be beneficial early in Progressive
Supranuclear Palsy.

e There is insufficient evidence to know
benefits in advanced PSP or whether
therapeutic exercises designed for peo-
ple living with idiopathic Parkinson’s
disease benefit those with Progressive
Supranuclear Palsy.
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