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Abstract
Background: Progressive Supranuclear Palsy (PSP) is the most frequent form of atypical Parkinsonism. Although
there is preliminary evidence for the benefits of gait rehabilitation, balance training and oculomotor exercises in
PSP, the quality of reporting of exercise therapies appears mixed. The current investigation aims to evaluate the
comprehensiveness of reporting of exercise and physical activity interventions in the PSP literature.
Methods: Two independent reviewers used the Consensus on Exercise Reporting Template (CERT) to extract all
exercise intervention data from 11 studies included in a systematic review. CERT items covered: ‘what’ (materials),
‘who’ (instructor qualifications), ‘how’ (delivery), ‘where’ (location), ‘when’, ‘how much’ (dosage), ‘tailoring’ (what,
how), and ‘how well’ (fidelity) exercise delivery complied with the protocol. Each exercise item was scored ‘1’
(adequately reported) or ‘0’ (not adequately reported or unclear). The CERT score was calculated, as well as the
percentage of studies that reported each CERT item.
Results: The CERT scores ranged from 3 to 12 out of 19. No PSP studies adequately described exercise elements
that would allow exact replication of the interventions. Well-described items included exercise equipment, exercise
settings, exercise therapy scheduling, frequency and duration. Poorly described items included decision rules for
exercise progression, instructor qualifications, exercise adherence, motivation strategies, safety and adverse events
associated with exercise therapies.
Discussion: The results revealed variability in the reporting of physical therapies for people living with PSP. Future
exercise trials need to more comprehensively describe equipment, instructor qualifications, exercise and physical
activity type, dosage, setting, individual tailoring of exercises, supervision, adherence, motivation strategies,
progression decisions, safety and adverse events.
Conclusion: Although beneficial for people living with PSP, exercise and physical therapy interventions have been
inadequately reported. It is recommended that evidence-based reporting templates be utilised to comprehensively
document therapeutic exercise design, delivery and evaluation.
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Background
Progressive Supranuclear Palsy (PSP) is comparatively
rare. Nevertheless, it is the most frequent form of atypical
Parkinsonism [1–3]. The prevalence estimates range from
5 to 6 per 100,000 [4] to 18 per 100,000 [5]. Although difficult to diagnose the International Parkinson and Movement Disorders Society (MDS-PSP) clinical criteria have
provided expert guidance [6]. Given the rapid decline in
movement control, balance, and oculo-motor control in
people with PSP, exercise and physical activities may be
important to health and wellbeing [7, 8]. People with PSP
also have an increased risk of falls [7, 8]. Strength training,
gait rehabilitation, falls education and other forms of exercise and physical activity [7, 8], alongside optimal medical
management, are argued to improve quality of life for
people with this debilitating condition [7, 8].
Exercise therapy can be helpful for people with idiopathic Parkinsonism [9, 10]. Physiotherapy that includes
treadmill gait training, cueing, dance and martial arts
has benefits for gait, balance and quality of life in some
individuals [11]. In addition, progressive resistance
strength training is beneficial for gait, falls prevention
and community ambulation [12–14]. High-intensity
interval treadmill training is safe, feasible and beneficial
for motor symptoms such as gait and balance in the
early stages of idiopathic Parkinson’s disease (PD) [15].
Falls prevention interventions for PD, including progressive resistive strength training, movement strategies and
education, have shown reduced falls rates when delivered in outpatient settings [9]. In clinical settings people
living with PSP often receive an idiopathic PD exercise
and movement rehabilitation program because initial
symptoms or difficulty with function and activity limitations can appear similar [16, 17]. Whether or not this is
appropriate is open to question.
Exercises and structured physical therapies are also
thought to be beneficial for individuals living with PSP
[16–19], yet the evidence is based on a small number of
underpowered and heterogeneous studies [20]. In
addition, these studies have not used a consistent core
set of outcome measures for disability, falls, movement
disorders, wellbeing and quality of life [20]. Some balance, gaze and gait variables have been measured although they have not been reported in a consistent
manner [20]. There is preliminary evidence in small observational studies for the benefits of oculomotor exercises for balance and walking speed in PSP [21, 22]. Gait
training and cueing have demonstrated benefits for balance, reduced falls and quality of life [23–26]. For findings to be understood, and to inform components for
future PSP trials, it is important to report how exercises
are designed, delivered and evaluated.
Best practice for exercise, rehabilitation and physical
activity programs is to use an evidence-based reporting
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template to detail the exercise type, content, setting, instructor qualifications and skills, exercise equipment,
dosage, progression decision rules, and motivation and
adherence strategies to be used by patients and therapists [27–30]. For exercise programs to be safely and effectively translated into clinical practice, several
important intervention elements need to be described
[28, 29]. The Consensus on Exercise Reporting Template
(CERT) provides a framework for reporting these elements [28–30]. The template affords a standardised
method for exercise data extraction across a range of
study designs. It assists readers, peer-reviewers and editors with the appraisal of exercise reporting quality and
reporting of the content of exercise programs [28]. The
template can also guide exercise protocol development
and the structuring of recommendations for clinical implementation [28].
The aim of the current investigation is to evaluate the
comprehensiveness of reporting of exercise and physical
activity interventions reported in the PSP literature.

Materials and methods
Systematic review

As a first step in this analysis we conducted a systematic
review of exercise and physical activity interventions for
people with PSP. This has been reported in detail elsewhere [20] and is summarised as follows. The protocol
was pre-registered on PROSPERO (CRD42018103845)
(https://www.crd.york.ac.uk/prospero), methods followed
Cochrane guidelines [31] and reporting followed Preferred Reporting Items for Systematic review and MetaAnalysis (PRISMA) guidance [32, 33]. Two reviewers
independently conducted all of the review stages and
agreement was reached by discussion and research team
consensus. English language, peer-reviewed published
studies of any design, and conducted in any setting, were
eligible for inclusion. Nine electronic databases were
searched until August 18, 2019 using terms such as exercise, physical activity, rehabilitation, and synonyms for
PSP. Reference lists were searched and content experts
were consulted.
CERT data extraction and analysis of exercise
interventions

Two reviewers (SCS and MEM) independently extracted
all exercise intervention component data from the included studies by using the 16-item CERT checklist [27].
CERT items span the following domains: ‘what’ (materials), ‘who’ (instructor qualifications), ‘how’ (delivery),
‘where’ (location), ‘when’, ‘how much’ (dosage), ‘tailoring’
(what, how), and ‘how well’ (fidelity). The CERT Explanation and Elaboration statement [29] provided further
guidance. If information was missing, one reviewer (SCS)
searched for, and retrieved, any published protocols,
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online appendices and supplementary data for additional
data extraction. Each item was scored ‘1’ (adequately reported) or ‘0’ (not adequately reported or unclear), and a
score out of a total of 19 was calculated. The independently extracted data were examined for consistency and
any discrepancies were resolved through discussion between the reviewers.
Intervention content was summarised in table format
under headings such as study design and sample size,
setting, type of exercise and mode of delivery, program
duration and dosage. The quality and comprehensiveness of reporting were analysed and presented using the
example of McGregor et al. [34]. The CERT score (with
a possible total of 19) and the number (and percentage)
of studies that reported each CERT item were calculated,
summarised in narrative form and reported graphically.
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to five sessions per week and the intervention duration
ranged from four to 8 weeks. A decision rule by which to
determine the starting level and exercise progression, occurrence and type of exercise-related adverse events and fidelity of the actual intervention to the planned intervention
were rarely described. The comprehensiveness of reporting
for each of the CERT items is summarised under abbreviated headings in the following text.
Item 1: description of exercise equipment

The equipment was described in detail in 10/11 (91%) of
studies and included brands and models. For example,
photographs of bodyweight-supported treadmills [35],
elliptical trainers [36] and audio biofeedback [24] provided clarity.
Item 2: investigator qualifications

Results
Systematic review

The results of the systematic review have been reported
in detail elsewhere [20] and are summarised as follows.
There were 11 included studies, with an overall total of
99 participants [21–26, 35–39]. All studies were assessed
as having a moderate to high risk of bias. Study designs
included randomised/quasi-randomised controlled trials,
quasi-experimental studies, cohort and case studies. The
intervention characteristics are described in Table 1.
Intervention effects were typically small to moderate or
not statistically significant. There was preliminary evidence that treadmill training with harness support,
auditory-cued motor training and robot-assisted gait rehabilitation might be helpful for some people in the
early stages of PSP [20]. The systematic review found insufficient evidence of benefits of movement rehabilitation in the advanced stages of PSP [20]. It also remains
unclear whether therapeutic exercises shown to be effective for people living with idiopathic Parkinson’s disease benefits those with PSP [20].
CERT data extraction and data analysis

The CERT items reported for each study are summarised in Table 2. The CERT scores ranged from three
to 12 out of a possible 19 points (Fig. 1). None of the included studies adequately described the minimum number of elements considered by the CERT panel to enable
replication; either, clinically, or in research (Fig. 2). The
authors of one study provided additional online data
with an intervention description [23]. We did not find
any published protocol papers.
The well-described items included the equipment (such
as treadmills, weighted vests and virtual gaming), setting (in
home or at movement disorders clinics and hospital outpatient departments). The session durations ranged from
20 to 60 min, the intervention frequency ranged from two

The specific medical or allied health discipline was reported
in 3/11 (27%) of studies [21, 23, 26]. The level of postgraduate education, years of experience in movement disorders rehabilitation and the use of intervention training
programs and manuals were not described in any report.
Item 3: individual or group exercise

While often not specifically described, it was evident from
the single case study design [24, 35–38] and case series investigations [26] that some exercise interventions were
performed individually (7/11 (64%)). The RCTs were inconsistent with reported individual or group administration [21, 22] and unreported mode of delivery [23].
Item 4: supervision

The type of supervision was reported in 7/11 (64%) studies however this was of limited detail. Nicolai 2010 reported 1:1 supervision and Wittwer et al. reported
individual home visits by a physiotherapist [24, 26].
Complex equipment [23, 25, 35, 36, 39] was assumed by
the reviewers to require supervision at a clinic. The
home-based programs did not report the levels of supervision required by a therapist or care-giver [26, 37, 38].
Item 5: exercise adherence

Measurement of adherence to the exercise or physical
therapy program was reported in only 3/11 (27%) studies
[26, 35, 38]. The way in which adherence was measured,
such as exercise diaries, was not reported either a priori
in the methods or by confirmation in the results.
Item 6: motivation strategies

Motivation strategies, such as goal setting, positive
reinforcement, attendance at support groups or telecoaching were not explicitly reported in any publications. However, visual and auditory cues were reported
in 5/11 (45%) studies [21, 23, 26, 35, 37]. A virtual reality
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Table 1 Intervention characteristics
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Table 2 Study reporting of each CERT item
CERT item

Clerici
2017

Di Pancrazio Irons
2013
2015

Nicolai
2010

Sale
2014

Seamon
2017

Suteerawattanon
2002

Wallace
2013

Wittwer
2019

Zampieri
2008

Zampieri
2009

1. Equipment

✓

✓

✓

✓

✓

✓

✓

X

✓

✓

✓

2. Qualifications

✓

X

X

X

X

X

X

X

✓

✓

X

3. Individual/Group

X

X

✓

X

X

✓

✓

✓

✓

✓

✓

4. Supervision

✓

X

X

X

X

✓

✓

✓

✓

✓

✓

5. Adherence

X

X

X

X

X

X

✓

✓

✓

X

X

6. Motivation

✓

X

X

X

X

✓

✓

X

✓

✓

X

7a. Progression rule

X

X

✓

X

X

✓

X

X

X

X

X

7b. Progression
described

✓

X

✓

✓

✓

✓

✓

X

X

✓

X

8. Exercise detail

X

X

X

✓

✓

✓

✓

X

✓

✓

✓

9. Home program

X

X

X

X

X

✓

X

✓

✓

X

X

10. Non-exercise
components

✓

X

X

X

X

X

X

X

✓

X

X

11. Adverse events

X

X

X

✓

X

X

X

X

X

X

X

12. Setting

X

✓

✓

✓

✓

✓

X

✓

✓

✓

✓

13. Intervention
described

✓

✓

X

✓

✓

✓

✓

✓

✓

✓

✓

14a. Generic/tailored X

X

X

✓

X

✓

✓

X

X

✓

✓

14b.Tailoring
method

X

X

✓

✓

X

X

X

X

X

X

✓

15. Starting level

✓

X

✓

X

✓

X

✓

X

✓

X

X

16a. Fidelity
measure

X

X

X

X

X

X

X

X

X

X

X

16b. Fidelity
described

X

X

X

X

✓

X

X

X

X

X

X

✓ reported CERT item, X did not report CERT item

gaming environment was selected as a specific motivational tool [37]. Auditory and visual cueing could be
considered as a motivational strategy or a motor control
technique. Nevertheless, a more comprehensive description of the cues would assist with replication.

Item 9: additional home program

Item 7a: exercise progression

Item 10: non-exercise components

A priori decision rules for program progression were not
well reported (2/11, 18% of studies) [36, 37]. That the interventions were progressed was reported in 7/11 (64%)
studies [14, 23–25, 35–37]. Progression was generally informed by subjective assessment rather than by a validated measurement scale.

Non-exercise components such as environmental modifications, education about the condition and selfmanagement such as speech and swallowing strategies
were reported in only 2/11 (18%) of the studies [23, 26].

Item 8: detailed exercise description

The exercises or activities were reported in detail in 7/
11 (64%) of the studies [21, 22, 24–26, 35, 37]. In the
existing literature, several trials included treadmill walking and needed little extra detail. However, when exercises included gait, motor performance, balance training
or functional activities there was generally a lack of
detailed description.

Additional home-based or community-based activities
or therapies were reported in 3/11 (27%) of the studies [26, 37, 38]. However explicit detail, that could explain any confounding effects, were not provided.

Item 11: risks and adverse events

The presence of exercise-related adverse events was reported in only 1/11 (9%) study [25]. The absence of adverse events reporting is of concern because people
living with a diagnosis of PSP can have falls risks, comorbidities, pain, immobility and cognitive impairment.
Item 12: environment and setting

The exercise setting was well described in 9/11 (82%) of
the studies. These included home-based interventions
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Fig. 1 Consensus on Exercise Reporting Template applied to included studies

[26, 37, 38], movement disorders clinics and hospital
outpatient departments [23–25, 36, 39] and research laboratories [21, 22, 35].

8 weeks duration and delivered two to three times per
week. One study was of unreported duration [38].

Item 13: intervention details

Item 14: generic exercises or personalised to individual
needs

The frequency and duration of the interventions was
well described in 10/11 (91%) studies. Most were of 4 to

It was unclear, even with the small sample sizes such as single case studies, that there was tailoring to meet individual

Fig. 2 Reporting quality of exercise interventions as assessed with the Consensus on Exercise Reporting Template (CERT)
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needs and capabilities in all of the studies. This was explicitly stated in 5/11 (45%) studies [21, 22, 24, 35, 37]. The
method for tailoring to the individual was reported in 3/11
(27%) studies [22, 24, 36].
Item 15: intervention starting level

Testing of pre-study participant physical capability, such
as gait speed and quality, was reported in 5/11 (45%)
studies [23, 25, 26, 35, 36]. The stage of disease progression and weight-bearing and balance capacity were not
always documented.
Item 16: intervention delivered as planned

Deviations from the planned intervention can occur in
practice and may influence the observed effect. None of
the studies reported how investigator adherence to the
research protocol was measured 0/11 (0%). One study
(9%) provided an online a priori protocol and reported
that the intervention was delivered as planned [23].

Discussion
This analysis highlights the need for explicit reporting of
therapeutic exercises and structured physical activities in
PSP studies. This would enable more rigorous evaluation
of the outcomes of exercises and physical activities for
people with neurological conditions such as atypical Parkinsonism. People with PSP, as with those who have
idiopathic PD, need access to evidence-based therapies
that are personalised to their individual needs. This in
turn relies upon clinicians having access to clearly reported findings that describe all key dimensions of exercise and physical therapy.
The data extraction and analysis identified some welldescribed exercise program elements in the existing PSP
literature. These included the exercise equipment, the
setting and the intervention frequencies and durations.
The less well described items were the investigator qualifications and training, a priori methods for intervention
dosage and progression, tailoring exercises to individual
needs, motivation and adherence strategies and nonexercise components, such as cueing, patient education
and self-management. The poorly reported items were
exercise-related adverse events and the fidelity of implementation of the planned exercise protocols.
The less well-described items may be elaborated by
the following additional information. A statement of the
instructor expertise and any intervention-specific training would indicate whether additional expertise is required. Exercise progression can be guided by measures
such as the Borg Rating of Perceived Exertion Scale [40].
Adherence to exercises can be recorded in exercise diaries as attendance or actual performance i.e. number of
exercise repetitions. Motivation strategies to encourage
persistence with exercises can include interventions such
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as goal setting with input from the patient and carers,
positive feedback about performance by using, for example, quantifiable data from outcome measures such as
function, quality of life, gait quality and speed [41, 42],
motivational interviewing [43] and ‘patient contracts’
such as written agreements about perceived ability, goals
and preferred outcomes [44].
The types of interventions included in our PSP systematic review often used complex equipment at a
movement disorders clinic or hospital outpatient department. Very few described home based programs or easily
accessible equipment that could be used in the community. The benefits of physical activity and strength training are well established for general health and well-being
in older adults [45, 46]. It was surprising that basic
forms of exercise such as progressive resistive strength
training, gym activities, walking programs, cycling or
aquatic therapy and falls prevention education programs
have not been reported in the PSP literature.
There were some limitations of this analysis. Firstly, it
was derived from a recent systematic review in which
only 11 studies, with only 99 participants in total, met
the eligibility criteria. Whether those studies reflect contemporary clinical practice is unknown. For the current
analysis, rigorous methods were used to identify research
reports and assess the reporting quality in the included
studies. A CERT Explanation and Elaboration Statement
that provides guidance specifically for complex neurological rehabilitation could be explored and designed
with input from a panel of experts.
For future research, it is important to design interventions that have a comprehensive and explicit protocol
that can be replicated. Greater use of online supplemental materials now provided by academic and clinically
orientated journals is one method of including additional
detail. Journal editors and peer reviewers play an integral
role in ensuring that exercise, rehabilitation, physical activity and physical therapy research is complete and detailed. Researchers are urged to include qualitative
methods in research design for exploration of individual
preferences and capabilities that would inform intervention design.

Conclusion
Although exercises may have the potential to benefit
people living with PSP [20], currently there are few studies
that adequately report all key elements of exercise therapy
design, implementation and assessment. Overall, explicit
reporting of exercise interventions for PSP was found to
be problematic within the existing movement disorders
literature, making interventions difficult to replicate. It is
recommended that future trials use methods such as the
CERT to provide a comprehensive description of exercise
and physical activity interventions. Journal and editorial
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policies are also recommended to encourage adherence to
reporting guidelines and standards.
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