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Aim: Physical therapy and exercise are considered essential components in the management of Parkin-
son’s disease (PD). Using our retrospective data and years of experience in assigning persons with PD to
multilevel group classes we propose a two-part physical therapy decision-making tool consisting of partic-
ipant and exercise program considerations. Methods: Retrospective medical record review and therapist
consensus identified evaluation considerations determined to aide clinical decision-making. The ability of
these variables (i.e., demographics, clinical characteristics, clinical measures cut-offs) to predict the class
assignment decision of PD-specialized physical therapists was evaluated using discriminant function anal-
ysis. Results: Therapist-assigned groups differed significantly on all clinical measures (p < 0.001) which
provided the categorical data required for discriminant analysis. Using all variables, the discriminant func-
tion analysis predicted class assignment of the therapists with 79% agreement. Conclusion: This proposed
tool provides a framework that may guide the process for increasing access to multilevel group classes.
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Background
Physical therapy and exercise are now considered an essential component in the management of Parkinson’s disease
(PD), complementary to pharmaceutical and surgical approaches [1,2]. Studies support that habitual exercisers may
have better function and quality of life and slower disease progression [3,4]. This is supported by multiple reviews and
meta-analyses [5–9], physical therapy guidelines [10,11] and consensus statements by the scientific community [12–16].
Unfortunately, only 34% of persons with PD (PwP) are prescribed medication or physical therapy at diagnosis or
within the first year [17]. This lost opportunity occurs at the time exercise in early onset PD has been shown to
reduce symptoms [18], improve postural control and dopamine signaling [4,19], upregulate neurotrophic factors [20]

and enhance learning capacity [21]. In addition, optimal dopaminergic medication may further enhance functional
gains from exercise [16,22,23] and increase the ability and motivation to exercise [24]. Combined with low activity
levels [25], apathy [26] and stigma as early features of PD [27], this opportunity quickly dissipates into a negative
cycle of isolation [27,28], reduced QoL [29] and faster disease progression [30]. To optimize the PwP’s social and
emotional well-being and ability to fully participate in exercise and life [31], early and ongoing person-centered care
is necessary [32].

The challenge to healthcare professionals is how to deliver rehabilitation and community exercise resources if we
expect PwP to exercise and remain as physically active as possible for the long-term, starting at diagnosis [14,33,34].
Physical therapy and exercise are often used interchangeably, and while both contribute to daily physical activity,
they each offer unique and potentially additive benefits [23,35–38]. While the benefits of either physical therapy or
exercise quickly disappear (3–6 months), recent reviews suggest that benefits may be extended with longer training
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periods, intermittent therapy bouts, tapered supervision or sustained practice [16,39–41]. Since lifelong ongoing
physical therapy is not an option, we propose that the integration of rehabilitation goals (e.g., functional skill
training) with community exercise resources offers one solution for providing sustained practice that may optimize
retention of functional benefits gained in therapy [16,22,23,36,37,39–46]. In addition, community exercise may be
complementary to individual therapy programs, enhancing fitness, social-emotional well-being and improving
self-efficacy, motivation and nonmotor symptoms [35,45–48].

Recently, there has been a proliferation of community exercise programs with varied evidence, expertise and
focus [49,50]. Evidence is emerging to support many different nonconventional programs which may include
boxing [51], aquatics [52], Nordic walking [53,54], dance [55], Tai Chi [56–58] and yoga [59,60]. However, the level of
instructor expertise related to safe and effective exercise instruction for people with a progressive neurodegenerative
disease, and the specificity of training directed at PD symptoms or impairments underlying functional mobility is
either not known or limited [49]. It is also not known how community group exercise instructors can adequately
challenge PwP physically or cognitively in large classes with varied age, fitness and comorbidities, complex and
often worsening sensorimotor, autonomic, attention and executive function symptoms, and high fall risk (even
when newly diagnosed) [49,61–63]. We propose that physical therapists who network with community exercise
instructors to integrate personalized rehabilitation goals and concerns, coordinate referrals and stratify PwP into
more homogenous group exercise classes may extend and enhance benefits from therapy, reduce the rate of functional
decline in PwP, improve long-term compliance and limit injury.

We are unaware of any comprehensive screening guidelines to best stratify PwP into multilevel group classes with
similar functional level within each class. Some community programs may use Hoehn and Yahr (H&Y) stages [64],
ask participants to self-select their group by categories (easy, moderate, vigorous) or allow instructors to screen
and identify community walkers or individuals with fall risk choosing from a variety of fitness tools (e.g., physical
activity readiness questionnaire [65]) and norms (e.g., gait speed). While these criteria may be adequate for exercise
programming for the older adult, they may not necessarily consider factors specific to PwP that could contribute to
falls, poor outcomes or attrition. Such factors can include cognitive function (e.g., problem-solving, dual-tasking),
motor symptoms (e.g., bradyphrenia, hypophonia, swallowing difficulties), nonmotor symptoms (e.g., stress,
anxiety, cardiac autonomic dysfunction, fatigue), medication side effects (e.g., dyskinesias, dystonias, impulsivity)
and personal factors (e.g., stigma, apathy, need for assistance or cueing, loss of self-efficacy) [66].

The purpose of this retrospective research study is to summarize the components of a proof of concept clinical
decision-making tool for physical therapists for the purposes of stratification of PwP into multilevel group classes.
The decision-making tool is the result of PD-specialized physical therapists evaluating and assigning PwP to
multilevel group classes in a clinic devoted to lifelong access to integrated physical therapy and group exercise.
PD-specialized refers to the level of practical experience and overall knowledge of PD of each physical therapist
involved in this study. Each physical therapist had 3–4 years of experience evaluating and providing individualized
therapy for an average of 4–5 PwP daily. In addition, they teach multilevel group exercise classes 1–2 times per week,
participate 1–2 times per year in continuing education and conferences related to PD, and teach physical therapy
students, group instructors and volunteers about PD, exercise and safety essentials and the research underlying the
rationale for PD-specific neuroplasticity-principled exercise programming.

While previous research has suggested a clinical decision-making framework for physical therapists evaluating
a client with neurological deficits [67], no framework exists to guide physical therapists in their clinical decision-
making when evaluating the client with PD for physical therapy and community exercise needs. The American
Physical Therapy Association’s Guide to Physical Therapist Practice outlines principles of physical therapist patient
and client management and mentions various factors that contribute to the decision-making process including
the client’s decline in functional independence, cognitive status, social support and accessibility and availability of
resources [68]. We propose that our PD-specific clinical decision-making tool can guide the physical therapy plan
of care, including prescribing and updating exercise recommendations and networking with community resources
to integrate PD-specific therapy and fitness goals. Helping PwP with varied functional mobility and fitness find
group exercise classes that more closely match their functional needs allows class format and goals to be as similar as
possible to one-on-one therapy. This may promote lifelong adherence to a more PD-specific, personalized, effective,
safe and challenging exercise program [39,61].

332 Neurodegener. Dis. Manag. (2019) 9(6) future science group



Stratifying PwP to community exercise classes Research Article

Table 1. Description of moves classes.
Class level Moves 1 Moves 2 Moves 3 Moves 4

Key principles (modes of
practice)

Progressive aerobics on equipment (treadmills, stationary bikes, ellipticals)
Amplitude-focused functional skill training in multiple positions including standing, seated, quadruped, prone and supine

Instruction mode Concurrent modeling of exercises Demonstration of multiple circuit stations

Skilled task dosing Lower repetitions, slower
paced

More repetitions, faster paced Fewer stations More stations

Balance exercises Static Static Dynamic Dynamic

Frequency of transitions
(e.g., sit to stand, supine to
quadruped, stand to prone)

Low Moderate to low Moderate to high High

Cognitive–motor complexity Low Moderate to low Moderate to high High

Environmental complexity Low Moderate to low Moderate to high High

Methods
Study design
To develop the proposed clinical decision-making tool, this retrospective cohort study investigated the process by
which PD-specialized physical therapists stratified PwP into multilevel group exercise classes that shared similar
functional goals and neuroplasticity-principled aspects of training. The data from the initial evaluations presented in
this study were part of a larger medical record review examining long-term adherence and benefits for participants
who consistently attended our rehabilitation and exercise programs. Study procedures were reviewed by the
university institutional review board (IRB) and exempted from IRB reporting requirements (procuring informed
consent from participants), as a retrospective chart review from which personal identifiers cannot be linked to the
extracted data.

Evaluations and group class sessions occurred at a community-centered clinic that provides ongoing access
to research-based PD-specific physical therapy and integrated onsite multilevel group exercise programming.
Participants were required to complete an initial physical therapy evaluation prior to group class attendance, and
they were offered physical therapy bouts or tapered supervision as needed to proactively address personal goals
or problem areas. In addition, participants who met minimum criteria were offered group exercise programming
designed to enhance and extend the benefits of physical therapy. Exercise classes were taught by group instructors
(i.e., therapists and exercise professionals) who were trained in the application of neuroplasticity-principled PD-
specific functional skill training. If participants met minimum criteria and chose to participate in onsite group
exercise, they were assigned to a specific class by the evaluating physical therapist and required to complete additional
physical therapy evaluations at 6 months, 12 months and annually thereafter. Multiple levels of group classes were
available, ranging from lowest to highest levels of fitness and function (Moves 1, Moves 2, Moves 3 and Moves 4,
respectively).

Description of moves classes
Table 1 outlines the differences between Moves 1, 2, 3 and 4 classes that impacted the evaluating therapists’
class recommendation with the intention of optimizing the participants’ safety and challenge. All Moves classes
included progressive aerobic training (20–30 min per class of interval training on treadmills, stationary bikes and
elliptical machines utilizing the modified Borg Scale [69] with moderate to vigorous intensities targeted during
high intensity intervals) and amplitude-focused functional skill training in multiple positions including standing,
seated, quadruped, prone and supine (30–40 min per class) for an hour-long class offered three-times per week.
Instruction mode, skilled task dosing, balance exercises, frequency of transitions, cognitive–motor complexity and
environmental complexity varied by class. Moves 1 and Moves 2 instructors used equipment for visual, auditory
and tactile cues while they concurrently modeled the exercises. Moves 3 and Moves 4 instructors demonstrated all
circuit stations before the participants began the circuit on their own, requiring substantial participant recall. Circuit
stations were designed to challenge strength, agility and balance using equipment such as bosu balls, bungees, cones
and weights.

Skilled task dosing was altered with more repetitions and faster pacing of exercises in Moves 2 compared with
Moves 1 and more stations for Moves 4 compared with Moves 3. Moves 1 and 2 spent most of the skill training
portion of class performing exercises in standing, sitting, quadruped, prone, or supine requiring static balance
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Total medical records reviewed as
part of an ongoing larger study

July 2013–October 2017
(n = 476)

Excluded (n = 384)

Did not receive 12-month consult within ± 3 months (n = 322)

Did not meet attendance criteria for group classes of ≥6 months
AND ≥4 classes per month (n = 40)

Attended group class ≥6 months prior to July 2013 (n = 22)

Met minimum group criteria (n = 277)

Did not meet minimum group criteria (N = 45)

n = 124 chose therapy only

n = 34 chose therapy only

n = 32 chose no group or therapy

n = 11 chose no therapy

n = 121 pending 1-year evaluation

Records selected for 
data analysis

(n = 92)

Moves 1
(n = 9)

Moves 2
(n = 23)

Moves 3
(n = 37)

Moves 4
(n = 23)

•

•

•

Figure 1. Flow diagram of medical records selection criteria for data analysis.

while Moves 3 and 4 spent most of the skill training portion of class performing exercises in similar positions but
requiring more dynamic balance (e.g., forward/backward walking, sidestepping, navigating obstacles and uneven
surfaces, crawling, scooting). Frequency of transitions (e.g., sit to stand, supine to quadruped, stand to prone) was
manipulated ranging from low to high from Moves 1 to Moves 4, respectively.

Cognitive–motor complexity was altered with the use of sequencing (e.g., functional combinations of movements
such as sit to stand plus forward step in standing), dual tasking (e.g., naming countries while walking over obstacles),
timing (e.g., use of metronome and music) and problem solving (e.g., partner work, interacting with equipment)
with increasing complexity from low to high from Moves 1 to Moves 4, respectively. Environmental complexity
varied by group including participant numbers (e.g., more participants in higher level classes) and visuospatial
demands (e.g., more obstacles to navigate in higher level classes) with increasing complexity from low to high from
Moves 1 to Moves 4, respectively.

Medical records selection
Medical records of all participants who completed an initial evaluation from July 2013 through October 2017
(N = 476) were systematically reviewed and the data were entered into a database by a co-author not involved
in direct patient care (Figure 1). To create the cohort for use in this project, participants’ records were excluded
from this larger dataset if they did not meet the selection criteria of having a 12-month evaluation ( ± 3 months)
(N = 322); attending group class ≥6 months between the initial and the 12-month evaluation; and averaging ≥4
classes per month in the months attended (N = 40). In addition, participants’ data were excluded if they attended
group classes more than 6 months prior to the start date for implementing formal group class criteria and evaluation
processes (July 2013) (N = 22). The remaining participant records (N = 92) were included in the data analysis (see
Physical Therapy Evaluation – Group Assignment Data below for more detail on reasons for exclusion).

This remaining cohort joined group classes on a rolling basis within one month after initial evaluation. Classes
were offered 3 days per week and attendance was reflective of vacations, illnesses, injuries and each individual’s
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Table 2. Participant demographics and clinical characteristics.
Moves 1 (n = 9) Moves 2 (n = 23) Moves 3 (n = 37) Moves 4 (n = 23) Group difference (p-value)

Male:female 6:3 15:8 29:8 17:6 0.700

Age (years [SD]) 76.5 (6.3) 76.2 (6.3) 73.5 (6.7) 63.1 (6.5) �0.001

Age range (years) 66–83 67–87 56–84 53–75 –

Years with diagnosis
(years [SD])

4.6 (7.7) 3.6 (5.1) 3.7 (4.5) 2.6 (4.4) 0.717

Levodopa equivalent
daily dose (mg [SD]) (# of
participants [%])†

407 (194) 7/9 (78%) 292 (275) 18/23 (78%) 494 (403) 29/37 (78%) 511 (336) 18/23 (78%) 0.192

Hoehn and Yahr (out of 5) 3.0 (1.2) 2.1 (.7) 1.9 (.7) 1.3 (.6) �0.001

MoCA (out of 30) (# of
participants [%])†

22.8 (5.3) 6/9 (67%) 25.6 (2.5) 19/23 (82%) 26.5 (2.0) 28/37 (76%) 27.4 (1.7) 16/23 (70%) 0.002

Falls reported (yes/no) (#
of participants [%])†

5/9 (56%) 9/23 (39%) 14/35 (40%) 5/21 (24%) 0.403

Freezing reported
(yes/no) (# of participants
[%])†

6/8 (75%) 5/19 (26%) 8/34 (24%) 2/20 (10%) 0.025

†Data not available on all participants.
MoCA: Montreal Cognitive Assessment; SD: Standard deviation..

varying level of resources and commitment. Group class participation was retrospectively examined through paper
and electronic (MINDBODY R©, CA, USA) attendance records. We chose these minimal attendance requirements
over the course of 1 year because we are interested in investigating the benefits of attending multilevel group classes
in the future.

Physical therapy evaluation: demographic & clinical data
Data considered most important to aide clinical decision making were extracted from selected participant records.
This included demographics, clinical characteristics, clinical measures and group assignments at initial evaluation.
Demographic information included gender and age. Clinical characteristics included years with PD diagnosis,
amount of levodopa medication (levodopa equivalent daily dose, the Montreal Cognitive Assessment (MoCA) [70],
self-reported history of falls or freezing of gait in the past 6 months (yes/no) and disease severity as determined
by H&Y stage [64]. Time of diagnosis was established by participant recall and used to determine years with PD
diagnosis. Hoehn and Yahr stages at baseline were determined retroactively by one physical therapist reviewing
clinical descriptions and tests for bilateral motor involvement, postural instability (pull test or push/release test),
use of walking aids or wheelchair, reported need for assistance with activities of daily living and confinement to bed
(Table 2).

Clinical measures at initial evaluation were chosen for their relevance to participation in this clinic’s group
exercise class and documented psychometric properties supporting their use in PD. These measures are summarized
in Table 3 and included: assessment of functional strength (five times sit to stand [FTSS] [71] with excellent
reliability [test/retest interclass correlation coefficient (ICC) = 0.91 [72]]); floor transfer (transfer stand to prone to
stand (floor transfer), reliability not established); backward walking (3-m backward walk [3MBW] [73,74], reliability
not established); walking endurance (6-min walk test [6MWT] [75], excellent test/retest reliability [ICC = 0.95] [76]);
gait speed (10-m walk test at preferred speed [10MWT- PS] and 10-m walk test fast and safe [10MWT-FS] [77,78],
excellent test/retest reliability [ICC = 0.96 and 0.97, respectively] [76]); and single and dual task functional mobility
(timed up and go test fast and safe [TUG-FS] and with concurrent serial-three subtraction, cognitive [TUG-
FScog] [79], good test/retest reliability [ICC = 0.85] [76]).

Physical therapy evaluation: group assignment data
To be eligible for assignment to onsite group classes, the evaluating physical therapist first determined if minimum
group class criteria were met. Therapists established these criteria for group class eligibility concurrent with
development of the physical therapy evaluation for the purpose of establishing a baseline level of safety that was
required for participation in the existing group exercise classes offered at our facility. Considerations unique to
our setting included participants’ required assistance with activities to be performed in class (e.g., transferring to
and from the floor, performing progressive aerobic training on cardio equipment) and class format factors specific
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Table 3. Clinical measures.
Clinical measure Moves 1 Moves 2 Moves 3 Moves 4 p-value

FTSS (s) 37.25 (6.67) 19.80 (2.48) 12.65 (0.65) 9.70 (0.54) �0.001

Floor transfer (s) 60.94 (23.89) 19.80 (3.74) 10.55 (0.95) 5.40 (0.36) �0.001

3MBW (s) 9.14 (2.36) 5.30 (0.51) 3.80 (0.25) 2.71 (0.18) �0.001

6MWT (m) 307.13 (41.36) 351.15 (20.47) 435.55 (11.33) 518.76 (15.08) �0.001

Gait speed 10MWT-PS
(m/s)

0.81 (0.09) 0.92 (0.04) 1.09 (0.03) 1.25 (0.04) �0.001

Gait speed 10MWT-FS
(m/s)

1.08 (0.14) 1.27 (0.06) 1.53 (0.04) 1.74 (0.06) �0.001

TUG-FS (s) 16.25 (2.46) 10.89 (1.27) 7.76 (0.28) 5.82 (0.24) �0.001

TUG-FScog (s) 22.49 (3.80) 13.47 (1.00) 9.89 (0.56) 7.35 (0.52) �0.001

Mean (standard error) for all baseline outcome measures of the four subject groups.
3MBW: 3-m backward walk; 6MWT: 6-min walk test; Gait speed; 10MWT-FS: 10-m walk test – fast and safe; 10MWT-PS: 10-m walk test – preferred speed – gait speed; Floor transfer:
Transfer stand to prone to stand; FTSS: Five times sit to stand; TUG-FS: Timed up and go test – fast and safe; TUG-FScog: Timed up and go test – fast and safe with a concurrent cognitive
task.

to this clinic’s setting (e.g., walking into building and around classroom safely). Therefore, minimum criteria for
participation in group classes included: ambulation with or without an assistive device ≥500 feet with supervision,
floor transfer (standing to prone to standing) with a chair and/or minimal assistance, use of aerobic exercise
equipment (e.g., stationary bicycles, treadmills, elliptical machines) with minimal assistance and ability to follow
simple, single step instructions.

If minimum group class criteria were met and the participant chose to join class, therapists assigned PwP to
one of four group class levels (Moves 1, Moves 2, Moves 3 or Moves 4) using clinical judgment from information
gathered at the initial evaluation including demographics and clinical characteristics (Table 2), and performance on
clinical measures (Table 3). Participants who had high-risk cardiovascular conditions requiring close monitoring
with exercise or other health conditions contraindicated to participation in an exercise program were deemed
ineligible for group class at the therapist’s discretion. If participants did not meet the suggested minimum group
class criteria, therapists recommended one-on-one therapy only with goals set to eventually qualify for a class if
participant desired. Participants who did not meet minimum criteria upon evaluation along with participants who
met minimum criteria but preferred to receive one-on-one physical therapy did not require 12-month follow up
and were excluded from the analysis (see Figure 1).

Statistical analysis
The ability of the demographics, clinical characteristics and clinical measures of the proposed clinical decision-
making tool to predict the classification decisions of the PD-specialized therapists was evaluated using discriminant
function analysis. To identify four levels of descriptors of PwP participants, we computed and report descriptive
statistics (means, standard deviations, counts) for baseline demographic, clinical characteristics and clinical measures
across assigned class levels for all participants (N = 92). Differences among groups were evaluated using chi-square
tests and generalized linear models, as appropriate for the metric of the variable. To establish the categorical data
required for discriminant analysis, cut-off scores for each clinical measure for each group were calculated using two
standard deviations from the mean. These cut-off scores categories were converted into an ordinal scale reflecting
proposed group level assignment, 1 through 4, for each measure.

Of the nine participants in Moves 1, only three had all demographics, clinical characteristics and outcome
measures, therefore, the discriminant function analysis was performed using only three groups (Moves 2 [n = 1
excluded], Moves 3 [n = 4 excluded] and Moves 4 [n = 2 excluded]; n = 83). Missing data occurred for levodopa
equivalent daily dose, MoCA and FTSS in this cohort, as these measurements were not all in place at the start
date for the retrospective chart review. Therefore, to represent participants who had completed all measures on
evaluation, a subset of the cohort (n = 76) were included in the discriminant function analysis.

Emphasis for the discriminant function analysis was placed on the percentage of participants in the subset falling
within the a priori cut-off scores for clinical measures, along with selected demographic and clinical characteristics.
Therapist-assigned group was entered as the outcome variable into the discriminant function analysis. Finally,
to predict the therapists classification decisions, the ordinal classification scores for seven clinical measures (floor
transfer, 3MBW, 6MWT, 10MWT-PS, 10MWT-FS, TUG-FS, TUG-FScog) for each individual were entered as
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predictors, along with participant age, duration of PD, H&Y score and a binary variable indicating whether or
not they had experienced a fall in the prior 6 months. An alpha of 0.05, two-tailed, was used as the criterion for
statistical significance, and no corrections were made for multiplicity. SPSS ver 25 (IBM Corp., NY, USA) was
used to conduct the analyses.

Results
Summary of data analysis
Participant demographics and clinical characteristics with p-values for the differences among groups are provided
in Table 2. There were statistically significant differences between groups on age, disease severity (H&Y), executive
function (MoCA) and self-reported freezing of gait. Summary statistics for clinical measures by group are provided
in Table 3. There were statistically significant differences between groups on all clinical measures.

Using selected demographic and clinical measures (Tables 2 & 3) excluding the Moves 1 group and those
with missing data (n = 76 with all measures), the discriminant function analysis predicted 79% of the therapists’
decisions, indicating these measures can contribute to the decision-making process. The prediction was reduced to
74% when H&Y scores were removed from the analysis, implying that using only H&Y to stratify individuals to
group exercise classes may have limitations when for assigning PwP to homogeneous exercise groups. Indeed, H&Y
scores alone predicted only 41% of the therapist’s decision. We suggest that even when including H&Y scores,
the unpredictability in group class assignment (∼21%) may be explained by other personal factors and exercise
program considerations that our PD-specialized therapists deemed important as described in the next sections.

While we recommend using all the demographic and clinical measures in the model just described, many clinical
settings may not have the resources to obtain all seven clinical measures on evaluation. Therefore, we further
analyzed the prediction of stratification to three levels of exercise classes (Moves 2, 3 and 4) and found that using
only three clinical measures (3MBW, floor transfer and TUG-FS), age and years with PD predicted the therapists
assignments at 74% (n = 81 had all measures).

Proposed two-part clinical decision-making tool
We propose a two-part clinical decision-making tool consisting of participant considerations (Table 4) and exercise
program considerations (Table 5).

Part 1: participant considerations
Participant considerations include personal factors and clinical measure cut-off scores (Table 4). In addition to the
personal factors discussed in Table 2 and used in our analysis, our PD-specialized physical therapists gathered other
information via clinical observation to aid in decision making and did not necessarily measure each factor. These
are all combined in Table 4 and include: PD diagnosis duration, age, exercise experience, activities of daily living
assistance, self-reported falls, balance confidence, freezing of gait, use of assistive device, comorbidities, community
participation, cognition, self-monitoring and self-efficacy. Self-monitoring refers to a participant’s ability to regulate
his or her own safety in a group setting when performing activities specific to that class. Community participation
refers to activities performed in public such as going out to lunch with friends, volunteering, or going to church.
Clinical measures include cut-off scores for the FTSS, floor transfer, 3MBW, 6MWT, 10MWT- PS, 10MWT-FS,
TUG-FS and TUG-FScog.

Part 2: exercise program considerations
Exercise program considerations for our clinic included participants’ level of assistance with class activities and
class format factors specific to this clinic’s setting (Table 5). Level of assistance with class activities includes
operation of aerobic equipment, comprehension of rating of perceived exertion, over ground balance activities,
complex sequencing and dual tasking, floor transfer and floor exercise. Class format factors include the key
principles of practice: progressive aerobic training and amplitude-focused functional skill training. Other class
format factors include instruction mode, skilled task dosing, balance exercises, frequency of transitions, cognitive–
motor complexity and environmental complexity. These exercise program considerations may be customized for
different exercise programs and settings (see Discussion: application to other exercise programs).
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Table 4. Proposed clinical decision-making tool part 1: participant considerations.
Class level Moves 1 Moves 2 Moves 3 Moves 4

Personal factors PD diagnosis duration Long Moderate Moderate Short

Age Older Older Slightly younger Younger

Exercise experience Low Low Moderate High

Activities of daily living
assistance

Minimal Supervision Independent Independent

Self-reported frequency
of falls in past 6 months

High Moderate Moderate Low

Balance confidence Low Moderate Moderate High

Freezing of gait severity High Moderate Low Low

Use of assistive device Home Community None None

Impact of comorbidities
on exercise

High Moderate Minimal None

Community participation Low Moderate Moderate High

Executive functioning Poor Fair Good Good

Self-monitoring Poor Fair Good Good

Self-efficacy Low Moderate Moderate High

Clinical measures cut-offs Five times sit to stand �30 s �30 s �17 s �12 s

Floor transfer �40 s �40 s �18 s �8 s

3-m backward walk �12 s �12 s �8s �5 s

6-min walk test �250 m �250 m �325 m �400 m

Gait speed; (preferred
speed)

�0.65 m/s �0.65 m/s �0.85 m/s �1.00 m/s

Gait speed; (fast and safe) �0.90 m/s �0.90 m/s �1.20 m/s �1.40 m/s

Timed up and go (fast
and safe)

�17 s �17 s �10 s �7 s

Timed up and go –
cognitive (fast and safe)

�20 s �20 s �15 s �10 s

Montreal Cognitive
Assessment (out of 30)

�22 �22 �24 �26

Discussion
This process of assigning PwP to multilevel group classes in our clinic inspired the retroactively designed clinical
decision-making tool that we propose here. Our initial results showing statistical difference among group classes
on all clinical measures revealed that stratification was largely achieved by our PD-specialized therapists using
much of the information from the initial evaluation (Tables 2 & 3). These results confirmed the heterogeneity
in functional mobility across disease severity that typically would occur in most community exercise classes [49]

and further motivated our efforts to design a proof of concept clinical decision-making tool. The discriminant
function analysis supports that other PD-specialized therapists using demographics and cut-offs (defined in this
study for common clinical measures) should be able to achieve the maximum predictive ability. While for greater
generalizability to clinical situations in which capturing all the measures is not possible or too onerous, or for
therapists with fewer levels of classes, they may want to use the fewest factors to retain a reasonably high predictive
value. Assignments can be further personalized and improved by referring to the other personal factors and exercise
program considerations defined by our therapists that affected their group class assignment (Tables 4 & 5). This
could allow for fine-tuning of the decision-making process and may explain the 21% discrepancy in assignment
decisions we quantified in our analysis. The examples discussed below illustrate how therapists can use this tool to
initiate and adapt the personalized exercise prescription.

Proposed clinical decision-making tool: illustrative examples
The clinical decision-making process is holistic and person-centered and allows for blending the science and art
of physical therapy for optimal outcomes. The categories in Tables 4 & 5 are meant to guide the decision-making
process with the goal of maximizing the participants’ level of physical and cognitive challenge while also ensuring
safety in a group setting. For example, initially the therapist considered placing participant A in Moves 4 based on
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Table 5. Proposed clinical decision-making tool part 2: exercise program considerations.
Class level Moves 1 Moves 2 Moves 3 Moves 4

Level of assistance with
class activities

Aerobic equipment
operation

Minimal Supervision Independent Independent

Rating of perceived
exertion

Moderate Minimal Independent Independent

Over ground balance
activities

Contact guard assist Contact guard assist Supervision Independent

Complex sequencing and
dual tasking

Moderate Minimal Supervision Independent

Floor transfer/floor
exercise

Minimal Supervision Supervision Independent

Class format factors Key principles (modes of
practice)

Progressive aerobics on equipment (treadmills, stationary bikes, ellipticals);

Amplitude-focused functional skill training in multiple positions including standing, seated, quadruped, prone
and supine

Instruction mode Concurrent modeling of exercises Demonstration of multiple circuit stations

Skilled task dosing Lower repetitions, slower
paced

More repetitions, faster
paced

Fewer stations More stations

Balance exercises Static Static Dynamic Dynamic

Frequency of transitions
(e.g., sit to stand, supine
to quadruped, stand to
prone)

Low Moderate to low Moderate to high High

Cognitive–motor
complexity

Low Moderate to low Moderate to high High

Environmental complexity Low Moderate to low Moderate to high High

low fall risk, high balance confidence and minimal comorbidities. However, older age, low exercise experience and
low community participation led the therapist to ultimately decide Moves 3 for group class placement. In another
case, participant B’s fair self-monitoring, need for contact guard assistance with over ground balance activities and
class format considerations (moderate to high cognitive–motor and environmental complexity) led the therapist to
recommend Moves 2. In addition to guiding the decision-making process, the tool can be used to identify therapy
goals. For example, if Participant B’s goal was to improve his level of assistance with over ground balance activities
from contact guard assistance to supervision, he could qualify for a higher level class (Moves 3). Another participant
C’s goal may be to improve his level of assistance with floor transfers from minimal assistance to supervision,
allowing him to also move to a higher level class, from Moves 1 to Moves 2, respectively.

Proposed clinical decision-making tool: framework for communication to coordinate care between
rehabilitation & community
The clinical decision-making tool may also be used as a framework for communication between physical therapists
and group exercise instructors to coordinate care between the rehabilitative and community settings. For example,
upon referral to a group class, the evaluating physical therapist should communicate factors that might impact
exercise to the instructors including comorbidities (e.g., cardiac history, joint replacements) or mobility concerns
(e.g., assistance needed with floor transfer, difficulties with dual tasking). The tool can also be used for professionals
to communicate participant changes over time including a hospitalization or sickness that warrants a bout of therapy
and perhaps a change in class level until baseline function can be restored [40,80]. Participants may also improve
to a functional level where a more challenging group class is appropriate and ideal for continued adherence and
positive outcomes. On the other hand, an instructor could report concerns to the referring physical therapist of a
participant having more anxiety, absences, dyskinesias or increasing difficulty with performing exercises in class.

Through ongoing monitoring, therapists and exercise instructors can recognize when a change in motor or
cognitive performance is more than day-to-day variability, and then be able to intervene immediately. Day-to-day,
even hourly variability in performance was particularly the case for people with advanced disease with freezing of
gait, medication fluctuations and cognitive impairments. Although our Moves 1 participants were fewer in number
and more likely to have missing measures it is remarkable that they continue to attend, even if more sporadically.
The need to coordinate between rehabilitation and community and other medical, financial, or wellness resources
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is even more essential in moderate to advanced disease. This tool can promote coordination of care that should
begin upon diagnosis and continue throughout the participants’ lifespan.

Over the years, we have developed a process facilitating timely and efficient communication between our physical
therapists and instructors regarding a participants’ change in health status and observed concerns in order to reduce
attrition, functional decline and adverse events such as falls or injuries. We also have recognized the importance
of physical therapy re-evaluations and therapy bouts to address these health status changes or observed concerns
early; with the intention of keeping participants in their class as long as possible or returning them to prior level of
function as soon as possible. The decision-making tool also provides a way for therapists to work with participants
on setting rehabilitation goals that may impact their eligibility for class, and it allows for transparency and clear
communication with participants on the need for class level changes for optimal safety, participation and challenge.
The clinical decision-making tool can generalize to other rehabilitation and community centers by offering a
framework for communication with a common language between rehabilitation and exercise professionals when
discussing participant care.

Proposed clinical decision-making tool: application to other exercise programs
Studies suggest aerobic exercise and the intensity, complexity and specificity of exercise is important for learn-
ing [16,21,23,36–40,42–44]. We designed the clinical decision-making tool based upon the activities specific to our
setting, which included progressive aerobic training and functional learning-principled skill training (e.g., floor
exercise and dynamic-balance activities). We altered the instruction mode, skilled task dosing, balance exercises,
frequency of transitions between exercise positions, cognitive–motor complexity and environmental complexity
factors to optimize safety and challenge relative to our class levels and assistance required for class activities (Ta-
ble 5). Many of these exercise program considerations in Part 2 of the proposed clinical decision-making tool will
be affected by maximum class size, space limitations and availability of volunteers. We suggest therapists adapt Part
2 of the clinical decision-making tool for the unique goals and activities of their recommended exercise class. They
may also use this tool to help others grow community exercise programming that takes into account the unique
needs of PwP to be challenged yet safe. For example, the factors described in the clinical decision-making tool can
be customized for exercise programs that include other modalities of intervention including boxing, dancing, Tai
Chi and cycling. Therapists can then determine what other assessments may be needed to evaluate the participants’
ability to safely perform the activities specific to their setting. For example, assessment of dynamic balance would be
relevant for a Tango class and assessment of floor transfer would be relevant for a high-level yoga class. However, the
requirement for dance partners or the availability of volunteers to cue or guard may impact the therapists’ choice
of assessments or assignment.

Future directions
In this study, we propose a two-part clinical decision-making tool that can be refined and tested over time for
the purpose of extending the benefits of physical therapy through the sustained practice of rehabilitation goals
in community multilevel group exercise classes. We predict that participating in an integrated rehab and group
exercise model where PwP continue to sustain practice of therapy goals in a group exercise program that allows for
the appropriate level of physical and cognitive challenge will provide additive and complementary benefits in the
long-term. Future studies could examine these questions and compare benefits of integrated therapy and group to
therapy alone or group alone conditions. Studies are also needed to investigate the validity and reliability of the
decision-making tool for group exercise class stratification when compared with more typical mixed class design.
In addition, studies are needed that utilize validated tools to measure self-efficacy, comorbidities, postural control
and self-reported balance confidence to further investigate how these factors impact group exercise class assignment
and to investigate their sensitivity to detect change over time. It is also important to look at versions of the tool
that can be used by community instructors.

Limitations
The findings from this study are limited by the design of a retrospective study of real-world longitudinal data
collection in an operational PD-specialized clinic. Due to time constraints in a clinic setting, many factors in
Table 4 were gathered by self or family report or clinical observation rather than directly measured. Recall bias and
presence of mild cognitive impairment could limit accuracy of results for self-reported fall and freezing history.
Measurement error associated with the retrospective determination of H&Y staging by a physical therapist may
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have influenced the low predictability of this variable. To be able to capture the core clinical measures we needed for
group assignment purposes, we did not have the time to add additional measures to the evaluation. Future studies
could include other measurements to capture more specific mobility and postural control deficits for establishing
cut-offs for group assignments. The timing of evaluations was influenced by the day-to-day scheduling conflicts of
a busy physical therapy clinic. While we did not attempt to control for timing of medication dosing for evaluations
or class participation, medication side effects were considered as they related to functional mobility, safety and
ability to exert physical effort in a group setting and contributed to the development of Tables 4 & 5.

Conclusion
We propose a two-part physical therapy clinical decision-making tool that was designed from a combination of
data from a retrospective chart review and clinical experience with assigning PwP to multilevel group classes. We
suggest that physical therapists are uniquely qualified to manage the lifelong exercise prescription for PwP and
serve as liaisons with community exercise professionals to optimize therapy outcomes. Physical therapists’ scope of
practice [81,82] allows them to comprehensively assess PwP and make appropriate plan of care recommendations for
physical therapy and community group exercise participation. This tool may assist physical therapists manage the
lifelong exercise prescription for PwP as it includes assessments of domains within and specific to a therapist’s scope
of practice. Physical therapists can use this tool to establish plans of care, assign participants to multilevel group
classes, re-evaluate participants’ needs over time and make referrals or consult with other healthcare professionals.

PwP are particularly vulnerable to adopting a less physically active lifestyle after diagnosis and may experience
stress, injury, sleep disorders and illnesses that have been shown to negate the benefits of exercise [28,83]. Physical
therapists can identify and address these issues and other barriers to exercise during re-evaluations including
comorbidities, nonmotor symptoms and psychosocial factors that may interfere with PwP’s willingness and capacity
to fully participate in exercise and life [28,66,83–86]. This tool can serve as a guide for communication and coordination
of care between therapists and exercise professionals to safely challenge PwP in the rehabilitation and community
setting.

The decision-making tool also allows for transparency and clear communication with instructors and participants
on the need for class level changes for optimal safety, participation and challenge. Many PD-specific community
classes include PwP with varying levels of mobility making it challenging for the instructor to optimally challenge
each participant and potentially leading to participant dropout. The results of this study indicate that PwP present
differently and that stratification into the appropriate level of class could contribute to long-term adherence to
exercise. All domains assessed in the initial evaluations are within physical therapists’ scope of practice indicating
the importance of their involvement in PD exercise prescription. Our proposed clinical decision-making tool
offers a management perspective for the PD exercise prescription where physical therapists are the practitioners
of choice to bridge the gap between the medical system and the community promoting long-term adherence to
exercise. Results of this study could guide other clinics, therapists and exercise professionals in establishing criteria
for multilevel community exercise classes for PwP. In addition, our results highlight the need for these multilevel
classes to promote long-term adherence to exercise and appropriate challenge point within the specific therapeutic
intervention or exercise program.
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Summary points

• Physical therapy and exercise are now considered an essential component in the management of Parkinson
disease (PD) and should begin at the time of diagnosis of PD, when there is the greatest potential for putting off
motor deterioration and slowing disease progression.

• The challenge to healthcare professionals is how to deliver rehabilitation and community exercise resources if we
expect persons with PD (PwP) to exercise and remain as physically active as possible for the long-term, starting at
diagnosis.

• We suggest that the integration of personalized rehabilitation goals into group exercise programs allows for the
sustained practice of functional mobility while harnessing the additive and complimentary benefits of exercise.

• To maximize each participants’ level of physical and cognitive challenge for achieving functional goals, we
propose a process for stratifying individuals into more homogeneous group exercise classes.

• The two-part physical therapy clinical decision-making tool for group class stratification summarized here was
designed from a combination of clinical judgment and participant characteristics (personal factors and clinical
measures) acquired from a retrospective chart review at a clinic experienced with assigning PwP to multilevel
group classes.

• Discriminant function analysis revealed that seven clinical measures and four demographic characteristics
predicted 79% of the PD-specialized therapists’ decisions to three levels of exercise classes.

• This tool may help guide the physical therapy plan of care, including prescribing and updating the exercise
prescription and networking with community resources to integrate therapy and fitness goals for optimal motor
and cognitive challenge.

• The clinical decision-making tool may be used as a framework for communication between physical therapists
and fitness professionals to convey precautions, need for class reassignment and need for changes to specific class
considerations.

• Physical therapists are uniquely qualified to manage the lifelong exercise prescription for PwP, incorporating the
myriad of factors impacting ongoing access to rehabilitation and exercise and serving as liaisons between the
medical and community professionals.

• The integration of physical therapy and group exercise goals offers one solution for extending the benefits of
therapy, reducing the rate of functional decline in PwP and contributing to a possible disease-modifying effect.
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