JRM

JRM

JRM

10of 8

ORIGINAL ARTICLE
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Objective: To assess the feasibility of backward
cycling for people with Parkinson’s disease. Secon-
dary objectives were to assess changes in gait and
balance following a 6-week program.

Design: A single-group prospective pre-test, post-
test study with 1-month follow-up.
Subjects/Patients: Twenty-six people with Parkin-
son’s disease (mean age: 69 (7.74) years, gender:
83% males, time since diagnosis: 6 (4.44) years).
Methods: Participants pedaled backward on a sta-
tionary bicycle for 30 minutes at moderate intensity
twice a week for 6 weeks. Feasibility was assessed
by acceptability, suitability, and burden. Data col-
lected at pre- and post-intervention with 1-month
follow-up included backward stepping response
variables, forward/backward gait variables, Mini-
Balance Evaluation Systems Test (MBT), and 6
Minute Walk Test.

Results: There was a high retention rate (95.8%)
and adherence rate (100%) with one adverse event
and minimal burden. Significant improvements
were seen in step count and excursion distance
during backward stepping responses, forward and
backward gait velocity, forward step length, and
the Mini-BESTest.

Conclusion: Backward cycling was a feasible
intervention for people with Parkinson’s disease,
demonstrating low burden with high retention and
adherence rates, and it is a safe exercise with the
potential for benefits in gait and balance variables.
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Parkinson’s disease (PD) is a progressive, neurode-
generative disorder characterized by bradykinesia,
tremors, rigidity, and postural instability (1). People
with PD often experience falls, which can be detri-
mental to function and quality of life (2). Most falls
that occur while walking tend to happen in a forward
direction, possibly due to deficits in terminating gait

/LAY ABSTRACT )

It is known that people with Parkinson’s disease often
have falls due to balance issues, including an increased
risk of backward falls. This may be due to known dif-
ficulties with stepping and walking in a backward
direction. There is limited research looking at back-
ward-directed exercises, therefore this study assessed
the safety and effects of a backward stationary cycling
program with people with Parkinson’s disease. People
who participated in a 6-week backward stationary
cycling program showed that it was safe, participants
adhered to the program and minimal assistance was
needed throughout. Also, at the end of the program,
people were able to walk faster in both forward and
backward directions, were able to catch themselves
better following a loss of balance backward and had
better balance overall. This study supports the use of
\this type of program in clinics. )

(3). People with PD also demonstrate difficulty step-
ping and walking in a backward direction, and deficits
in backward walking have been correlated with known
predictors of falling in older adults (4-6). In standing,
people with PD have a preponderance for backward
falls (7-9). One study reported that 75% of falls that
resulted in bone fractures in people with PD were due
to backward or sideward landings, and data from fall
diaries highlighted difficulties with stepping backward
(9). For reactive stepping responses or compensatory
steps to realign the centre of mass over the base of
support following a loss of balance, people with PD
tend to have a delayed and smaller response, increa-
sing the risk of falls (10). Reactive stepping responses
are commonly affected in PD due to smaller stability
margins and bradykinesia (8, 9), and medications used
to manage the symptoms of PD have limited effects
on stepping responses (11).

Studies have assessed the effects of various exer-
cises on backward stepping responses (BSR) and/or
backward walking in people with PD, including dance,
tai chi, treadmill training, and perturbation training;
however in those studies, specialized equipment was
needed (12, 13), a high number of repetitions of exter-
nal perturbations were used (14), or exercises were led
by a professional (15—17), decreasing the feasibility
for use in the clinic, home, or community.
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Cycling has been shown to be effective in improving
physical functioning in people with PD (17). Addition-
ally, electromyographic studies of healthy individuals
have revealed similar muscle activation patterns
between walking and stationary cycling (18), and
similarities in lower limb muscle activation between
backward cycling and BSR, in which there is greater
activation of the biceps femoris, followed by greater
activation of the rectus femoris (19, 20). No known
studies assess a backward cycling program’s feasibility
and potential effects on people with PD. Therefore, this
study aimed to assess the feasibility of a 6-week back-
ward cycling program in people with PD, specifically
reporting the acceptability, suitability, and burden. The
secondary aim was to report the preliminary effects of
a 6-week backward cycling program on balance and
gait in people with PD.

METHODS
Study design

This was a pre-test—post-test, single-group prospective study
with a 1-month follow-up. It was approved by the Midwestern
University Office of Research and Sponsored Programs (AZ
1128) and the University of Indianapolis Human Research
Protections Program (reliance agreement) and conducted at the
Midwestern University Physical Therapy Institute. All partici-
pants gave written informed consent prior to participation in
the research study.

Participants

Convenience sampling was used to recruit potential participants
from local outpatient therapy clinics, PD exercise groups, and
PD support groups. The recruitment period lasted from April
2018 to September 2019. To be included, participants needed
to be aged 20 to 80 years, diagnosed with idiopathic PD, be in
Hoehn and Yahr (H&Y) PD Staging Scale of stage II or II1, able
to walk unassisted for at least 20 feet, not enrolled in physical
therapy during the study, and able to understand and speak
English. Participants were excluded if they presented with PD
dementia (score of less than 21/30 on the Montreal Cognitive
Assessment [MoCA]) (21), were diagnosed with parkinsonism
or Parkinson-plus syndrome, had the presence of another neuro-
logic disorder, and/or had any injury or issue that would limit
participation in any capacity. For feasibility studies, a sample
size of 2025 has been reported to be adequate; therefore, we
aimed to enroll up to 28 to account for attrition (22).

Data collection

Data were collected at baseline, post-intervention, and 1-month
follow-up. Demographic and past medical history related
to PD were collected, as well as BSR measures, a balance
assessment using the Mini-Balance Evaluation Systems Test
(MBT), a walking capacity assessment using the 6-minute walk
test (60MWT), and forward and backward gait parameters. To
minimize bias, all data were collected by research assistants
(RAs) trained by the principal investigator (PI). The RAs were
third-year Doctor of Physical Therapy students enrolled in the
Midwestern University Physical Therapy Program. Interrater

p. 20of 8

and intrarater reliability of the MBT was established for the ra-
ters prior to data collection. Interrater was excellent (ICC=0.96
and 0.94), and intrarater reliability was good-to-excellent
(ICC=0.81 to 1.00).

Procedures

Eligibility. Eligibility was confirmed by the MoCA and the Mo-
vement Disorders Society Unified Parkinson’s disease Rating
Scale, motor subsection III (MDS-UPDRS III) by the PI. The
MoCA is a validated and reliable instrument that tests various
cognitive abilities (23). In addition, it can detect PD dementia
with a cut-off score of less than 21/30 (21). The MDS-UPDRS
1l is a PD-specific comprehensive scale that assesses both motor
and non-motor functions (24). Section III of the MDS-UPDRS
is a motor examination and assisted the PI in determining the
H&Y stage of each participant. The original H&Y scale was
used; therefore, participants were labeled as H&Y stage 1 if
only unilateral involvement was present; H&Y stage 2 if bila-
teral symptoms existed (such as resting tremor, bradykinesia,
or difficulty with alternating movements) but with no postural
instability (normal recovery on pull test); labeled H&Y stage 3
if the participant demonstrated postural instability (needed as-
sistance to recover from the pull test) with bilateral symptoms;
and labeled H&Y stage 4 if they presented with substantial
gait impairment, moderate global bradykinesia, and postural
instability (25).

Feasibility. Retention rates, adherence rates, and number of
adverse events in the program measured acceptability and suit-
ability. Retention rate was calculated by subtracting the number
of participants who completed the entire 6-week intervention
program from those who started the intervention. Adherence
was measured by the number of participants who could com-
plete the total intervention duration of 30 min each session. An
adverse event was defined as any event that caused harm to the
patient, resulting in the intervention’s discontinuation. Burden
was defined as the amount of assistance participants needed
during the intervention.

Backward stepping response. Three variables related to
backward-stepping responses (BSR) were measured during
the administration of the MBT subsection of reactive postural
control. Time to steady (BSR-TTS) referred to the time it took
from the start of the loss of balance to the moment backward
momentum was stopped. Step number (BSR-StepNo) referred
to how many steps were needed to steady. Maximum stepping
excursion (BSR-MSE) referred to the distance needed to steady.
The push and release test was essentially used to test BSR. This
test has been shown to hold its sensitivity over repeated trials
and has good interrater reliability (ICC=0.84) (26). Of note, this
reliability was established using an ordinal scale from 0 to 4.
However, this study used a step number count for data analysis
to show a change in the number of steps.

Two RAs were present for this test, and all trials were video re-
corded. First, the participant’s heels were lined up perpendicular
to a piece of tape on the ground. Per MBT instruction protocol,
the patient was asked to “stand with your feet shoulder-width
apart, arms at your sides. Lean backward against my hands
beyond your backward limits. When I let go, do whatever is
necessary, including taking a step, to avoid a fall.” The partici-
pant remained still after steadying while a second RA placed a
piece of tape at the heel of the rear-most foot. Three trials were
completed. The distance between the starting heel position and
the rear-most heel was measured for all 3 trials and recorded as
BSR-MSE. An RA also watched the video of the trials, measured
the time to steady with a stopwatch, and recorded this time as
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BSR-TTS. The time was started when the tester removed their
hands from the shoulder blades and stopped after steadying. For
BSR-StepNo, an RA counted the number of steps. The means of
the 3 trials for each variable were used for statistical analysis.

Gait analysis. Gait parameters were collected utilizing the
GAITRite® system (CIR Systems, Franklin, NJ, USA), an
instrumented walkway with pressure sensors that collects data
on spatiotemporal gait parameters (27). It has good-to-excellent
test—retest reliability (ICC=0.79 to 0.98) (28) and excellent con-
current validity with paper-and-pencil gait analysis methods on
spatial measures (right step length ICC=0.97; left step length,
ICC=0.99) (29). Each participant walked at a comfortable
pace beyond the other end of the walkway. Three trials, each
of forward and backward walking, were completed, and the
means were used for statistical analysis. This study used gait
velocity, left and right step length, and left and right step width
variables for data analysis.

Balance

The MBT assesses 4 systems of balance: anticipatory postural
adjustments, reactive postural responses, sensory orientation,
and dynamic gait (30). It is a valid measure in PD when com-
pared with other established balance measures, has excellent
test—retest reliability (ICC=0.92 to 0.98) and interrater reliabi-
lity ICC=0.86t0 0.99), and an established minimal detectable
change (MDC) score (3.5 points) (30). The test sheet includes
standardized verbal instructions and set-up, therefore this pro-
tocol was followed for each participant.

Six-minute walk test. The 6BMWT is a test of walking capacity,
measuring the distance a person can walk in 6 minutes. It has
excellent test—retest reliability for people with PD (ICC=0.96)
(31). A 50-foot length walkway was marked off with a cone
at each end. Participants walked back and forth as far as they
could in 6 minutes. Verbal instructions were used according to
the recommendations of the American Thoracic Society (32)
and one trial was completed.

Intervention

Each participant completed 12 exercise sessions over 6 weeks,
at a frequency of twice a week, using a Schwinn Airdyne AD6
stationary bicycle (Nautilus, Inc., Vancouver, WA, USA). This
stationary bicycle was selected to provide consistent wind re-
sistance during both forward and backward pedaling. Despite
no known publications describing using an Airdyne stationary
bicycle with PD, it has been used in studies with other neurologic
disorders (33, 34). Attempts were made to keep the sessions
consistent in terms of day and time of time; however, this was
not always possible due to logistics and availability. Medication
status for the intervention session was not evaluated.

All intervention sessions were carried out by an RA who was
not involved in the assessments. All RAs completed a training
session led by the PI prior to the study to ensure procedural
consistency. The intervention sessions were held in a private
examination room within an outpatient therapy clinic. During
the first session, the seat height for each participant was set
to allow 25° to 30° of knee flexion when the pedal was at the
bottommost point. This represents the most desirable position
to ease forces placed on the knee during forward cycling. The-
refore, the researchers elected to use this same principle as no
established literature on proper seat height exists for backward
cycling (35). Participants performed a S-minute warm-up of easy
pedaling in their preferred direction, then pedaled backward at a
moderate intensity for 30 minutes. Within 30 seconds of starting
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the intervention and every 5 minutes throughout, participants
rated their intensity using a visual Borg Rating of Perceived
Exertion scale (Borg RPE). The Borg RPE is a 15-point scale
from 6 to 20, with 6 being the lightest intensity and 20 being
the maximal intensity (36), and is a valid measure of exertion
in people with PD (37). For this study, moderate intensity was
defined as a rating of 12—14. If participants reported a level less
than 12, they were asked to pedal faster; if above 14, they were
asked to pedal slower. If a rest break was requested during the
session, the timer was paused until the participant was ready to
continue; therefore, all participants completed 30 min of total
exercise time. After 30 minutes, a 5-minute cool-down period
of easy pedaling or walking was performed. Vital signs (heart
rate, respiratory rate, oxygen saturation, and blood pressure)
were taken before and after each intervention session, and after
exercise, the participant rested until all measures returned to
within 10% of baseline.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows,
Version 24.0 (IBM Corp, Armonk, NY, USA). All comparisons
were two-tailed, using a significance level of p < 0.05 to be
considered statistically significant. Normal distribution of data
was determined using the Shapiro—Wilk test. For comparisons,
arepeated measures ANOVA for normally distributed data was
used, and a Friedman ANOVA for non-normally distributed data
was used. If significance was found in the repeated measures
ANOVA results, post hoc tests with Bonferroni correction were
run to locate the source of difference. If significance was found
in the Friedman ANOVA results, post-hoc pairwise compari-
sons were run using the Wilcoxon signed-ranks test to locate
the difference.

Post-hoc pairwise comparison effect size estimates are
reported using Cohen’s d. For data not normally distributed
(MBT, BSR-TTS, and BSR-StepNo), the z-value was used to
calculate » proposed by Cohen to gain the effect size (38). Ef-
fect sizes for Cohen’s d were interpreted based on guidelines
proposed by Cohen (38) with 0.20— < 0.50=small effect; 0.50—
< 0.80=medium effect; > 0.80=1large effect. Effect sizes for r
were interpreted as 0.10=small effect; 0.30=medium effect;
0.50=large effect (39).

During testing, all falls or losses of balance that required
physical assistance resulted in no data being entered for that
trial, and any incomplete data sets were not included in the
data analysis.

RESULTS

Twenty-six participants were eligible and enrolled in
the study. Two participants were lost prior to the start of
the intervention. Of the 24 who started the intervention,
23 (95.8%) were taking a form of levodopa, 2 (8.4%)
had a deep brain stimulator, 2 (8.3%) demonstrated
freezing during the evaluation, and 4 (16.7%) were
observed with dyskinesias. One participant was lost to
a 1-month follow-up; 22 participants were included in
the data analysis. Participant flow is shown in Fig. 1,
and baseline demographics are presented in Table 1.
One participant experienced a fall during backward-
stepping response testing, resulting in incomplete
data sets for BSR-MSE, BSR-TTS, and BSR-StepNo.
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Assessed for eligibility (n = 28)

Ineligible (n =2)
> ¢ Did not meet H&Y criteria

v

Enrolled in study, baseline measures
completed (n = 26)

Opted out of intervention after
baseline measures (n = 2)

e Could not commit the time (n=1)
e Death in family (n =1)

v

A\
Scheduled for intervention (n = 24)

Discontinued intervention (n = 1)
> e Experienced leg cramps

A

Completed program, completed 1-week
post-testing (n = 23)

Lost to 1-month follow up (7 =1)
»> e Unable to contact to schedule

A
Completed 1-month follow up testing (n = 22) |

Fig. 1. Flow of participants through study.

Two participants had incomplete gait data due to the
instrumented walkway not being able to differentiate
the steps fully.

Feasibility

Acceptability and suitability. Twenty-four participants
were scheduled for the 6-week intervention program
(see Fig. 1). Of the 24 participants who started the
intervention program, 23 completed the program in
its entirety, for a retention rate of 95.8%.

All participants were able to complete 30 min of
total exercise time each session for an adherence rate
of 100%. Within the group, 56.5% needed at least 1 rest
break during the entire 6-week intervention program.
For those who needed rest breaks, the total number
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Table I. Baseline characteristics (n=23)

Characteristic Minimum-Maximum

Gender, n (%)

Male 19 (82.6)

Female 4 (17.4)
Age, mean (SD) 68 (7.74) 56-78
Years since PD diagnosis, mean (SD) 6.4 (4.44) 1-14
Hoehn and Yahr stage, n (%)

Stage II 11 (47.8)

Stage III 12 (52.2)

MDS-UPRDS III, mean (SD) 30.70 (13.10) 10-63
MoCA, mean (SD) 26.74 (2.77) 21-30

PD: Parkinson’s disease; MDS-UPDRS III: Movement Disorders Society-
sponsored revision of the Unified Parkinson’s Disease Rating Scale part III
motor examination; MoCA: Montreal Cognitive Assessment.

needed for the entire 6-week program ranged from
1 to 26 (median=1, mean=3.22), with 2 rest breaks
being the most frequently needed per session (13.0%),
followed by 1 and 5 per session (8.7% each).

One adverse event was recorded: 1 participant ex-
perienced mild leg cramping in the quadriceps muscle
during the second and third intervention sessions. The
first experience of cramps was managed by self-mas-
sage and hydrating. However, the participant returned
to the next session several minutes after starting the
exercise and experienced leg cramping again. This
was managed by rest and self-massage and subsided
within a few minutes. The participant then opted to
discontinue the study.

Burden. All participants were able to get on, off, and
maintain a sitting balance on the bicycle without
physical assistance. One participant required close
supervision when on the bicycle; however, no adverse
effects were noted for the duration of the study. The only
modification needed for the bicycle was a gel overlay
seat cover for increased comfort, which was relatively
inexpensive and needed very little time to put on.

Table II. Comparison of baseline, post-intervention, and 1-month follow-up measures

Base Post-intervention  1-month follow-up

Variable Mean (SD) Mean (SD) Mean (SD) p Effect size®
Backward stepping response (BSR)

Backward stepping response-maximal stepping excursion (cm) 54.67 (25.77) 42.33 (15.53) 44.22 (13.44) 0.05 0.58
Backward stepping response-time to steady (sec)? 0.84 (1.31) 0.33 (0.48) 0.40 (0.77) 0.06 -0.50°
BSR-step number® 2.00 (1.25) 1.33 (1.00) 1.17 (0.92) 0.02* -0.45°
Backward gait

Gait velocity (cm/sec) 74.11 (15.63) 81.02 (18.00) 87.21 (21.71) 0.00* 0.41
Left step length (cm) 41.77 (8.22) 43.25 (9.46) 44.25 (11.19) 0.25 0.17
Right step length (cm)? 47.96 (12.41) 45.92 (17.26) 46.27 (16.76) 0.37 0.12
Left step width (cm) 19.47 (4.35) 18.88 (5.09) 18.43 (4.84) 0.15 0.12
Right step width (cm) 19.60 (4.63) 19.09 (4.97) 18.70 (4.70) 0.22 0.11
Forward gait

Gait velocity (cm/sec) 112.14 (20.53) 117.83 (21.56) 119.08 (24.12) 0.05t 0.27
Left step length (cm) 63.83 (9.67) 66.27 (10.07) 66.94 (10.62) 0.01* 0.25
Right step length (cm) 64.01 (8.45) 65.97 (9.35) 66.40 (9.31) 0.04* 0.22
Left step width (cm) 9.93 (2.71) 10.42 (3.69) 10.53 (3.45) 0.22 0.15
Right step width (cm) 10.25 (2.97) 10.29 (3.62) 10.63 (3.35) 0.53 0.01
Functional outcome measures

6 Minute Walk Test (m)? 369.72 (114.3) 374.45 (100.81) 369.72 (99.06) 0.24 0.20
Mini-BESTest? 23.00 (4.25) 25.00 (2.75) 26.00 (3.00) 0.00% -0.48°

2Reported as median (interquartile range). bE><pressed as Cohen’s d comparing baseline with post-test, unless otherwise stated. “Expressed as Pearson’s r comparing

baseline with post-test. “p < 0.05. 'p=0.05. *p < 0.01.
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Backward stepping response

Table II summarizes the results of the study. Post
hoc analyses revealed a significant median decrease
between baseline and post-intervention of 0.67
steps (Z=-2.00, p=0.05), with a medium effect size
(r=-0.45) and a significant median decrease of 0.83
steps from baseline to one-month follow-up (Z=-2.44,
p=0.02) with a large effect size (r=—0.55).

Backward gait parameters

Post hoc analysis revealed a statistically significant
increase between baseline and 1-month follow-up,
with a mean difference of 13.01 cm/s, p=0.01 with a
medium effect size (d=0.70).

Forward gait parameters

Post hoc analyses identified a statistically significant
increase between baseline and 1-month follow-up in
left step length, with a mean difference of 3.11 cm,
p = 0.04, and a small effect size (d=0.31).

Balance

Post hoc analysis revealed a statistically significant
median difference of 2 points between baseline and
post-intervention (Z=-2.24, p=0.03) with a medium
effect size (r=—0.48) and 3 points between baseline
and 1-month follow-up (Z=3.50, p <0.01) with a very
large effect size (r=—0.75).

DISCUSSION

Postural instability is common in PD with consequen-
tial fall risk, which worsens as the disease progresses
(39), and postural instability in the backward direction
is particularly prevalent (3, 4, 7). Exercise has been
shown to improve various gait attributes in people
with PD; however, there are limited studies on inter-
ventions to improve backward walking and stepping
responses. The interventions that have been shown to
be effective have limited usability within the home and
community setting. To date, this is the first study to
assess the feasibility and effects of backward cycling
for individuals with PD.

All participants could pedal independently, and both
the retention and adherence rate was high, supporting
its feasibility within the clinic. Safety using a statio-
nary bicycle in the PD population has been shown in
the past (17) and is further supported by our study.
In addition to being a safe exercise to utilize in the
clinic, backward cycling may address multiple deficits,
making it an efficient option in the clinic and possibly
the home. Fear of falling has been implicated as a bar-
rier to home and community exercise in people living
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with PD (40, 41), therefore highlighting the need for a
safe and effective intervention for these environments.
Additionally, other factors that may negatively affect
adherence to exercise include the level of difficulty to
perform the intervention, the safety of the interven-
tion, and the location of the exercise (some preferred
the home, and some preferred a gym setting) (42, 43).
This intervention may be a safe and effective exercise
to address PD-related functional deficits, and a station-
ary bicycle is a piece of equipment that can be used
in either the home or clinic, and commonly found in
many gym settings.

At baseline, the participants required a mean of
2.20 steps to steady from a backward loss of balance.
This result is similar to a study on people with PD in
H&Y stage 111, which reported a mean of 2.43 steps
to recover after a backward perturbation (44). After
a backward cycling program, participants took sta-
tistically significantly fewer steps to recover from a
backward loss of balance. This change may be relevant
in the PD population, as retropulsion is a known fall
risk factor (45).

Participants were able to steady themselves in a
significantly shorter distance. This may be clinically
relevant, as being able to steady oneself in as little
distance as possible may improve safety. Although
no literature exists on what constitutes the optimal
distance in which one should be able to stop a loss of
balance, it would seem important so as to avoid obsta-
cles. Participants also required less time following a
backward loss of balance and, while not statistically
significant, potentially due to the small sample size,
a large effect size was demonstrated (r=-0.50). This
is clinically relevant as it can demonstrate quicker
ability to react and stop a loss of balance, an ability
affected by PD. Of note is that medication status
during the study was not formally evaluated. How-
ever, research has shown that dopaminergic medica-
tions have little to no effect on postural responses and
may support that the change observed in this study is
actual change (11).

Backward cycling resulted in significant improve-
ments in backward and forward gait velocity. The
mean difference in backward gait velocity from base-
line to 1-month follow-up was 13.10 cm/s, or 0.13
m/s. Although no MDCs have been established for
backward walking speed in PD, this value approached
the MDC for forward gait velocity in this popula-
tion (MDC=0.18 m/s) (30). Notably, backward gait
velocity improved at a greater rate than forward gait
velocity, with a baseline to 1-month follow-up mean
difference for forward gait velocity of 6.94 cm/s, or
0.07 m/s. These improvements align with a previous
study showing similar improvements utilizing for-
ward recumbent cycling, in which people with PD
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demonstrated improved step length and gait speed
(46). Backward walking is affected in persons with
PD, including decreased velocity, stride length, and
increased time in stance (4). Backward walking is
necessary for various daily tasks, including stepping
back from a closet, sink, or a dangerous situation like
an approaching car (47). However, backward direction
training is rarely used in physical therapy or included
as part of walking intervention protocols for people
with PD (48).

Backward cycling also resulted in significant im-
provement in balance, as measured by the MBT. The
median difference of 3 points between baseline and
1-month follow-up is close to the minimal clinically
important difference value of 3.4—4.0 points (49).
Therefore, a backward cycling program not only shows
promise in addressing backward-directed movements,
such as BSR and backward walking, but can also show
improvements in other important functions, including
forward gait and balance strategies.

Of interest is that several variables demonstrated
continued improvement from post-testing to the
1-month follow-up assessment. The authors hypothe-
size this may be due to participants continuing some
form of continuous exercise following the 6-week
program. Additionally, the learning effect of the testing
measures cannot be ruled out. Additionally, backward
gait velocity demonstrated significant improvements;
however no significant improvements were observed
with backward step length. This may be due to im-
provements in other variables not analyzed for this
study, including increased cadence and improved
stride length.

No significant changes were found in walking
capacity despite participants exercising at moderate
intensity. The American College of Sport Medicine
Guidelines for Exercise Testing and Prescription re-
commends an exercise frequency of at least 3 days per
week to improve or maintain aerobic capacity (50). The
frequency of twice a week in the current study may
not have been enough to make a significant change.
Additionally, stationary cycling can significantly im-
prove VO, max (a measure of aerobic capacity) without
significant improvements in the 6MWT (51). Further
studies are needed to explore the effects of backward
cycling at a higher frequency to assess whether walking
capacity improvements are observed.

Overall, a backward cycling intervention may be
feasible and have positive effects on forward and
backward walking, backward stepping responses, and
balance. Previous studies have demonstrated impro-
vements in stepping responses; however, they utilized
equipment or procedures not feasible for the home or
community, including a hydraulic platform or safety
harness over a treadmill (12, 52, 53). Additionally,
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the ability to produce perturbations in the home set-
ting is a significant barrier due to safety concerns and
plausibility.

Limitations

Several limitations exist within this study. The sample
size was relatively small and therefore underpowered.
It lacked a control group; therefore, a cause—effect of
the intervention could not be established. The addition
of'a control group would allow comparisons with more
traditional interventions. Additionally, the 6-week
duration was relatively short, thus a longer duration
program may have resulted in greater effect sizes. Ina
systematic review of 14 studies assessing PD interven-
tions, 10 (71%) had durations of greater than 6 weeks
(54). Although attempts to organize participants on a
consistent schedule in terms of day and time of day,
this was not consistent due to scheduling logistics and
availability. Additionally, medication status during test-
ing was not recorded, therefore variability in function
due to medication status exists. The study included
only those in H&Y stages II and III therefore cannot
be generalized to people in other stages of the disease
progression. Minimal detectable change values have
not been established for backward gait using a 14-foot
instrumented walkway system, therefore clinically
meaningful change was unable to be determined. The
study was performed under supervision in a therapy
clinic and so its safety and acceptability cannot be
generalized to the home. More research is needed to
assess its safety in an unsupervised environment within
a home setting.

Conclusion

This study supports using a backward cycling program
in the clinic as a feasible, safe intervention that may
improve backward-stepping responses in people with
mild to moderate PD. Backward cycling may also
improve overall balance and gait parameters in both
the forward and backward direction, complementing
current evidence-based treatment approaches. Future
research is needed to determine the optimal dosage,
and to assess its safety and feasibility within an unsu-
pervised environment to determine its use at home. Ad-
ditionally, additional research is warranted to compare
backward and forward cycling to assess whether one
direction is superior.

ACKNOWLEDGMENT

The study was approved by the Midwestern University Office
of Research and Sponsored Programs (AZ 1128) and the Uni-
versity of Indianapolis Human Research Protections Program

The authors have no conflicts of interest to declare.

J Rehabil Med 56, 2024


http://www.medicaljournals.se/jrm

JRM

JRM

JRM

10

11.

12.

13.

14,

15.

16.

17.

18.

S. K. O’'Neal et al. "Backward Cycling and Parkinson’s disease”

REFERENCES

. Goodman CC, Fuller KS. Pathology: Implications for the

physical therapist. 4th ed. St. Louis, MO: Elsevier; 2015.

. Allen NE, Schwarzel AK, Canning CG. Recurrent falls in

Parkinson’s disease: a systematic review. Parkinsons Dis
2013; 2013: 1-17. DOI: 10.1155/2013/906274

. Grimbergen YA, Munneke M, Bloem BR. Falls in Parkinson’s

disease. Curr Opin Neurol 2004; 17: 405-415. DOI:
10.1097/01.wco0.0000137530.68867.93

. Hackney ME, Earhart GM. The effects of a secondary task

on forward and backward walking in Parkinson’s disease.
Neurorehabil Neural Repair 2010; 24: 97-106. DOI:
10.1177/1545968309341061

. Kellaher GK, Baudendistel ST, Roemmich RT, Terza MJ,

Hass CJ. Persons with Parkinson’s disease show impaired
interlimb coordination during backward walking. Parkin-
sonism Relat Disord 2022; 94: 25-29. DOI: 10.1016/j.
parkreldis.2021.11.029

. Maritz CA, Silbernagel KG, Pohlig R. Relationship of back-

ward walking to clinical outcome measures used to predict
falls in the older population: a factor analysis. Phys Ther
Rehabil 2017; 4: 1-7. DOI: 10.7243/2055-2386-4-14

. Horak FB, Dimitrova D, Nutt JG. Direction-specific pos-

tural instability in subjects with Parkinson’s disease. Exp
Neurol 2005; 193: 504-521. DOI: 10.1016/j.expneu-
rol.2004.12.008

. Carpenter MG, Allum JH, Honegger F, Adkin AL, Bloem BR.

Postural abnormalities to multidirectional stance perturba-
tions in Parkinson’s disease. J Neurol Neurosurg Psychiatry
2004; 75: 1245-1254. DOI: 10.1136/jnnp.2003.021147

. Ashburn A, Stack E, Ballinger C, Fazakarley L, Fitton C.

The circumstances of falls among people with Parkinson’s
disease and the use of Falls Diaries to facilitate re-
porting. Disabil Rehabil 2008; 30: 1205-1212. DOI:
10.1080/09638280701828930

. Schoneburg B, Mancini M, Horak F, Nutt JG. Framework

for understanding balance dysfunction in Parkinson’s di-
sease. Mov Disord 2013; 28: 1474-1482. DOI: 10.1002/
mds.25613

de Kam D, Nonnekes J, Oude Nijhuis LB, Geurts AC, Bloem BR,
Weerdesteyn V. Dopaminergic medication does not im-
prove stepping responses following backward and forward
balance perturbations in patients with Parkinson’s disease.
J Neurol 2014; 261: 2330-2337. DOI: 10.1007/s00415-
014-7496-3

Shen X, Mak MK. Repetitive step training with prepa-
ratory signals improves stability limits in patients with
Parkinson’s disease. J Rehabil Med 2012; 44: 944-949.
DOI: 10.2340/16501977-1056

Tseng 1J, Yuan RY, Jeng C. Treadmill training improves
forward and backward gait in early Parkinson disease. Am
J Phys Med Rehabil 2015; 94: 811-819. DOI: 10.1097/
PHM.0000000000000273

Jébges M, Heuschkel G, Pretzel C, Illhardt C, Renner C,
Hummelsheim H. Repetitive training of compensatory
steps: a therapeutic approach for postural instability in
Parkinson’s disease. J Neurol Neurosurg Psychiatry 2004;
75: 1682-1687. DOI: 10.1136/jnnp.2003.016550
Rawson KS, McNeely ME, Duncan RP, Pickett KA, Perlmutter
JS, Earhart GM. Exercise and Parkinson disease: compa-
ring tango, treadmill, and stretching. J Neurol Phys Ther
2019; 43: 26-32. DOI: 10.1097/NPT.0000000000000245
Hackney ME, Earhart GM. Tai Chi improves balance and
mobility in people with Parkinson disease. Gait Posture
2008; 28: 456-460. DOI: 10.1016/j.gaitpost.2008.02.005
McGough EL, Robinson CA, Nelson MD, Houle R, Fraser G,
Handley L, et al. A tandem cycling program: feasibility and
physical performance outcomes in people with Parkinson
disease. J Neurol Phys Ther 2016; 40: 223-229. DOI:
10.1097/NPT.0000000000000146

Barroso FO, Torricelli D, Moreno JC, Taylor J, Gomez-Soe-
riano J, Bravo-Esteban E, et al. Shared muscle synergies

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

p. 7 of 8

in human walking and cycling. J Neurophysiol 2014; 112:
1984-1998. DOI: 10.1152/jn.00220.2014

Chvatal SA, Torres-Oviedo G, Safavynia SA, Ting LH.
Common muscle synergies for control of center of mass
and force in nonstepping and stepping postural behaviors.
J Neurophysiol 2011; 106: 999-1015. DOI: 10.1152/
jn.00549.2010

Bressel E, Heise GD, Bachman G. A neuromuscular and
metabolic comparison between forward and reverse peda-
ling. J Appl Biomech 1998; 14: 401-411. DOI: 10.1123/
jab.14.4.401

Dalrymple-Alford JC, MacAskill MR, Nakas CT, Livingston L,
Graham C, Crucian GP, et al. The MoCA: well-suited
screen for cognitive impairment in Parkinson disease.
Neurology 2010; 75: 1717-1725. DOI: 10.1212/
WNL.0b013e3181fc29c9

Herzog, MA. Considerations in determining sample size for
pilot studies. Res Nurs Health 2008; 31: 180-191. DOI:
10.1002/nur.20247

Gill DJ, Freshman A, Blender JA, Ravina B. The Montreal
Cognitive Assessment as a screening tool for cognitive
impairments in Parkinson’s disease. Mov Disord 2008; 23:
1043-1046. DOI: 10.1002/mds.22017

Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S,
Martinez-Martin P, et al. Movement Disorder Society-spon-
sored revision of the Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS): scale presentation and clinimetric
testing results. Mov Disord 2008; 23: 2129-2170. DOI:
10.1002/mds.22340

Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT,
Counsell C, et al. Movement Disorder Society Task Force
report on the Hoehn and Yahr staging scale: status and
recommendations. Mov Disord 2004; 19: 1020-1028.
DOI: 10.1002/mds.20213

Jacobs 1V, Horak FB, Van Tran K, Nutt JG. An alternative
clinical postural stability test for patients with Parkinson’s
disease. J Neurol 2006; 253: 1404-1413. DOI: 10.1007/
s00415-006-0224-x

Bilney B, Morris M, Webster K. Concurrent related validity
of the GAITRite walkway system for quantification of the
spatial and temporal parameters of gait. Gait Posture
2003; 17: 68-74. DOI: 10.1016/s0966-6362(02)00053-x
Van Uden CJ, Besser MP. Test-retest reliability of temporal
and spatial gait characteristics measured with an instru-
mented walkway system (GAITRite®). BMC Musculoskelet
Disord 2004; 5: 13. DOI: 10.1186/1471-2474-5-13
McDonough AL, Batavia M, Chen FC, Kwon S, Ziai J. The
validity and reliability of the GAITRite system’s measure-
ments: a preliminary evaluation. Arch Phys Med Rehabil
2001; 82: 419-425. DOI: 10.1053/apmr.2001.19778

Di Carlo S, Bravini E, Vercelli S, Massazza G, Ferriero G.
The Mini-BESTest: a review of psychometric properties.
Int J Rehabil Res 2016; 39: 97-105. DOI: 10.1097/
MRR.0000000000000153

Steffen T, Seney M. Test-retest reliability and minimal
detectable change on balance and ambulation tests,
the 36-item short-form health survey, and the unified
Parkinson disease rating scale in people with parkin-
sonism. Phys Ther 2008; 88: 733-746. DOI: 10.2522/
ptj.20070214

ATS Committee on Proficiency Standards for CLinical Pul-
monary Function Laboratories. ATS Statement: Guidelines
for the six-minute walk test. Am J Respir Crit Care Med
2002; 166: 111-117. DOI: 10.1164/ajrccm.166.1.at1102
Sartor-Glittenberg C, Brickner L. A multidimensional
physical therapy program for individuals with cerebellar
ataxia secondary to traumatic brain injury: a case se-
ries. Physiother Theory Pract 2014; 30: 138-148. DOI:
10.3109/09593985.2013.819952

Beier M, Bombardier CH, Hartoonian N, Motl RW, Kraft
GH. Improved physical fitness correlates with improved
cognition in multiple sclerosis. Arch Phys Med Rehabil
2014; 95: 1328-1334. DOI: 10.1016/j.apmr.2014.02.017

J Rehabil Med 56, 2024


http://www.medicaljournals.se/jrm

JRM

JRM

JRM

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

S. K. O’'Neal et al. "Backward Cycling and Parkinson’s disease”

Asplund C, St Pierre P. Knee pain and bicycling: fitting
concepts for clinicians. Phys Sportsmed 2004; 32: 23-30.
DOI: 10.3810/psm.2004.04.201

Borg GA. Psychophysical bases of perceived exertion. Med
Sci Sports Exerc 1982; 14: 377-381.

Penko AL, Barkley JE, Koop MM, Alberts JL. Borg scale is
valid for ratings of perceived exertion for individuals with
Parkinson’s disease. Int J Exerc Sci 2017; 10: 76-86.
Cohen J. Statistical power analysis for the behavioral sci-
ences. 2nd ed. New York: Routledge; 1988.

Fritz CO, Morris PE, Richler ]1. Effect size estimates: cur-
rent use, calculations, and interpretation. J Exp Psychol
Gen 2012; 141: 2-18. DOI: 10.1037/a0024338

Gray P, Hildebrand K. Fall risk factors in Parkinson’s
disease. J Neurosci Nurs 2000; 32: 222-228. DOI:
10.1097/01376517-200008000-00006

Zaman A, Ellingson L, Sunken A, Gibson E, Stegemdller
EL. Determinants of exercise behaviour in persons with
Parkinson’s disease. Disabil Rehabil 2021; 43: 696-702.
DOI: 10.1080/09638288.2019.1638975

Prakash P, Scott TF, Baser SM, Leichliter T, Schramke CJ.
Self-reported barriers to exercise and factors impacting
participation in exercise in patients with Parkinson’s
disease. Mov Disord Clin Pract 2021; 8: 631-633. DOI:
10.1002/mdc3.13197

Pickering RM, Fitton C, Ballinger C, Fazakarley L, Ashburn
A. Self reported adherence to a home-based exercise pro-
gramme among people with Parkinson’s disease. Parkin-
sonism Relat Disord 2013; 19: 66-71. DOI: 10.1016/j.
parkreldis.2012.07.006

Quinn L, Busse M, Khalil H, Richardson S, Rosser A, Morris
H. Client and therapist views on exercise programmes
for early-mid stage Parkinson’s disease and Huntington’s
disease. Disabil Rehabil 2010; 32: 917-928. DOI:
10.3109/09638280903362712

McVey MA, Amundsen S, Barnds A, Lyons KE, Pahwa R,
Mahnken JD, Luchies CW. The effect of moderate
Parkinson’s disease on compensatory backwards step-
ping. Gait Posture 2013; 38: 800-805. DOI: 10.1016/j.
gaitpost.2013.03.028

Lindholm B, Hagell P, Hansson O, Nilsson MH. Prediction

47.

48.

49.

50.

51.

52.

53.

54.

55.

p. 8 of 8

of falls and/or near falls in people with mild Parkinson’s
disease. PLoS One 2015; 10: e0117018. DOI: 10.1371/
journal.pone.0117018

Uygur M, Bellumori M, Knight CA. Effects of a low-
resistance, interval bicycling intervention in Parkinson’s
disease. Physiother Theory Pract 2017; 33: 897-904.
DOI: 10.1080/09593985.2017.1359868

Bryant MS, Rintala DH, Hou JG, Lai EC, Protas EJ. Effects of
levodopa on forward and backward gait patterns in persons
with Parkinson’s disease. NeuroRehabilitation 2011; 29:
247-252. DOI: 10.3233/NRE-2011-0700

Herman T, Giladi N, Hausdorff JM. Treadmill training for the
treatment of gait disturbances in people with Parkinson’s
disease: a mini-review. J Neural Transm 2009; 116:
307-318. DOI: 10.1007/s00702-008-0139-z

Godi M, Arcolin I, Giardini M, Corna S, Schieppati M.
Responsiveness and minimal clinically important dif-
ference of the Mini-BESTest in patients with Parkinson’s
disease. Gait Posture 2020; 80: 14-19. DOI: 10.1016/j.
gaitpost.2020.05.004

Liguori G, Feito Y, Fountaine C, Roy BA, editors. ACSM’s
Guidelines for exercise testing and prescription. Philadel-
phia, PA: Wolters Kluwer; 2022.

van der Kolk NM, de Vries NM, Kessels RPC, et al. Effec-
tiveness of home-based and remotely supervised aerobic
exercise in Parkinson’s disease: a double-blind, randomi-
sed controlled trial. Lancet Neurol 2019; 18: 998-1008.
DOI: 10.1016/S1474-4422(19)30285-6

Barajas JS, Peterson DS. First-trial protective step perfor-
mance before and after short-term perturbation practice
in people with Parkinson’s disease. J Neurol 2018; 265:
1138-1144. DOI: 10.1007/s00415-018-8821-z

Protas EJ, Mitchell K, Williams A, Qureshy H, Caroline K,
Lai EC. Gait and step training to reduce falls in Parkinson’s
disease. NeuroRehabilitation 2005; 20: 183-190. DOI:
10.3233/NRE-2005-20305

Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell
JL. The effectiveness of exercise interventions for people
with Parkinson’s disease: a systematic review and meta-
analysis. Mov Disord 2008; 23: 631-640. DOI: 10.1002/
mds.21922

J Rehabil Med 56, 2024


http://www.medicaljournals.se/jrm

