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Abstract
Background. Exercise is increasingly becoming recognized as an important adjunct to medications in the clinical management of
Parkinson’s disease (PD). Boxing and sensory exercise have shown immediate benefits, but whether they continue beyond
program completion is unknown. This study aimed to investigate the effects of boxing and sensory training on motor symptoms
of PD, and whether these benefits remain upon completion of the intervention. Methods. In this 20-week double-blinded
randomized controlled trial, 40 participants with idiopathic PD were randomized into 2 treatment groups, (n = 20) boxing or (n
= 20) sensory exercise. Participants completed 10 weeks of intervention. Motor symptoms were assessed at (week 0, 10, and
20) using the Unified Parkinson’s Disease Rating Scale (UPDRS-III). Data were analyzed using SPSS, and repeated-measures
ANOVA was conducted. Results. A significant interaction effect between groups and time were observed F(1, 39) = 4.566, P =
.036, where the sensory group improved in comparison to the boxing group. Post hoc analysis revealed that in comparison to
boxing, the effects of exercise did not wear off at washout (week 20) P < .006. Conclusion. Future rehabilitation research should
incorporate similar measures to explore whether effects of exercise wear off post intervention.
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Introduction

Exercise is often prescribed as an adjunct therapy to medi-
cations to improve the debilitating motor symptoms of
Parkinson’s disease (PD). Improving the symptoms of PD
may have additional benefits to independence and improved
quality of life (QOL) for those with PD. Research suggests
exercise is a valid adjunct therapy to medications as some
exercise rehabilitation programs have been shown to acutely
improve disease severity of PD immediately after treatment
completion.1 However, it is equally important to investigate
whether the benefits of treatment continue beyond program
cessation, if there is potential for the interventions to improve
the underlying mechanisms of disease.

There are 2 therapeutic approaches that have been widely
highlighted in PD rehabilitation literature. Currently, as a high-
intensity form of exercise, boxing has gained immense pop-
ularity to treat symptoms of PD.2-4 High intensity exercise,
such as boxing, has been suggested to promote the release of
neurotrophic factors such as brain-derived neurotrophic factor
(BDNF), which supports the survival and production of do-
paminergic neurons in the basal ganglia, improving overall

disease severity.5-10 Interestingly, animal models have sug-
gested that increased BDNF levels after high-intensity exercise
are correlated to increased motor improvement. This adds to
the possibility that boxing is beneficial for PD motor symp-
toms.11-13 Similarly, sensory exercise can target potential
executive function and sensory deficits that may underlie the
motor symptoms of PD.15-20 Sensory exercise is low intensity
and requires participants to complete exercise with their eyes
closed.16 Previous studies have suggested sensory allows for
sustained levels of dopamine in the basal ganglia, improving
overall disease severity of PD.14,15 Similar to high-intensity
exercise, animal models that have explored sensory training
have also shown that rodents experience improvements to
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motor symptoms which are maintained post-intervention using
a handgrip test.21-23 Together, these therapeutic approaches
have the potential to have long-lasting improvement based on
their ability to improve acute disease severity.

The previous studies conducted on boxing and sensory
exercise have 3 major limitations. First, washout benefits
were rarely accounted for.2,3,15-20 Most studies only included
a short washout period, and while these studies can conclude
immediate improvements may be achievable, lasting effects
of exercise may be missed. It has been suggested that a
sufficient washout period (∼more than 8 weeks) must be
employed to account for any potential long-term impact of
treatment.24 Second, even if a washout period is employed,
most studies only use 1 assessment tool, the Unified Parkinson’s
Disease Rating Scale (motor subsection) (UPDRS-III) to assess
symptom severity. While this assessment tool has high
concurrent validity, reliability, and interrater reliability,25,26 it
is a subjective assessment tool, leading researchers to advise
objective measures to accompany disease severity scores.27

When examining the lasting effects of an exercise therapy,
small changes to disease severity may be better captured
using an objective assessment tool and may further validate
the findings.28 Finally, previous studies conducted on box-
ing2,3 and sensory exercise15-20 did not account for external
physical activity levels. Similar to drug trials, it is im-
portant to ensure the results of a rehabilitation therapy
which can be attributed solely to the intervention. Potential
confounding factors which may affect the results would be
participation in other exercise programs (e.g., Tai Chi),
learning a new skill (e.g., needlework), or seasonal ac-
tivities (e.g., snowboarding and golf) that may affect a
person’s overall activity level, thereby influencing the
motor outcomes measured in a rehabilitation study.20,29,30

Oftentimes, in current PD rehabilitation literature, these
factors are unaccounted for, making it difficult to confirm
whether the results of the exercise are only due to the
treatment itself.32,33 As such, it is important to monitor
everyday activities using a comprehensive physical ac-
tivity questionnaire such as the Community Health Ac-
tivities Model Program for Seniors.

Although both boxing and sensory exercise present with
disease severity improvement immediately after interven-
tion,2,3,15-20 studies have yet to investigate how long the
benefits of these programs last after program cessation, which
would be more indicative of the programs ability to impact
the underlying disease. As such, this study aimed to compare
the effect of high-intensity boxing and sensory exercise on
Parkinson’s disease severity and whether or not these effects
wear off. As both boxing5-10 and sensory exercise18 may
impact the underlying neural mechanisms of Parkinson’s, it
was hypothesized that both programs would improve disease
severity postexercise and the benefits would not wear off after
the cessation of exercise.

Methods

Participants

Participants with idiopathic Parkinson’s were recruited from
the Movement Disorders Research and Rehabilitation Centre
at Wilfrid Laurier University. To be eligible to participate,
participants could not have any additional clinical diagnoses
of another neurological disease other than Parkinson’s. Prior
to evaluation, informed consent was obtained according to
the Declaration of Helsinki. Full ethics approval was obtained
from the Ethics Review Board of Wilfrid Laurier (REB
#5801). This RCT study was registered with the US National
Institutes of Health (ClinicaTrials.gov Identifier: NCT03618901).
Participants also completed a Physical Activity Readiness
Medical Examination (PARMED-X) form that was signed
by a physician (if required). It should be noted that par-
ticipant recruitment and assessments are ongoing for this
study.

Blinding, Study Design, and Randomization

In order to minimize a source of bias, this is a double-blinded
study. Assessors were blinded to the group allocation. Par-
ticipants were blinded to the benefits of each intervention and
the study hypothesis.28 The present study is a 20-week
double-blinded parallel group randomized controlled trial.
In this study, individuals participated in an exercise inter-
vention for the first 10 weeks followed by a 10-week washout
period (to assess whether the benefits wear off). Throughout
the 20 weeks, participants were instructed to maintain their
usual levels of physical activity and avoid changes to
medications. Further, participants were not asked to modify
their medication schedule to accommodate for exercise
timing. Power analysis based on data from previous pub-
lished rehabilitation study2,13,16,17,19,34 and the minimal
clinically important difference in the UPDRS-III indicated a
need for approximately 32 total (16 per group) to have 80%
power, assuming a 5% type I error (α value). We have sat-
isfied these requirements. We assessed the eligibility of 85
participants, and 40 participants (20 per group) were ran-
domized into 1 of 2 intervention groups using a computer-
based number generator: boxing or Parkinson’s disease
sensory attention focused exercise (PD SAFExTM) (see
Figure 1).

Boxing. As there is no set protocol for boxing, an established
Rock Steady Boxing, Inc (RSB) certified coach’s exercise
protocol was adapted for this study. The RSB exercise leaders
were taught by a RSB certified coach (KS), each class was
delivered 3 times a week for 10 weeks and lasted 60 minutes.
Each boxing class consisted of a warm-up, boxing specific
exercise (high-intensity boxing drills, shadow boxing,
jumping jacks, and speedbag drills) and a cool down.
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As each week progressed, the exercises became more
challenging, and participants were continuously encouraged
to push themselves to work harder. Intensity was measured
using a self-perceived exertion scale.

Parkinson’s disease sensory attention focused exercise. Sensory
exercise was taught by a senior kinesiology undergraduate
student, and each class was delivered 3 times a week for
10 weeks and lasted 60 minutes. Each sensory class consisted
of a warm-up, sensory specific exercise (stretches, walking,
and chair exercises where participants were encouraged to
complete the exercises slowly, in a controlled manner and
with their eyes closed) and a cooldown.14 As each week
progressed, the exercises became more challenging.

Outcome Measures

Primary. The primary outcome measure in this study was
disease severity and it was measured using the UPDRS-III.
The UPDRS-III assessment was used as it is the gold standard
assessment tool to measure disease severity in Parkinson’s
in both rehabilitation and pharmaceutical trials.25,26,28 All

assessments were conducted by the same, blinded, experi-
enced assessor. Participants were assessed in the ON medi-
cation state (approximately 1 hour after administration of
medication) to study the effects of exercise in adjunct to
dopaminergic therapy.

Secondary. Several secondary outcome measures were em-
ployed to control for factors that may influence the effects of
the exercise program on the primary outcome measure. In
addition to UPDRS-III, gait parameters were used as an
instrumental measure of disease severity. Specifically, stride
length and stride velocity have been suggested to be closely
linked to overall motor symptom severity.29 Both of these
parameters have been widely used in Parkinson’s literature
alongside UPDRS-III to monitor disease severity.28,29 As
such if the exercise interventions have a lasting effect on
Parkinson’s, it is important to evaluate whether these effects
are present in these specific gait parameters. To do this,
participants were asked to walk at a comfortable pace across a
10 m long .61 m wide electronic walkway (Zeno Walkway-
ProtoKinetics). In this study, 2 walking tasks were assessed.
The first task was baseline walking where participants began

Figure 1. CONSORT flow diagram illustrating participant recruitment, randomization and flow over the course of the study.
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walking 2 m before the start of the walkway and walked 2 m
beyond the end of the walkway to avoid collecting accel-
eration and deceleration. In the second task, participants
began walking 2 m before the start of the walkway (to avoid
acceleration), walked to the end of the walkway, turned
(180°) on the walkway, and walked back 2 m beyond the end
(to avoid deceleration). Further, the Community Health
Activities Model Program for Seniors (CHAMPS) was used
to monitor physical activity throughout the study. This was
important because physical activity levels prior and during
participation may influence the benefit the exercise inter-
ventions provide.20,30,31 While CHAMPS is not specifically
designed for the PD population, it acts as a questionnaire
addressing various types of physical activity a senior may
participate in. As there is currently no specific developed
questionnaire to monitor physical activity levels for those
with Parkinson’s, CHAMPS was used in this study. Addi-
tionally, previous studies have indicated that CHAMPS has
high reliability, validity, and sensitivity to change.32,33 Fi-
nally, to assess the effects of exercise on participants’ per-
ceived QOL, the Parkinson’s Disease Questionnaire-39
(PDQ-39) was used.

Data Analysis

Statistical Program Software for Social Sciences (SPSS) was
used to analyze the data. Independent T-tests were conducted to
assess if groups were comparable at pre-assessment (levodopa
equivalent dosage, disease severity, age, and years of diag-
nosis). The primary outcome measure (UPDRS-III) was ex-
plored using a 2-factor mixed repeated-measures ANOVA (2
groups × 3 evaluation times). The secondary outcome mea-
sures were also explored using a repeated-measures ANOVA.
To further explore the data, pairwise comparisons of within
(differences between each timepoint) and between (differences
between RSB and PD SAFExTM) were explored. Significant
interactions were followed up with Tukey’s post hoc, and
alpha level was set at .05 for all analyses.

Results

Demographics

Disease severity for participants randomized to the RSB and
PD SAFExTM groups at pre-assessment were equal t(39) =
1.7, P = .097. Additionally, neither group differed signifi-
cantly in physical activity levels t(39) = 2.04, P = .072, nor
medication dosage (Levodopa equivalent dosage) pre- and
post-intervention. All participants can be seen in Table 1.

Primary Outcome Measure

Disease severity was measured using the UPDRS-III scale (see
Table 2). A significant main effect of group on motor symptom
severity was discoveredF(1, 39) = 4.566,P = .036. A significant
group by time interaction was also discovered F(1, 39) =
19.566, P < .0001. Post hoc revealed that the PD SAFExTM

group presented with greater improvements to motor
symptoms compared to the RSB group at post-assessment
(MD = 13.8, SE = 3.1, and P < .0001) and at washout (MD =
13.7, SE = 3.3, and P < .006). Whereas symptoms in the
RSB group worsened at post assessment (MD = �5.04,
SE = .8, and P < .033) and washout (MD = �5.77, SE = .9,
and P < .04) compared to baseline (see Figure 2).

Secondary Outcome Measures

Disease severity was objectively monitored using gait pa-
rameters (see Table 3). A significant main effect of group was
found F(1, 39) = 1396.309, P < .044 for stride length. A
significant interaction between group and time was identified
for stride length F(2, 39) = 5.307, P < .007. Stride length
increased from 1.46 m to 1.73 m (+.27 m change) imme-
diately following PD SAFExTM and was 1.76 m at the end of
washout. No significant difference was seen in stride length
for the RSB group post-intervention and decreased by .09 m
at washout. A main effect of group was seen for stride

Table 1. Demographic Characteristics (Standard Deviation in Parentheses).

RSB PD SAFEx�

Number of participants (n) 20 20
Age (years) 64.2 (9.8) 65.1 (9.2)
Number of years since diagnosis 6.38 (4.9) 7.82 (5.2)
Program adherence (%) 96% (2.26) 98% (1.65)
Baseline disease severity 28.38 (11.41) 28.44 (14.23)
Hoehn and Yahr stage 2.5 2.5
Levodopa equivalent dose (mg/d)
Pre 612.13 (220.75) 608.11 (238.44)
Post 613.13 (232.12) 608.23 (258.25)
Washout 602.13 (225.60) 599.01 (242.42)

Abbreviations: RSB, Rock Steady Boxing, Inc; PD SAFExTM, Parkinson’s disease sensory attention focused exercise.
Any significant findings will be marked with an asterisk (*).
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velocity F(1, 39) = 8.184, P < .007. Where the PD SAFExTM

group had experienced an increase in stride velocity (MD =
.144, SE = .05, and P < .007). An interaction effect between
group and time was also found F(1, 39) = 9.825, P < .0001.
Stride velocity increased by .97 m/s from baseline to washout
for the PD SAFExTM group. Total stride velocity decreased
by .08 m/s for the RSB group at washout from baseline.

Physical activity levels were monitored at the start and
throughout the intervention. No significant effect of group or
time was observed for CHAMPS for both groups.

PDQ-39 results revealed a significant difference between
groups F(1, 39) = 1.27, P = .049) from pre-assessment to
washout. Post hoc revealed both PD SAFExTM and RSB
maintained improvements to QOL.

Discussion

This was the first RCT to compare boxing and sensory ex-
ercise for Parkinson’s disease. In this study, it was found that
in comparison to boxing, sensory exercise improved disease
severity that did not wear off at washout. Therefore, the
hypothesis was not supported.

Immediately after intervention, the sensory exercise group
indicated improvements to disease severity in comparison to
the boxing group. This was further supported by gait pa-
rameters (improved stride length and velocity) linked to
disease severity. These findings are consistent with previous
literature suggesting that sensory exercise can improve the
motor symptoms of PD.18-20 In comparison, immediately
after the intervention, boxing did not improve disease se-
verity. This is in line with a previous study that assessed
disease severity and boxing, where researchers indicated
motor scores fluctuated after boxing, where 2 of the 6 par-
ticipants experienced improvements to symptoms.3 Of the
gait parameters assessed, a slight increase in stride length was
seen. This is contrary to a previous study that had reported
improvements to gait velocity post-boxing.3 However, it is
unclear whether the previous study measured stride or step
velocity, and therefore, it is possible that an increased stride
length was a contributing factor to the improved gait velocity

previously reported. Moreover, it should be noted that in this
previous study, participants took part in 12 weeks of boxing
exercise. As such, even though participants in the current
study only took part in 10 weeks of exercise, the motor
outcome was not significantly different.

Once immediate effects were established, this study aimed to
assess whether these effects wore off. At the end of the washout
period, in comparison to the boxing group, the sensory group
maintained improved levels of disease severity. Importantly,
improvement in UPDRS-III scores from pre- to washout as-
sessment for the sensory group is double the change needed to
reach minimal clinical importance (greater than a 5-point
change).35,36 This is line with previous research utilizing sim-
ilar exercise protocols involving slow and controlled moment
(external focused exercise,17 blindfolded balance training,37

balance training HIBalance,38 progressive modular rebalancing,39

and Tai Chi exercises40). The lasting improvements to
disease severity post-sensory may have been due to the
improved functioning of the remaining dopaminergic neurons
as a result of the increased sensory stimulation passing
through the basal ganglia during exercise.11,14,29,34,41,42 In
comparison to sensory exercise, boxing did not have a lasting
effect on disease severity. This is contrary to recent reha-
bilitation literature that have stated high-intensity exercise
(e.g., treadmill training,43 tandem cycling,44 multidisciplinary
intensive rehabilitation treatments,45 and aerobic exercise46)
can greatly improve disease severity as well as potentially
have a neuroprotective effect. One difference between these
studies and the current one is that intensity was not quantified.
The results of the current study may have been different if a
heart rate monitor was utilized during exercise to assess
maximum heart rate to determine whether high-intensity
exercise was achieved47 instead of using self-perceived ex-
ertion ratings to judge intensity.8,30 Or it may have been
useful to incorporate VO2 testing or handgrip tests to monitor
the effects of the high-intensity exercise.48,49

Improvements to disease severity were also seen in gait
parameters. Specifically, stride length and stride velocity
remained increased (improved) at washout for the sen-
sory group. This may be because sensory exercise has the

Table 2. Primary Outcome Measure (UPDRS-III Scores) as Group Averages (Standard Deviation in Parentheses).

Within-group differences (pre-post): mean ± SE
(95% CI) (pre-washout): mean ± SE (95% CI)

Between-group differences
mean ± SE (95% CI)

Groups MDC* (greater than 5 points)28 MDC* (greater than 5 points)28

PD SAFExTM RSB PD SAFExTM RSB PD SAFExTM vs RSB

UPDRS-III
Pre 28.8 (10.19) 28.37 (11.22) .5 ± 3.3 (�6.3 to 7.3)
Post 19.60 (10.03) 33.41 (9.67) 9.2 ± 1.1 (.4 to 6.1) �5.04 ± .8 (�.9 to �3.4) 13.8 ± 3.1 (�20.1 to �7.4)
Washout 20.45 (10.95) 34.14 (10.69) 8.35 ± 1.2 (.2 to 4.2) �5.77 ± .9 (�.76 to �3.49) 13.7 ± 3.3 (�20.4 to �6.98)

Abbreviations: RSB, Rock Steady Boxing, Inc; PD SAFExTM, Parkinson’s disease sensory attention focused exercise; UPDRS-III, Unified Parkinson’s Rating Scale
subsection III; MDC, minimal detectable change.
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ability to improve underlying symptoms such as rigidity and
postural instability.15 Previous studies have noted that ri-
gidity and postural instability may reduce forward pro-
pulsion and thereby negatively affect stride length and stride
velocity.23,50-53 As such, sustained improvements to rigid-
ity and postural instability due to sensory exercise may
then translate to improvements in gait parameters.54,55 In
comparison, stride length and stride velocity did not change at
washout for the boxing group. This may be because boxing did

not influence the underlying neurological disease, and as such,
participants continued to have impaired gait. It should be noted
that no significant changes were seen in physical activity levels
or medications. This lack of change in external physical ac-
tivity levels and medications suggests that the changes seen
throughout the study are a result of the intervention and not of
external confounding factors such as exercise.

Despite these differing results at washout, both boxing and
sensory exercise improved self-perceived QOL, which was

Table 3. Secondary Outcome Measures and Significant Main Effects. (Standard Deviation in Parentheses).

RSB PD SAFEx� Effect

Stride length (m)
Pre 1.48 (.24) 1.46 (.13) Main effect of group: F(1, 39) = 1396.309, P < .044*
Post 1.47 (.22) 1.73 (.52) Interaction effect of group ∗ time: F(2, 39) = 5.307,

P < .007*Washout 1.39 (.22) 1.76 (.38)
Stride velocity (m/s)
Pre 1.40 (.17) 1.433 (.13) Main effect of group: F(1, 39) = 8.184, P < .007*
Post 1.36 (.18) 1.53 (.20) Interaction effect of group ∗ time: F(2, 39) = 9.825,

P < .0001*Washout 1.32 (1.18) 1.55 (.21)
CHAMPS
Pre 3149.82 (2040.11) 3844.71 (2963.80) No significant effects or interactions
Post 3146.17 (2059.17) 3847.99 (2483.90)
Washout 3147.20 (2102.12) 3850.9 (2863.80)

PDQ-39
Pre 31.4 (21.97) 35.33 (23.52) Significant effect of time: F(2, 39) = 56.533, P <

.0001*Post 26.20 (30.62) 30.62 (21.75)
Washout 26.35 (21.53) 30.71 (21.29)

Abbreviations: RSB, Rock Steady Boxing, Inc, PD SAFExTM, Parkinson’s disease sensory attention focused exercise; UPDRS-III, Unified Parkinson’s Rating Scale
subsection III; PDQ-39, Parkinson’s Disease Questionnaire-39; CHAMPS, Community Health Activities Model Program for Seniors. Note: Significance is
indicated by an ∗.

Figure 2. Change in disease severity (UPDRS-III) at pre-assesment, post-assessment, and washout for the boxing and sensory exercise
groups. UPDRS-III, Unified Parkinson’s Rating Scale subsection III.
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maintained throughout the duration of the study. The
maintenance of the improved self-perceived QOL despite
exercise intervention was to be expected as participation in
any exercise is likely to lead to an improved perception of
QOL.56-58 While improvements to QOL reflect disease se-
verity improvement seen in sensory exercise, QOL im-
provements were also maintained throughout boxing despite
lack of improvement to disease severity. This may be because
participants experienced increased musculoskeletal gains
during boxing rather than improvements to the underlying
neurological disease. A past study conducted on boxing
discussed that during informal interviews participants de-
scribed boxing training as enjoyable and were happy to be a
part of this group.59,60 The fun, enjoyable nature of boxing
allows participants to feel as though they are part of a
community, which may allow them to have a positive outlook
on the severity of their disease.3,61 Recent literature has
suggested that perceived QOL may have a more significant
effect on a person’s well-being in comparison to clinical
outcomes, indicating that this may be an important consid-
eration when comparing boxing and sensory exercise.58 This
would be an important consideration for future research.

Some limitations were present in this study. PD SAFExTM

was created by one of the authors of this study (QJA);
however, there is no financial benefit or gain associated with
PD SAFExTM. QJAwas completely blinded to the allocation
of the participants and in order to control for any potential
unconscious bias gait parameters were employed. Our re-
sults provide striking similarities between the computerized
sensor carpet (used for gait) and the disease severity scores
(UPDRS-III).

Conclusions

In conclusion, we have found sensory exercise in comparison
to boxing had an effect on disease severity, where the im-
provements were sustained beyond cessation of the program.
This was reflected in UPDRS-III scores as well as unbiased
computerized gait data linked to disease severity. Future studies,
should incorporate similar methods to explore PD disease se-
verity and whether or not effects of a treatment wear off.
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