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Abstract

Background and Purpose—There is a paucity of effective treatment options to reduce falls in 

Parkinson’s disease (PD). Although a variety of rehabilitative approaches have been shown to 

improve balance, evidence of a reduction in falls has been mixed. Prior balance trials suggest that 

programs with highly challenging exercises had superior outcomes. We investigated the effects of 

a theoretically driven, progressive, highly challenging group exercise program on fall rate, 

balance, and fear of falling.

Methods—Twenty-three subjects with PD participated in this randomized cross-over trial. 

Subjects were randomly allocated to 3 months of active balance exercises or usual care followed 

by the reverse. During the active condition, subjects participated in a progressive, highly 

challenging group exercise program twice weekly for 90 minutes. Outcomes included a change in 

fall rate over the 3-month active period and differences in balance (Mini-BESTest), and fear of 

falling (Falls Efficacy Scale-International (FES-I)) between active and usual care conditions. 

Results: The effect of time on falls was significant (regression coefficient = −0.015 per day, 

p<0.001). The estimated rate ratio comparing incidence rates at time points one month apart was 

0.632 (95% CI 0.524 to 0.763). Thus, there was an estimated 37% decline in fall rate per month 

(95% CI 24% to 48%). Improvements were also observed on the Mini-BESTest (p=0.037) and 

FES-I (p=0.059).
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Discussion and Conclusions—The results of this study show that a theoretically based, 

highly challenging, and progressive exercise program was effective in reducing falls, improving 

balance, and reducing fear of falling in PD.
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Introduction

Impaired balance is one of the cardinal signs of Parkinson’s disease (PD). Sixty-eight 

percent of people living with PD in the community sustain at least one fall per year which is 

double the fall rate reported in healthy older adults.1 Notably, 50.5% of fallers with PD 

reported recurrent falls (at least two) over a one-year period.2 Falls are a major cause of 

disability and reduced quality of life in people with PD and result in devastating injuries 

such as hip fractures that are significantly more common in PD than in those with other 

medical conditions.3,4 In addition, falls are associated with increased risk of hospital and 

nursing home admissions and ultimately with decreased survival rates. The economic impact 

related to healthcare costs is about twice as much in fallers as non-fallers with PD.5

Identifying interventions that successfully improve postural control and reduce fall rate is 

critical to reduce disability, improve QOL and potentially increase survival in people with 

PD. Although the gold standard dopaminergic pharmacological interventions are effective in 

reducing bradykinesia, rigidity, and tremor, these medications are not effective in 

ameliorating balance deficits and reducing falls in people with PD.6,7 Several randomized, 

controlled trials (RCTs) show that a variety of rehabilitative approaches have been effective 

in improving balance in persons with PD.8 A meta-analysis of fifteen randomized and quasi-

randomized controlled trials of exercise and motor training interventions targeting balance in 

PD found significant improvement in balance in the context of walking velocity, 

transitioning from sitting to standing, and standing balance activities.9 Despite the evidence 

of improved balance, results revealed no evidence of a reduction in falling; however, only 2 

trials included falls as an outcome.9

More recent clinical trials have specifically examined the effects of exercise interventions on 

reducing falls in persons with PD. A 10-week group strengthening and balance training 

program in persons with PD showed no significant difference in incidence rate for falls 

compared to a usual care control condition.10 A 6-month tai chi program in PD resulted in a 

lower incidence of falls compared with stretching but not compared to resistance training.11 

An 8-week strength training program and a movement strategy training program both 

resulted in significantly fewer falls at 12 months compared to a life-skills education 

program.12 In addition, a 6-month minimally supervised, home-based balance and 

strengthening program plus cueing strategies to reduce freezing of gait did not significantly 

reduce fall rate compared to a usual care condition.13 Finally, a 4-week sensorimotor agility 

program was found to be of value for improving balance when delivered as individualized 

physical therapy, but not when delivered as a group class, or through a home exercise 
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program. Although these recent studies provide some evidence suggesting that falls are 

modifiable in PD, results are mixed.

Balance exercises alone, balance combined with strengthening exercises, cueing, gait 

training on a treadmill, tai chi, and functional training have all been shown to improve 

balance control in PD.8,9,14,15 The large degree of variability in these rehabilitative 

approaches suggests they may share salient, common features that contribute to the greatest 

improvements in balance and therefore may be most likely to impact falls.8,9 The 

aforementioned meta-analysis suggested that higher doses of training and highly challenging 

balance training (i.e., exercises that specifically involved movement of the center of mass, 

narrowing the base of support, and minimizing the upper extremity support) had the most 

robust outcomes (5 studies) and may be necessary to reduce falls.9

Given the relative paucity of trials examining the effects of exercise training on falls and the 

suggestion that higher doses of highly challenging approaches may lead to better outcomes, 

the purpose of this study was to investigate the effects of a theoretically driven, highly 

challenging balance program on fall rate in a randomized, controlled cross-over trial. We 

hypothesized that the number of falls among subjects in the active treatment period would 

significantly decline over the course of the 3-month intervention period. In addition, we 

hypothesized that balance and fear of falling would significantly improve during the active 

treatment period compared to the inactive period in which usual care was provided.

Methods

Design Overview

A randomized cross-over trial of a 3-month high intensity balance exercise intervention for 

people with PD was conducted in 2012 to 2013. Participants were recruited from XXXXXX 

XXXXXXX Parkinson’s Disease and Movement Disorders Center and the Center for 

Neurorehabilitation. Subjects participated in a baseline assessment session, followed by 

random allocation to 3 months of active balance exercises or 3 months of inactivity. 

Following this 3-month period, active subjects were switched to 3 months of usual care and 

subjects receiving usual care were switched to 3 months of active balance exercises. A 

computerized randomization schedule was generated and held by an investigator not 

involved in subject recruitment or assessment (TE). All subjects were re-assessed at 3 and 6 

months by a physical therapist blind to participants’ group allocations (Figure 1).

Participants

Twenty-three subjects with idiopathic PD (using UK Brain Bank Criteria) were enrolled 

(Figure 2). Subjects had stage 2 and 3 disease on the Hoehn and Yahr (H&Y) staging scale 

in the “on” medication state, were on a stable dose of PD medications for ≥ 2 weeks prior to 

enrollment, experienced ≥ 1 fall in the past 3 months and ≥ 2 falls in the past year, and were 

able to walk without physical assistance or an assistive device for at least 5 continuous 

minutes. Subjects were excluded if they had a diagnosis of atypical Parkinsonism, a Mini 

Mental Status score of <26, previous surgical management of PD, or serious co-morbidities 

that may interfere with ability to participate in the exercise program. Subjects were required 
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to sign informed consent approved by the institutional review board at Boston University 

(ClinicalTrials.gov: NCT02302144).

Intervention

During the active condition, subjects participated in a highly challenging group exercise 

program focusing on improving balance and reducing falls. The exercise program was held 

twice weekly for 90 minute sessions over a 3-month period at the Center for 

Neurorehabilitation at XXXX XXXXXXXX. Three physical therapists with expertise in PD 

administered the group exercise program. In order to ensure adequate level of challenge 

across all sessions for all participants, the exercise program was conducted in the clinical 

setting only - without supplemental practice of the exercises at home.

The intervention was developed using Horak’s theoretical balance framework for PD which 

describes 6 interacting systems contributing to balance control (Figure 3).16 Each of the 

exercises (i.e., strengthening, range of motion, anticipatory and reactive balance activities, 

altering sensory input, and gait training) was developed to address one or more of the six 

systems of balance control (Figure 3) and consisted of a progression ranging from less 

challenging to more challenging. Participants rated the challenge level of each exercise 

using a ten-part Likert scale (10 being the greatest level of challenge and 1 being no 

challenge) as it related specifically to balance control. Exercises were tailored to each 

individual and were progressed to increase challenge level when perceived challenge to 

balance was <7. Weighted vests and/or variable surface conditions were used to increase 

resistance and challenge level in a strengthening exercise. During the inactive condition, 

participants received usual care.

Outcomes

Falls—Subjects from both groups were interviewed during the active intervention phase to 

collect detailed information about falls following the recommendations of the Prevention of 

Falls Network Europe consensus statement.17 At each session, patients were asked if they 

had any falls since the previous session. A fall was defined as a loss of balance where the 

person inadvertently came to rest on the ground or other lower level.2 The date of the fall 

along with the circumstances surrounding it (i.e., location, direction of fall, activity being 

performed, presence of environmental trigger) were recorded.

Balance—The Mini-BESTest assesses dynamic balance and contains 14 items from the 

original BESTest.18 Each item is scored on a 3-level ordinal scale from 0 to 2, with 2 

representing no impairment in balance and 0 representing severe impairment of balance. The 

maximum total score is 28. The Mini-BESTest has high interrater and test-retest reliability 

in PD.19 The Mini-BESTest was administered by a trained physical therapist not involved in 

the intervention and blinded to treatment condition.

Fear of Falling—The Falls Efficacy Scale-International (FES-I) is a self-report 

questionnaire developed for use in elderly populations to assess fear of falling.20 A series of 

16 questions assesses the respondent’s fear of falling for a range of ADLs. Each one is rated 

on a four-point scale from 1 (not at all concerned) to 4 (very concerned). The FES-I has 
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been found to have extremely good internal consistency (Cronbach’s α = 0.96) and test-

retest reliability (intraclass correlation coefficient = 0.96).20

Statistical Analysis

A paired t test was used to compare each outcome (FES-I and Mini-BEST) measured at the 

end of the active period with that measured at the end of the inactive period in the same 

patient.21 Thus, for each subject in sequence group 1 (active→inactive), the outcome score 

at the end of period 2 (inactive) was subtracted from the outcome score at the end of period 

1 (active). For each subject in sequence group 2 (inactive→active), the outcome score at the 

end of period 1 (inactive) was subtracted from the outcome score at the end of period 2 

(active). Thus, the overall treatment effect is the mean of the mean differences in outcome 

measurements between the active and inactive periods in sequence group 1 and sequence 

group 2, respectively. To assess carry-over effects, the mean of the two outcome scores 

measured at the end of each period (active, inactive) is calculated for each subject ([subject 

score period 1 + subject score period 2] / 2). The mean of these subject means of sequence 

group 1 is compared to that of sequence group 2 using a two-sample t test for independent 

samples. If there is no carry-over effect, there would be no difference in the means of the 

subject mean scores between the two sequence groups.

To test if the number of falls is a function of length of time in the intervention among 

subjects in the active treatment period, we modeled daily fall count as a linear function of 

time (intervention day) using generalized estimating equations (GEE) with the log link 

function, the negative binomial distribution, and the exchangeable correlation structure to 

account for correlated counts from each patient.22

Analyses were carried out using SAS v9.3 using PROC TTEST with the CROSSOVER 

option to account for the crossover design and PROC GENMOD to fit the negative binomial 

regression model for the number of falls.

Results

Twenty-three subjects with PD were enrolled and sixteen completed the study. Six subjects 

withdrew due to scheduling, transportation issues, or unrelated comorbidities, and one was 

withdrawn by the PI due to a change in diagnosis from typical to atypical PD. Sixty-three 

percent of participants were male, mean age was 66.7 years with a disease duration of 4.3 

years (Table 1). Participants had mild-to-moderate PD (mean H&Y stage 2.5, mean motor 

UPDRS score 36).

There was no significant difference between the mean scores of the two sequence groups at 

baseline on FES-I and Mini-BESTest scores. Analysis of the overall treatment effect of the 

exercise intervention (active vs. inactive) on each outcome was performed using a paired t 

test with a cross-over design (Table 2). The estimated overall treatment effect on FES-I 

scores was −3.2 (95% confidence interval [CI] −6.4 to 0.1, p=0.059). To check for a carry-

over effect, we analyzed the mean patient scores of both periods comparing the two groups 

using a two-sample t test for independent samples which was not significant (p=0.944). The 

estimated overall treatment effect on Mini-BESTest scores was 1.5 (95% CI 0.1 to 2.9, 
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p=0.037). Though the test for the carry-over effect was only borderline significant 

(p=0.061), as a precaution, we analyzed the treatment effect in the first period only using a 

two-sample t test for independent samples. This yielded an estimated treatment effect of 4.8 

(95% CI 1.3 to 8.2, p=0.010). L-dopa equivalents were not significantly different between 

the active and inactive conditions (p=0.54).

The number of daily falls per patient was modeled on the length of time in the active phase 

of the intervention (number of days) to determine if the intervention reduced falls over time 

(total falls observed = 150). A repeated measures negative binomial regression using the 

GEE approach indicated a statistically significant effect (coefficient = −0.015 per day, 

p<0.001). The estimated rate ratio comparing incidence rates at time points one month apart 

was 0.632 (95% CI 0.524 to 0.763) indicating an estimated 37% decline in the fall rate per 

month (95% CI 24% to 48%).

There were two adverse events (back pain, abdominal pain) during the inactive period. 

There were five adverse events (back pain, knee pain, abdominal pain, quadriceps pain, 

lightheadness) during the active period. Two of these were considered to be related to the 

intervention (knee pain, quadriceps pain). These occurred during one exercise session and 

were resolved by the subsequent session.

Discussion

The results of this study show that a theoretically based, highly challenging, and progressive 

exercise program was effective in reducing falls, improving balance, and reducing fear of 

falling in persons with PD. Although previous studies show improved balance in PD with a 

variety of approaches to rehabilitation, there is limited evidence of the impact of 

rehabilitation on reducing falls.9 Few studies have included falls as an outcome and results 

have been mixed among studies investigating the impact of rehabilitation on reducing 

falls.9–13,23,24 Studies included in a recent meta-analysis provided a relatively low dose of 

intervention which may have contributed to the lack of impact on fall reduction.9

Previous studies that included highly challenging balance training programs appeared to 

have the most robust outcomes regarding improvements in balance-related activity 

performance.9 Prior studies also suggest that balance training that included a strengthening 

component was more effective in improving balance compared to balance training 

alone.25–28 In addition, a recent RCT in PD also showed significant improvements in off-

medication UPDRS-III scores following a 2-year progressive resistance exercise program 

compared to a non-progressive stretching, balance, and strengthening program suggesting 

the importance of progressively more challenging exercises.29 Also, prior work in the area 

of exercise in both animal models and humans with PD suggests the importance of goal-

based motor skill training to enhance motor learning and motor control.30,31

Balance exercise programs derived from a sound theoretical framework targeting the 

essential postural control subsystems may also contribute to more robust improvements in 

balance control and a subsequent reduction in falls. Despite an incomplete understanding of 

postural control mechanisms underlying postural instability and falling in PD,32 multiple 
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physiological systems are known to contribute to postural control. Horak and colleagues16,33 

have identified six different balance control systems (biomechanical constraints, stability 

limits/verticality, anticipatory postural adjustments, postural responses, sensory orientation 

and stability in gait) underlying the complex skill of balancing that may be important to 

systematically target in exercise programs aimed at fall reduction in PD.

The exercise program in our study incorporated the most salient features from prior work 

(e.g., theoretically driven, highly challenging, progressive, goal oriented, balance plus 

strengthening exercises, high dose) which may explain the significant reduction in falls 

observed over 3 months. Exercises were chosen based on theoretical framework described 

by Horak and colleagues16,33 to address key elements of postural instability in PD while 

ensuring sufficient challenge across the six interacting systems. We operationalized 

“challenge to balance” using a ten-part Likert scale to determine when to progress subjects. 

At each session, subjects rated the level of difficulty of each exercise based on the level of 

challenge to balance. Exercises were goal oriented in that patients were given a target to 

achieve (i.e., reaching greater distances out of base of support). The program included both 

balance and strengthening exercises that were progressive (e.g., increased load added to 

weighted vests); 90-minute sessions were performed twice weekly over 3 months (total of 

36 hours over 12 weeks) that exceeds the dosage provided in most of the previous balance 

trials (average 18 hours over 7 weeks).9

Our results also revealed significant improvements in balance and fear of falling. In a meta-

analysis examining the effect of balance interventions on gait and balance outcomes, 

Hedge’s g effect sizes ranged from −0.622 to 1.271 among the 19 PD studies reviewed.9 In 

the present study, the Hedges’ g effect size for the mini-Bestest was 1.22 suggesting that the 

exercise program contributed to a large improvement in balance. With regard to the FES-I, 

the effect size (−0.77) suggested that fear of falling can be attenuated with a highly 

challenging balance exercise program.

There are several limitations to our study including a small sample size. However, despite a 

small sample, significant improvements were observed in fall rates, balance, and fear of 

falling suggesting the potential benefits of this intervention approach. Consistent with other 

exercise trials in PD, our results revealed a limited carry-over effect suggesting that the 

benefits of treatment dissipate over time – confirming the need for ongoing, sustained 

participation. Study subjects had mild-to-moderate PD (stage 2 and 3 on H&Y staging scale) 

so results may not be generalizable to more severe disease. Although frequent, in-person 

interviews were used to optimize ascertainment of all falls, this approach still relied on the 

accuracy of patient report.

Conclusions

These results show that a theoretically based, highly challenging, and progressive exercise 

program was effective in reducing falls, improving balance, and reducing fear of falling in 

persons with mild-to-moderate PD. The data suggest the potential efficacy of these aspects 

of training in persons with mild-to-moderate PD, but this requires further investigation.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study design

Sparrow et al. Page 10

J Neurol Phys Ther. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
CONSORT diagram
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Figure 3. 
Balance interventions corresponding to the six interacting systems contributing to balance 

control
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TABLE 1

Baseline characteristics (n=16)

Variable Mean ± SD or No. (%)

Age, yr 66.7 ± 5.7

Sex

 Male 10 (62.5%)

 Female 6 (37.5%)

Disease duration, yr 4.3 ± 3.3

Hoehn and Yahr stagea

 2 4 (25%)

 2.5 8 (50%)

 3 4 (25%)

MDS-UPDRS-III score 36.0 ± 9.6

FES-I 28.3 ± 7.3

Mini-BESTest 20.9 ± 4.1

a
Hoehn and Yahr stage in the “on” state
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