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Abstract

Background. Falls are frequent and devastating events for people with Parkinson’s disease (PD). Here, we investigated
whether laboratory-based reactive step training combined with home-based volitional step training was effective in
improving balance recovery and stepping ability in people with PD. Methods. Forty-four people with idiopathic PD were
randomized into intervention or control groups. Intervention participants performed unsupervised volitional step training
using home-based exergames (80+ minutes/week) for |2weeks and attended reactive step training sessions in which
they were exposed to slip and trip perturbations at 4 and 8 weeks. Control participants continued their usual activities.
Primary outcomes were balance recovery following an induced-trip/slip and choice stepping reaction time (CSRT) at
the |2-week reassessment. Secondary outcomes comprised sensorimotor, balance, cognitive, psychological, complex
stepping (inhibitory CSRT and Stroop Stepping Test [SST]), gait measures, and falls experienced in everyday life. Results. At
reassessment, the intervention group had significantly fewer total laboratory-induced falls and faster CSRT compared to
the control group (P<<.05). The intervention group also had significantly faster inhibitory CSRT and SST movement times
and made fewer mistakes in the SST (P <<.05). There were no significant differences in the rate of every day falls or other
secondary outcome measures between the groups. Conclusion. Combined volitional and reactive step training improved
balance recovery from an induced-perturbation, voluntary stepping time, and stepping accuracy in cognitively challenging
tests in people with PD. Further research is required to determine whether such combined step training can prevent daily-
life falls in this population.

Keywords
Parkinson’s disease, falls, stepping, neurorehabilitation, training

Introduction

Over 50% of people with Parkinson’s disease (PD) fall in a
given year,! with a large proportion (50%-86%) falling
recurrently.® The consequences of falls are devastating and
include restriction of activities of daily living, fear of fall-
ing, high levels of caregiver stress, and injuries.” People
with PD fall most often when walking due to internal fac-
tors such as freezing of gait and external factors such as
trips and slips, especially outdoors.®® To avoid such exter-
nally-induced falls, effective stepping responses cued by
the sensory detection of a postural threat (e.g. a trip and

slip) and gait adjustments cued by the visual detection of
hazards (e.g. uneven surfaces and wet floors) are
required.!%!? Cumulative evidence suggests poor voluntary
stepping and gait adaptability'*>'* and impaired reactions to
unexpected postural perturbations predispose people with
PD to fall.!>"

Recent studies have reported promising effects of reac-
tive step training (e.g. repeated perturbations) and volitional
step training (e.g. stepping onto step targets in multiple
directions) for reducing falls in people with PD.!¥23 While
both training modalities target impaired stepping perfor-
mance, these interventions likely lead to reduced fall risk via
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distinctly different mechanisms.'” Systematic review evi-
dence in older adults'®** has shown that reactive step train-
ing evokes task-specific sensorimotor adaptations for
successful balance recovery with a relatively low dose (e.g.
a few sessions),”>?” whereas volitional step training induces
gradual musculoskeletal and functional improvements over
longer timeframes (e.g. 12 weeks).?%?

Some studies in people with PD have incorporated reac-
tive stepping induced by sudden treadmill starts and stops
into multicomponent training.?>?* One study involving 18
participants used a reactive balance training dose of 1 hour/
day, 3 times/week for 8 weeks, and reported a non-signifi-
cant reduction in falls in the intervention group relative to
the control group.?? The other study, involving 45 partici-
pants, had a higher reactive step training dose, that is, 2
phases of 4-week physiotherapist-supervised training
3times/week (60minutes each session) along with home-
based exercises 5times/ week (60 minutes each session).?
Fall rates were significantly reduced in the training group
who completed the program compared to the control group
during and beyond the trial period. While the above 2 stud-
ies demonstrated that combined voluntary and reactive step
training could prevent falls, the high doses of both super-
vised and unsupervised training required may be impracti-
cal for many people with PD to undertake’ and too resource
intensive to implement at large scale.

Considering the above, we envisioned a less resource-
intensive intervention comprising both volitional and reac-
tive step training may also be efficacious in reducing fall risk
in people with PD if (a) the volitional step training com-
prised enjoyable interactive stepping exergames that could
be performed unsupervised at home, and (b) the reactive
step training intervention had high ecological validity with
respect to the nature of the slip and trip perturbations. In this
regard, we considered training participants to successfully
negotiate unexpected trip and slip hazards on an overground
walkway would generalize better to such events that occur in
everyday life than more artificial treadmill belt translations.
Consequently, due to higher task specificity, only low train-
ing doses may be required to improve reactive balance, as
previously found in studies involving older people.?*-27:31-33

Thus, the primary aim of this study was to examine the
effects of an intervention comprising 12 weeks of home-
based high-dose unsupervised step training exergames

(80+ minutes/week) interspersed with low-dose supervised
laboratory-based reactive step training sessions on 2 key
indices of fall risk: choice stepping reaction time (CSRT)
and balance recovery to slip and trip perturbations in people
with PD. Secondary aims were to (i) examine the effects of
the intervention on sensorimotor, balance, cognitive, and
clinical risk factors for falls, complex stepping tasks, and
gait adaptability and (ii) obtain pilot data on the effect of
this intervention approach for reducing daily-life falls.

Methods
Design

We conducted an assessor-blinded, randomized, controlled
trial involving 44 people with PD who were randomly allo-
cated into intervention or control groups. A sample size cal-
culation for a Poison regression analysis was conducted
with the following assumptions: a 70% fall rate in the con-
trol group, a 10% dropout rate, a significance level of <.05
and a power of 0.8. This revealed that 44 eligible partici-
pants were required (22 in each group) to detect a 50%
reduction in the number of laboratory-induced falls in the
intervention group. Participants were enrolled between
September 2018 and September 2019. We prospectively
registered the trial protocol on the Australian New Zealand
Clinical Trials Registry (ACTRN12618001515280). The
University New South Wales Human Research Ethics
Committee approved the study protocol, and written
informed consent was obtained from all participants before
their participation.

Participants

The study participants were recruited through the
Neuroscience Research Australia (NeuRA) volunteer regis-
try, Parkinson’s NSW (an organization that supports people
with PD and their families in the state of New South Wales,
Australia), the outpatient department at Calvary Hospital,
and through social media and newsletter advertisements.
Inclusion criteria were: diagnosis of idiopathic PD accord-
ing to the UK PD Brain Bank criteria,** aged 40years or
older, ability to walk independently with or without a walk-
ing aid, stable antiparkinsonian medication for at least
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4 weeks, PD Hoehn and Yahr stages 1 to 3 (mild to moder-
ate), living independently and able to communicate in
English. The exclusion criteria comprised a Montreal
Cognitive Assessment® score <18 (indicative of demen-
tia)*® and any condition that would interfere with the safety
and conduct of the home-based and/or laboratory-based
training and testing protocol, including initial screening of
frequency and severity of freezing of gait based on partici-
pant’s responses to the New Freezing of Gait question-
naire,’” advanced PD (Hoehn and Yahr stages 4 and 5),
significant pain and any fractures within the 6-month period
prior to the study.

Demographic, PD-Related, Clinical, Physical, and Mobility
Descriptors. Information regarding participant age, sex, fall
status, use of assistive devices and medication use were
obtained from structured interviews. Height and weight
were measured, and body mass index was computed (Sup-
plemental Material 1). Participants were assessed using the
Movement Disorders Society Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS)* parts 1I (activities of daily
living), III (motor score), and IV (motor complications).
Participants’ stage of PD using the Hoehn and Yahr scale
was extracted from the MDS-UPDRS.* Levodopa equiva-
lency daily dosage intake,* PD duration since the date of
diagnosis and information about participants’ experience on
freezing of gait using the New Freezing of Gait question-
naire’” were also recorded. Global cognition was assessed
with the MOCA;* anxiety and depression were assessed
with the Hospital Anxiety and Depression scale;*' and
weekly physical exercise was assessed with the Incidental
and Planned Exercise Questionnaire.*> The Physiological
Profile Assessment was used as our sensorimotor assess-
ment and to document participants’ risk of falling.** This
assessment comprises 5 items assessing visual contrast sen-
sitivity, lower limb proprioception, simple reaction time,
quadriceps muscle strength, and postural sway. The 3 last
measures were also used as secondary outcomes (Supple-
mental Material 2).

Randomization and Blinding

Participants were randomly allocated to either the interven-
tion or control group following baseline assessments using
randomization software with random block sizes (2, 4, or 6)
and a 1:1 allocation ratio. All assessments, data verification,
and statistical analyses for the primary outcome measures
were conducted by research staff blinded to group
allocation.

Intervention Group

The intervention group completed 2 supervised reactive
step training sessions and undertook home-based volitional

step training for 12 weeks. Participants were instructed to
take their antiparkinsonian medications as usual during
training. The training sessions were scheduled when the PD
medications were working optimally during the “on” phase.

Volitional Step Training. Volitional step training involved
playing home-based step training exergames (Supplemental
Material 3).* A research assistant visited each participant’s
home and installed the smart=*step exergame system, which
consisted of a wireless electronic step mat and a small com-
puter connected to a television or computer screen. The step
mat had 6 stepping panels (left, right, 2 back, and 2 fronts)
around 2 central stance panels used to interact with 5 games.
Games were designed to train directed and timed step
responses with additional cognitive stimuli requiring work-
ing memory, visuospatial skills, inhibition, and attention.
Participants could choose their preferred games and appro-
priate difficulty levels (beginner, easy, medium, hard, and
expert) but were required to play a core game to promote
rapid and timed stepping (Stepmania) each day before the
remaining games were unlocked. They were instructed to
play the games in a few separate sessions to reach at least
80 minutes of gameplay per week. The gameplay data were
transferred to and monitored in a web application. If partici-
pants did less than 80 minutes of exercise per week for
2weeks, they were contacted by telephone to encourage
adherence and address any barriers to participation. Partici-
pants were given a booklet containing instructions and safety
precautions, and additional visits and telephone support
were provided for participants who experienced difficulties.

Reactive Step Training. The reactive step training sessions
were undertaken at NeuRA in weeks 4 and 8. Both sessions
were 60 minutes long, supervised, and focused on balance
recovery from 12 trips and 12 slips with progressive unpre-
dictability. Each session consisted of 5 blocks of 6 trials
(trips, slips, and washouts). The training was conducted on
a 10-m Trip and Slip Walkway consisting of 50cm X 50 cm
wooden decking tiles (Figure 1). Participants wore comfort-
able exercise shoes and clothes, a ceiling-mounted full-
body harness, and protectors on the toes, shins, and knees.
In previous studies, we found that many participants become
cautious and reduce their gait speed when exposed to
repeated trip and slip hazards.*>*¢ To minimize between-
participant variability in gait speed reduction due to antici-
pation of hazards, all participants performed the walking
trials at approximately 81% of their usual gait speed. This
was achieved by instructing participants to step on black
and white target tiles positioned at 90% of their usual step
length and a metronome set to 90% of their usual cadence.
These usual gait parameters were based on a baseline walk
over a 5-m electronic walkway (GAITRite mat, v4.0, 2010
CIR Systems). Trips were induced using a 14cm height
tripping board that flipped up from the walkway at
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Figure |. Continuous images of a participant experiencing a trip (A) and a slip (B). A trip was induced using a |4-cm height tripping
board that flipped up on the walkway. A slip was generated by a movable tile on 2 hidden low-friction rails with linear bearings that

slide up to 70 cm after the participants’ foot landing.

mid-swing, cued by a hidden foot detection sensor. Slips
were induced using a movable tile on 2 undetectable low-
friction rails with linear bearings that could slide forward up
to 40 cm on foot contact. Both the slipping tile and the trip-
ping board were undetectable and could be positioned at
various locations along the walkway to minimize predictive
behaviors while training reactive stepping responses.!-* At
the end of each training block, participants provided ratings
of their anxiety and perceived difficulty using 5-point Lik-
ert scales.*’ If these ratings indicated excessive anxiety or
difficulty, gait speed (50%-80%) and slip distance (10-
40cm) in the following training block were reduced in con-
sultation with each participant.

Control Group

The control group was asked to continue with their usual
health care and daily activities during the trial period.

Outcome Measures

A Physiotherapist experienced in PD assessment and reha-
bilitation and blinded to group allocation conducted all out-
come assessments (except for prospective falls). Baseline
assessments were conducted in a 3.5-hour session at a
research laboratory at NeuRA. If requested, some clinical

assessments were conducted at participants” homes to reduce
assessment length/participant burden during the visit.
Reassessments were conducted in a 2.5-hour session at the
same research laboratory at NeuRA. Participants completed
the assessments while “on” their usual PD medication. The
primary outcomes are detailed below. The secondary out-
comes are provided in Supplementary Material 2.

Primary Outcomes. Volitional stepping performance was
assessed with the CSRT using a customized system com-
prising a computerized mat (150cm X 90cm) and a com-
puter screen.*® The mat contained 8 panels: 2 central stance
panels, a left panel, a right panel, 2 front panels, and 2 back
panels (Figure 2). Participants were asked to stand on the 2
central panels. They were then instructed to step onto a
panel as quickly as possible when the corresponding arrow
on the screen changed color from white to green (Figure 2).
Participants completed 6 practice trials followed by 24 ran-
domly presented trials (4 trials each for the 6 stepping pan-
els). The CSRT total time (ms), calculated as the sum of
response time (i.e. stimulus presentation to foot lift-off) and
movement time (i.e. foot lift-off to step-down on the correct
panel), was used as a primary outcome.

Reactive stepping performance was assessed when par-
ticipants walked and responded to perturbations on the Trip
and Slip Walkway (Figure 1).3!33 Participants were instructed
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Figure 2. Stepping tests setup. Left panel: monitor displays of (1) choice stepping reaction time (CSRT) test: participants were
required to step as possible onto the stepping mat panels corresponding to the location of the green arrow appearing on the screen
(right/forward arrow on the mat); (2) inhibitory CSRT test: participants were required to step as quickly as possible onto mat panels
corresponding to the location of the green arrow and to refrain from stepping when a purple arrow appears on the screen (refrain
from stepping on the right panel); (3) Stroop Stepping Test (SST): participants were required to step as quickly as possible on the
panel corresponding to the direction defined by the word in the arrow (right panel) and not to the direction the arrow is pointing
(left panel). Right panel: graphic presentation of a participant performing the SST. This panel demonstrates a common mistake

performed by participants who stepped in a different direction.

to walk in time with a metronome and step onto target step
tiles adjusted to 90% of regular step length and 90% of regu-
lar cadence (thus 81% of their average gait speed). No adjust-
ment in gait speed was made during assessments. Participants
completed at least § lengths of the walkway before exposure to
the first perturbation, following which participants were
exposed to 1 slip and 1 trip at baseline and 2 slips and 2 trips at
reassessments in pre-determined pseudo-random order and
locations.®'** At least 1 washout walk was included between
perturbation trials. If participants exhibited predictive behav-
iors (i.e. lifted their feet) or reduced their specified step length
(i.e. heels not placed on the target step tiles) and cadence
(i.e. steps not aligning with the metronome beats) in a walking
trial, further instructions were provided, and additional wash-
out walking trials were administered. Falls in the laboratory
were defined by the harness-supported load of more than 30%
of the participants’ body mass.*’ The number of slip falls (0-2),
trip falls (0-2), and total (slip plus trip) falls (0-4) were used in
the analysis.

Statistical Analyses

A blinded investigator conducted the statistical analyses
according to a published statistical analysis plan (www.
osf.i0/s89zx). Student #-tests (continuous data), Mann—
Whitney U tests (non-parametric data), and Chi-square

tests (categorical data) were used for group comparisons
at baseline. General linear models were used to examine
between-group differences at reassessments while control-
ling for baseline scores for continuous outcomes (step-
ping, gait, sensorimotor, balance, cognition, and concern
about falling). For gait adaptability, participant height was
also entered as a covariate. Poisson regression was used
with laboratory falls as a dependent variable, group as an
independent variable, and the number of perturbations as
an offset for the reassessment. Negative binomial regres-
sion was used to test for differences in the rate of falls in
daily life between groups with the follow-up period in
months entered as the exposure measure (offset). Extreme
outlier scores (e.g. 5SD) were replaced with +3SD from
the average data.’® Data missing at random (6.37% of
data) were imputed using multiple imputations with 50
datasets.’’> We set significance levels at P<.05. The
data were analyzed using IBM SPSS Statistics 24 (SPSS,
Inc., Chicago, IL).

Results

Participants

Fifty-two participants who met the initial eligibility criteria
determined via screening questions administered during a
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Assessed for eligibility
(n=68)

y

Excluded (n=16)

Baseline assessments
(n=52)

Excluded (n=8)

* Schedule issue (n=2)

N\

\4

Duodopa (n=1)

Concealed randomisation
(n=44) .

» Unable to follow
protocol (n=4)
Declined (n=2)

/\

Intervention group (n=22)
Dropout (n=1)
+ Dyskinesia (n=1)
Re-assessed (n=21)
» Trip/slip assessments missed (n=4)

Control group (n=22)
Dropout (n=2)
* Unknown (n=1)
 Unsatisfied with allocation (n=1)
Re-assessed (n=20)
» Trip/slip assessments missed (n=5)

Analysed*
Intervention (n=22) / Control (n=22)

Trip/slip assessment

Intervention (n=17) / Control (n=15)

Figure 3. Consort flow chart showing participants involved in the trial.
*One intervention and 2 control participants who missed reassessments were included in the analysis with multiple imputations. Trip and slip data and

daily-life fall data were not imputed.

telephone call were invited for baseline assessment. Eight
participants were subsequently excluded due to scheduling
issues (n=2), use of a Duodopa pump (due to the risk of
damaging the intestinal tube resulting from falls into the
safety harness; n=1), being unable to follow assessment
protocols (n=4) or declining to participate further (n=2).
Thus, 44 participants were enrolled and randomized to the
intervention (n=22) or control (n=22) groups (Figure 3).
No significant between-group differences were found in the
demographic measures, clinical characteristics, and physical
and mobility measures at baseline (Supplemental Material
1). Nine participants were not assessed for reactive balance

in the trip and slip perturbations protocol due to health con-
cerns (e.g. foot pain, shoulder injury, and anxiety).

Intervention and Adherence

Of the 22 intervention participants, 17 (77%) completed at
least 75% of the prescribed dose of volitional stepping
training. Median (interquartile range) weekly adherence for
months 1, 2, and 3 were 81.8 (60.3), 81.8 (83.6), and 77.3
(53.5) minutes/week, respectively. Seventeen participants
(77%) completed the 2 reactive-step training sessions. Four
participants (18%) did not participate in 1 reactive step
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Table |. Stepping Outcome Measures at Baseline and Reassessment. Data are Mean (SD). P-value refers to Group Comparison at

Reassessment While Controlling for Baseline Data.

Baseline Reassessment
Outcome Intervention (n=22) Control (n=22) Intervention (n=22) Control (n=22) P
CSRT
Response time, ms 909 (202) 992 (171) 834 (161) 902 (102) 269
Movement time, ms 330 (68) 357 (93) 275 (65) 326 (61) .020
Total time, ms 1238 (233) 1352 (226) 1034 (214) 1233 (144) .004%%*
Number of mistakes 0.27 (0.70) 0.27 (0.55) 0.31 (0.52) 0.24 (0.61) 797
iCSRT
Response time, ms 988 (215) 1083 (189) 923 (161) 1019 (152) 177
Movement time, ms 322 (95) 392 (105) 275 (64) 338 (82) .029
Total time, ms 1310 (203) 1497 (308) 1186 (192) 1287 (143) 175
Number of mistakes 0.77 (1.60) 1.14 (1.88) 0.27 (0.46) 0.29 (0.86) 710
SST
Response time, ms 1370 (438) 1489 (444) 1325 (440) 1391 (286) 991
Movement time, ms 364 (104) 398 (123) 343 (87) 461 (219) .041
Total time, ms 1735 (477) 1885 (502) 1668 (461) 1891 (533) 296
Number of mistakes 1.14 (1.61) 1.32 (1.29) 0.40 (1.00) 1.77 (3.03) <.001

Abbreviation: CSRT, choice stepping reaction time test; iCSRT, inhibitory choice stepping reaction time test; SST, Stroop Stepping Test.

##*Registered primary outcome.
P-values in bold reflect they were statistically significant.

training session due to illness, ankle sprain, or hip and
shoulder pain unrelated to the study, and 1 participant (5%)
withdrew before any training due to illness.

Adverse Events

No participants fell during the home-based volitional step
training. One participant felt knee discomfort during voli-
tional step training that resolved after a 1-week training
break. One participant felt increased hip pain (due to a car
accident the previous week), and 1 reported high anxiety,
requiring early termination of reactive step training.

Primary Outcomes

The intervention group had significantly faster CSRT total
times than the control group at reassessment (P=.004;
Table 1). In addition, the intervention group experienced
significantly fewer total laboratory-induced falls, which is
the sum of slip and trip falls compared to the control group
(incidence rate ratio [IRR]: 0.51, 95% CI 0.30-0.89,
P=.017). There was also a trend for fewer slip falls in the
intervention group (IRR: 0.48, 95% CI 0.24-1.00 P=.05;
Table 2). Trip falls did not differ significantly between the
groups (IRR: 0.60, 95% CI 0.26-1.37, P=.226).

Secondary Outcomes

At reassessment, intervention group participants had sig-
nificantly faster movement times during the CSRT
(P=.020), inhibitory CSRT (iCSRT; P =.029), and Stroop

Table 2. Laboratory-Induced Falls and Daily-Life Prospectively
Recorded Falls in Daily Life.

Outcome IRR (CI 95%) P

Laboratory falls

Baseline
Trip falls 0.698 (0.197-2.475) .578
Slip falls 1.857 (0.741-4.655) .187
Total falls 1.308 (0.635-2.692) 467
Reassessment®
Trip falls 0.600 (0.263-1.371) 226
Slip falls 0.484 (0.235-0.999) .050
Total falls 0.514 (0.298-0.888) 017
Daily-life falls
Rate of falls (number of 0.863 (0.231-3.223) .826

falls/ up to 6 months)

IRR, incidence rate ratio.
*Registered primary outcome.

stepping test (SST; P=.041) and made fewer errors in the
SST (P <.001) compared to the control group participants
(Table 1). No between-group differences were observed at
reassessment for the remaining stepping, gait, sensorimotor,
balance, and psychological outcome measures (P>.05;
Supplemental material 2).

Participants in the intervention group reported 45 falls
during a mean (SD) follow-up period of 6.2 (1.2) months
(0.33 falls per person per month), IRR: 0.86, 95% CI 0.23-
3.32, P=.59. Thirteen participants reported no falls, 4 par-
ticipants reported a single fall, and 5 participants reported
multiple falls (3-19 falls)). Participants in the control group
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reported 62 falls during 6.3 (0.7) months (0.45 falls per per-
son per month). Fourteen participants reported no falls, 2
reported a single fall, and 6 reported multiple falls (2 to 37
falls). Details of predisposing factors were reported for 99
of 107 falls. There were: (i) 19 falls from trips in the inter-
vention group and 17 in the control group; (ii) 1 fall from a
slip in the intervention group and 3 in the control group; (iii)
and 21 falls from other reasons (e.g. loss of balance, freez-
ing of gait, and dizziness) in the intervention group and 38
in the control group.

Discussion

The study findings suggest that a program comprising
home-based volitional step training and reactive step train-
ing can improve balance recovery and voluntary stepping
reaction times and errors in people with PD. At the end of
the 12-week program, the intervention group experienced
fewer laboratory-induced total falls in the laboratory, dem-
onstrated faster step movement times in the cognitively
challenging stepping tests and made fewer stepping errors
in the SST. These findings indicate that people with PD can
learn important motor skills related to fall prevention.

The participants randomized to the intervention arm
received both voluntary and reactive step training, so it is
not possible to determine whether specific intervention
components led to improvements in the outcome measures
observed. However, with this caveat, the following 2 dis-
cussion points are proffered in line with the construct of
task specificity in that improved performance likely relates
to the task practiced.*?

First, our study builds on a previous trial** that imple-
mented a 12-week home-based step training intervention (1
exergame with a minimum dose of three 15-minute sessions
per week) that found CSRT improved only in participants
with lower disease severity (Hoehn and Yahr 1-3). It is pos-
sible that increased emphasis on executive function factors
such as selective attention and inhibition, greater recom-
mended dose, and better adherence to the home-based vol-
untary step training program led to improved step movement
times and reduced errors in the CSRT, iCSRT, and SST
found in the current study. These are encouraging findings
given that poor performances in these tests are predictors of
falls in older people®* and people with PD.'?

In a similar vein, the reactive step training component
likely improved balance recovery, as evidenced by fewer
laboratory-induced falls in the intervention group relative
to the control group. This is consistent with previous stud-
ies reporting short-term positive outcomes from reactive
balance training in people with PD. For example, Barajas
and Peterson?® found that 2days of training involving
repeated anterior platform surface translations improved
the margin of stability during balance recovery from an

142

unexpected perturbation test. In addition, Peterson et al.?!
found that a program of 25 forward and 25 backward trans-
lations of the support surface improved postural responses
in people with PD, and the adaptations were maintained for
24 hours. Our study builds on this work by demonstrating
that a low dose of reactive step training involving repeated
trips and slips may enhance balance recovery responses
over 3 months.

A strength of our study was the inclusion of various
engaging step training games that provided player feedback,
reinforcement, and rewards, which likely contributed to good
adherence. The trips and slip perturbations used in our reac-
tive step training had high ecological validity. They were
highly analogous to trip and slip-falls experienced in daily
life by people with PD.>* Our current trial also offered valu-
able insights into the efficacy, feasibility, and safety of a com-
bined volitional and reactive step training intervention for
people with PD. However, while our study suggests the
potential application of such a training paradigm, more
development is required to maximize participant acceptabil-
ity and adherence, and it would be preferable if reactive step
training could be implemented in a clinic with minimal
equipment.

We also acknowledge some study limitations. First, we
did not conduct the laboratory-fall assessment on 9 partici-
pants due to concerns regarding their health. Thus, our
results are biased toward healthier participants who could
undertake this assessment. Second, as indicated above, the
study design precluded us from teasing out the effects of
individual components of the combined program. Future
studies could examine the positive impacts of combined
voluntary and reactive balance training versus voluntary
and reactive balance training administered as single inter-
ventions. Third, our primary study outcomes were restricted
to falls following the trip and slip perturbations. Future
studies could include complementary kinematic and elec-
tromyography measures of balance recovery ability, such as
the margin of stability, trunk sway, step height*’ and muscle
activation latency.’® Fourth, we had less contact with con-
trol participants compared with intervention participants
during the trial. These observations indicate strong task-
specificity and limited transferability from the step training
to other performance outcomes. There was also no indica-
tion from our pilot data that the intervention reduced falls in
daily life over 6 months (the 95% confidence interval for the
incident rate ratio contrasting the group’s fall rates was too
large to make any meaningful conclusions in this regard).
This may indicate that training programs should specifi-
cally address some of our secondary outcome measures
known as risk factors for falls (balance, strength, cognition,
and gait adaptability) in addition to voluntary and reactive
step training in a multifactorial fall prevention intervention.
It is also possible that the reactive step training dose (two
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60-minute sessions) was insufficient for some participants,
and additional training sessions may be beneficial. Future
studies could consider more tailored reactive step training
and the optimal doses of the 2 types of stepping training.

Conclusions

A combined volitional and reactive step training can
improve balance recovery from an induced-perturbation,
step movement time, and reduce errors in cognitively chal-
lenging stepping tests in people with PD. The training
appeared to impact fall avoidance from slips more than trips
in the laboratory. Larger trials powered for prospective falls
in daily life are required to determine whether combined
volitional and reactive balance training can prevent falls in
daily life in this population.
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