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Abstract
Background: Falls are a common and serious problem after stroke, often leading to injuries, loss of independence, and
increased health care usage. Functional balance, a primary risk factor for falls, is frequently impaired in individuals with
hemiparetic gait impairments. Previous research with the iStride gait device (Moterum Technologies, Inc) showed that
functional balance improved immediately following 4 weeks of treatment. However, the long-term retention of these effects
remains unknown and could improve the management of balance and mobility impairments after stroke.
Objective: This study aimed to determine the long-term functional balance effects of treatment with the gait device for
individuals with hemiparetic gait impairments from stroke.
Methods: Eighteen individuals with chronic stroke (9 male, 9 female, mean age 57 years, and 60 months post stroke)
participated in twelve 30-minute treatment sessions with the gait device. During each treatment session, the device was worn
on the less affected lower extremity during overground ambulation in the participant’s home. All treatment and assessments
were overseen by licensed physical therapists. Functional balance was evaluated using the Berg Balance Scale (BBS), the
Timed Up and Go (TUG) test, and the Functional Gait Assessment (FGA) at baseline and 5 posttreatment follow-ups: 1 week,
1 month, 3 months, 6 months, and 12 months after treatment. Balance improvement was analyzed using repeated-measures
ANOVA from baseline to each follow-up time frame, correlation analysis, comparison to each outcome’s minimal detectable
change (MDC) value, evaluation of fall risk classification changes, and subjective questionnaires.
Results: Participants retained statistically significant improvements on the BBS, TUG, and FGA compared with baseline
at all posttreatment time frames (P<.05). All participants initially identified as being at risk for falls reduced their fall risk
on at least one outcome during one or more follow-up assessments. At 12 months post treatment, the average improvement
on all 3 outcomes remained above their respective MDC thresholds, demonstrated by a 5.9-point improvement on the BBS,
a 4.9-second improvement on the TUG, and a 34.6% (3.8-point) improvement on the FGA. At least 72% of participants
exceeded the MDC of BBS, at least 44% exceeded the MDC of TUG, and at least 66% exceeded the MDC of FGA at every
posttreatment time point. Subjective questionnaire responses indicated that 88% of participants perceived functional balance
improvement following treatment with the gait device.
Conclusions: The findings of this study indicate that treatment with the gait device may result in long-term functional balance
improvement for individuals with hemiparetic gait impairments from stroke. Larger, controlled studies are recommended to
confirm these findings.
Trial Registration: ClinicalTrials.gov NCT03649217; https://www.clinicaltrials.gov/study/NCT03649217
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Introduction
Falls are a common and serious problem after stroke. In the
first year following a stroke, approximately 70% of individ-
uals fall [1-3], and the risk of falls remains substantially
elevated throughout the stroke survivor’s lifespan [2]. The
physical consequences of falls can be devastating, often
leading to hospitalizations, serious injuries, and even death
[4]. Stroke survivors who fall are also especially vulnerable
to adverse outcomes from falls, such as a 4-fold increase in
fracture risk compared with healthy controls [5], and more
severe fracture consequences [2].

In addition to physical complications, the psychological
consequences of falls after stroke can be severe. Compro-
mised mobility confidence and fear of falling are experienced
by up to 88% of stroke survivors who have fallen, and
44% report further restricting their mobility activities after
a fall [2]. Given the documented low activity levels of stroke
survivors in general [6], further activity restriction reinfor-
ces limitations with functional independence. Furthermore,
the psychological consequences of falls are associated with
depression [3,7], reduced community participation [8], social
deprivation [2], and decreased quality of life [4,9], all of
which can be detrimental to a stroke survivor’s well-being.

For individuals with stroke, gait and balance impairments
are widely regarded as primary fall risk factors [2,10].
Impairments to muscle strength, sensation, proprioception,
vision, cognition, and attention [2,11] can further compound
this risk and present additional barriers to normalizing
mobility and fall risk. As primary risk factors, balance and
gait-focused activities are commonly prescribed treatments
to reduce fall risk post stroke. However, there is a dearth
of high-quality evidence to support the efficacy of specific
balance and gait-focused activities [12-14]. As improved
medical management continues to extend the life expectancy
of stroke survivors [15], successful treatments for balance
improvement and fall risk management are essential to
improve the health and safety of these individuals.

The iStride gait device [16] (Moterum Technologies,
Inc.) was developed to support the rehabilitation needs of
the ambulatory stroke population. Specifically, the device
targets the asymmetric movement patterns of individuals
experiencing hemiparesis, a notable contributor to gait and

balance impairments in neurologic populations [17,18]. The
device is worn over the shoe on the foot of the nonparetic
limb during ambulation. Four rotating, kinetic wheels [19]
on the device generate a steady backward translation of this
limb during weight bearing in the stance phase of gait. Given
the typical reliance or “favoring” of the nonparetic limb by
individuals with hemiparesis during ambulation [20], this
stance phase motion induces a relative instability, prompting
a subtle weight transfer to the affected limb. Resembling
principles of lower extremity constraint-induced movement
therapy [21], this weight transfer is designed to increase usage
of the paretic limb during the gait cycle. In addition, the
backward motion of the wheels increases the stride length
of the affected limb. These exaggerated mechanics trigger
the user to correct this pattern (similar to the aftereffect
experienced with split-belt treadmill training [22]) once the
device is removed and the individual continues overground
ambulation without the device. Further details of the device’s
development and mechanisms of action are explained in
previously published studies [19,23-25]. Figure 1 shows the
gait device and its motion during the gait cycle.

The documented effects of treatment with the gait device
include improvements to gait symmetry, specifically step
length symmetry and double support symmetry [24,26]. Gait
speed has also been shown to increase immediately posttreat-
ment [24,27,28] with effects largely unchanged one year after
treatment completion [29]. Additional benefits have been
noted in the realm of functional balance. Specifically, a study
conducted with participants using the gait device in their
home environment found statistically significant improve-
ments on balance-focused functional outcomes following
12 treatment sessions with the gait device. Moreover, fall
risk reduction was experienced by 80% of participants, as
determined by comparison to fall risk thresholds on one
or more outcome measures [27]. While these posttreatment
outcomes are promising for an immediate benefit of gait
device treatment, retention of these improvements remains
unknown and could provide further guidance on the long-term
utility of this treatment and its role in managing poststroke
balance and mobility impairments. Therefore, the objective
of this study was to investigate the long-term effects of gait
device treatment on functional balance and risk for falls for
individuals with hemiparesis caused by stroke.
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Figure 1. The iStride gait device and mechanism of action. (A) The iStride gait device. (B) The gait device motion. As the user bears weight into the
device during ambulation, the device’s rotating wheels push the nonparetic foot backward during stance. This backward motion promotes usage of the
paretic leg by slightly destabilizing the nonparetic leg. To adjust for the added height of the device, a similar height but stationary platform is worn on
the foot of the paretic limb.

Methods
Participant Recruitment
Community-dwelling individuals with chronic stroke were
recruited to participate in the study using convenience
sampling. Inclusion criteria specified: (1) age of 21‐80
years, (2) one or more cerebral strokes (all on the same
side), (3) stroke occurred at least 6 months previously,
(4) gait asymmetry but can walk independently with or
without a cane, (5) no evidence of severe cognitive impair-
ment that would interfere with understanding instructions,
(6) not currently receiving physical therapy, (7) no evi-
dence of 1-sided neglect affecting ambulation, (8) adequate
walking space within the home, and (9) body weight less
than 250 pounds. Individuals were excluded from the study
if they had: (1) uncontrolled seizures, (2) pregnancy, (3)
metal implants (stents), (4) chronic obstructive pulmonary
disease, (5) uncontrolled high blood pressure, (6) myocardial
infarction within the last 180 days, (7) head injury within the
last 180 days, or (8) a history of a neurologic disorder other
than stroke.

Ethical Considerations
The study was confirmed to meet ethical standards for
research with human participants by the Western institutional
review board (IRB), now named Western-Copernicus Group
IRB. Participants signed a consent form that was approved
by Western IRB before participating in the study. Data were
coded without personally identifying information and stored
using HIPAA (Health Insurance Portability and Accountabil-
ity Act) compliant software. Compensation for participation
in study activities included US $6 for each study visit, and US
$50, US $75, and US $250 for follow-up assessment sessions
after the treatment period.
Experimental Setup
The study followed a single group, a before-after design, with
multiple follow-ups after the treatment period. Determination
of eligibility included an initial phone screen by the principal
investigator, followed by a home visit to verify adherence
with eligibility criteria and to assess that the home environ-
ment met the spatial needs for gait device treatment (at least
25 feet of walking space).

Each participant’s functional balance was measured at
baseline (approximately 1 week before starting device
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treatment). After baseline assessments, the participants
completed approximately 4 weeks of gait device treatment
followed by 5 follow-up balance assessments: 1 week, 1
month, 3 months, 6 months, and 12 months after treatment. At
the 12-month follow-up session, participants were provided
a questionnaire regarding their clinical trial experience, fall
history before and after treatment with the gait device, and
subjectively observed balance changes. All aspects of this
study were performed in each participant’s home environ-
ment and were overseen by licensed, nonemployee physical
therapists hired as contractors for clinical trial data collection.
No other treatment or physical therapy services were provided
to the participants as a part of this study during or after the
treatment period.
Balance Assessments
Various outcome measures have been validated to assess
unique aspects of functional balance [30], and using several
balance-focused outcomes is commonly engaged in research
and clinical practice to assess balance ability comprehen-
sively [30,31]. The Berg Balance Scale (BBS), the Timed
Up and Go (TUG) test, and the Functional Gait Assessment
(FGA) were selected in the present study due to their high
clinical usage [32,33], validation and recommended usage
in the chronic stroke population [34,35], and ability to
be performed in the home environment. In addition, each
of these outcome measures provides a clinically relevant
threshold value to differentiate high and low risk of falls,
an objective of this study, as well as criteria depicting the
necessary magnitude of improvement to exceed measurement
error (ie, the minimal detectable change [MDC]). Each of
these 3 outcomes has also been identified as having high-
quality (Level 1) evidence to support usage in neurologic
populations, and the BBS and FGA are recommended as
core outcomes in clinical practice guidelines published by the
Academy of Neurologic Physical Therapy [35].

The BBS [36] is a 14-item measure that assesses static
balance, dynamic balance, and fall risk. This commonly used
and widely studied outcome has various published fall risk
and MDC threshold values. For our study, we selected a fall
risk threshold value of 44 based on a 2011 study by Simpson
et al [37], which studied a similar population of ambulatory,
community-dwelling individuals with stroke. Similarly, an
MDC score of 2.5 points [38] was selected for our compar-
ison from several alternative thresholds [34,39,40] as their
sample provides the most comparable “time since stroke” of
approximately 46 months.

The TUG test [41] assesses dynamic balance and walking
ability, and this outcome measure has been shown to
differentiate individuals with stroke from healthy individuals
[42]. A score above 14 seconds is used for predicting falls
after stroke [43], and a threshold MDC value of −3.2 seconds
indicates a change beyond measurement error for individuals
with chronic stroke [34].

The FGA is used to assess postural stability during
walking [44]. The FGA does not have a specific fall
risk cutoff for the chronic stroke population. Therefore,

we selected a related threshold of 15 points [45], used
for individuals with Parkinson disease, another neurologic
disorder affecting gait and balance. A threshold value of
14.1% or 4.2 points, determined from a sample of individuals
with stroke [46], is available for MDC comparison.
Treatment Sessions
Following the baseline balance assessment, participants
underwent treatment with the gait device 3 times per week
over 4 weeks, totaling 12 treatment sessions. During each
treatment session, the device was worn on the participant’s
nonparetic foot, and an approximately height-matched shoe
was worn on the paretic foot. Participants walked on the
gait device for a target of 30 minutes during each session
with rest breaks at scheduled 5-minute intervals, or more
frequently if needed. Licensed physical therapists supervised
all sessions and provided the level of mobility assistance
needed for participant safety and comfort while walking on
the gait device.
Statistical Methods
The sample size for this long-term follow-up study is based
on the number of individuals who participated in the 4-week
treatment and who continued in the study for the year
following treatment. The sample size for the short-term study
[27] was derived using power analyses from 2 previous
studies with the gait device [23,24]. In the first study [23],
the analysis focused on the comparison between pretreat-
ment and posttreatment data in healthy individuals without
mobility impairments. It revealed an effect size of 0.68 for
the difference in step length asymmetry. These calculations
estimated that a sample size of 18 participants would obtain a
power of 0.8. The second study [24], based on a pilot in-clinic
study using the device with individuals with stroke, calculated
an effect size of 0.71 for gait speed. A power analysis based
on gait speed showed that 21 participants would obtain a
power of 0.85. In the present study, 21 participants completed
the treatment. After the treatment period, 3 participants did
not complete all remaining follow-up sessions. Since we are
reporting repeated-measures statistical tests, this study reports
results from the 18 participants who completed all outcome
assessments at all time periods.

Statistical tests included both parametric (repeated-meas-
ures ANOVA) and nonparametric (Friedman) tests to
determine the statistical significance of outcome measure
score changes between baseline and each of the 5 follow-up
time frames. The Friedman test was used when the data
violated the assumptions of an ANOVA test. When statisti-
cal significance was found, post hoc pairwise comparisons
were performed using Tukey honestly significant difference
or the Wilcoxon signed-rank test for nonparametric (Fried-
man) tests. The Spearman rank-order correlation coefficient
was used for correlation analysis. All statistical analyses were
calculated using SPSS Version 26 software (IBM Corp).

To evaluate the risk for falls, we compared each par-
ticipant’s outcome measure score at each time frame to
the related fall risk threshold of each outcome measure.
In addition, to assess the magnitude of outcome measure
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change compared with the measurement error of each test, we
compared both our study group average and each individual’s
score changes to the threshold MDC value for each test.
Finally, survey responses were manually tabulated for the
reported number of falls and the percentage of positive or
negative responses to questionnaire items.

Results
Participant Characteristics
Figure 2 shows the study activities and the number of
participants in each study phase from recruitment through

follow-up. Recruitment occurred between July 2018 and
September 2018. Treatment occurred between July 2018
and December 2018, and all study-related follow-up was
completed in December 2019. The results and analyses of
this study include the 18 study participants who comple-
ted all assessments through the 12-month follow-up. The
demographics of the study participants are shown in Table
1.

Figure 2. Number of study participants at each stage of the research study. Key study activities are listed within each phase, and reasons for
nonparticipation are available to the right of each phase heading. BBS: Berg Balance Scale; FGA: Functional Gait Assessment; TUG: Timed Up and
Go.
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Table 1. Participant demographics.

ID Sex Weight (lbs) Age (years)
Time since stroke
(months) Side of hemiparesis AFOa

Treatment duration
(minutes)

A Mb 160 53 24 Left No 295
B M 198 55 13 Right Yes 355
C Fc 200 44 14 Left No 270
D M 240 51 50 Left Partiald 360
E M 235 52 130 Right Yes 360
F F 134 46 308 Left No 360
G M 220 61 22 Left Yes 290
H M 190 63 53 Left Yes 285
I F 250 58 92 Left No 360
J F 222 69 89 Left No 330
K F 189 47 28 Right Partiald 215
L F 172 53 32 Left No 360
M F 183 50 80 Left Yes 210
N M 134 61 46 Left Partiald 165
O F 150 54 21 Right No 280
P F 180 77 15 Left No 170
Q M 175 64 30 Right Yes 260
R M 188 62 28 Left No 295
Total 18 (9 M and

9 F)
Mean (SD) 190 (34) Mean (SD) 57 (9) Mean (SD)

60 (70)
5 Right
13 Left

6 Yes
9 No
3 Partial

Mean (SD)
290 (66)

aAFO: Ankle-Foot Orthosis.
bM: male.
cF: female.
dPartial:participantss who used an AFO occasionally at baseline, but did not use during the study.

Statistical Analysis
Mauchly Test of Sphericity showed significance, indicating a
violation of one of the assumptions of a repeated-measures
ANOVA for the TUG and BBS (but not the FGA); there-
fore, Greenhouse-Geisser corrections were applied. Further,
TUG did not show normally distributed results; therefore, we
used the Friedman test for the TUG (BBS and FGA were
normally distributed for all except one time frame). Using
repeated-measures ANOVA, our findings showed statistical
significance from baseline to each follow-up time frame for
BBS (F2.5,42.8=19.5; P<.001) and FGA (F5,85=18.3; P<.001).
Friedman test also showed statistical significance from
baseline to each follow-up time frame for TUG, (χ25=33.0;
P<.001). Table 2 shows the outcome measure means at each

assessment session, outcome measure score changes relative
to baseline, and associated P values. Respective MDC values
and fall risk thresholds are provided in the table for reference.
Note that the percentage difference calculation for the FGA is
the average of each participant’s percent change score.

The relationship between the duration of treatment with
the gait device (in min) and balance assessment scores at
each posttreatment time period was assessed using Spear-
man rank-order correlation coefficient. Table 3 shows that
statistically significant moderate to strong correlations were
found between treatment minutes and the majority of balance
scores at each of the 5 follow-up sessions. Statistically
significant relationships are indicated in the table below.

Table 2. Statistical analysis, from baseline to each posttreatment time frame.

Values Baseline
1 wk post
treatment

1 mo post
treatment

3 mo post
treatment

6 mo post
treatment

12 mo post
treatment

BBSa (ptsb) MDCc=2.5 pts [38]; fall risk≤44 pts [37]
  Mean (SD) 42.6 (6.0) 46.7 (4.8) 48.5 (4.8) 49.3 (5.2) 48.8 (5.4) 48.5 (5.8)
  Difference —d 4.1 5.9 6.7 6.2 5.9
  P value — .01e <.001e e<.001f <.001e .001e

TUGf (sec) MDC=−3.2 sec [34]; fall risk≥14 sec [43]
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Values Baseline
1 wk post
treatment

1 mo post
treatment

3 mo post
treatment

6 mo post
treatment

12 mo post
treatment

  Mean (SD) 19.7 (8.6) 14.9 (6.1) 14.4 (6.0) 14.4 (5.8) 14.1 (6.6) 14.8 (6.9)
  Difference — –4.8 −5.3 −5.3 −5.6 −4.9
  P value — <.001e .001e .001e .004e .05e

FGAg (pts)
  Mean (SD) 15.1 (5.1) 20.1 (4.6) 20.7 (4.3) 21.7 (4.5) 20.4 (4.5) 18.9 (4.5)
MDC=4.2 pts or 14.1% [46]
  Difference — 5.0 5.6 6.6 5.3 3.8
Fall risk≤15 pts [45]
  Difference — 41.4 48.2 56.5 45.4 34.6
  P value — <.001e <.001e <.001e <.001e .005e

aBBS: Berg Balance Scale.
bpts: points.
cMDC: minimal detectable change.
dNot applicable.
eStatistically significant, P<.05.
fTUG: Timed Up and Go.
gFGA: Functional Gait Assessment.

Table 3. Correlation analysis between balance scores at each time period and minutes of treatment.

Outcome and balance measurement
Minutes of treatment
Spearman ρ P value

BBSa

  BBS 1 wk post treatment 0.574b .01
  BBS 1 mo post treatment 0.624b .006
  BBS 3 mo post treatment 0.634b .005
  BBS 6 mo post treatment 0.442 .07
  BBS 12-mo post treatment 0.400 .10
TUGc

  TUG 1 wk post treatment −0.549b .02
  TUG 1 mo post treatment −0.613b .007
  TUG 3 mo post treatment −0.640b .004
  TUG 6 mo post treatment −0.560b .02
  TUG 12 mo post treatment −0.749b <.001
FGAd

  FGA 1 wk post treatment 0.118 .64
  FGA 1 mo post treatment −0.036 .89
  FGA 3 mo post treatment 0.157 .53
  FGA 6 mo post treatment 0.252 .31
  FGA 12 mo post treatment 0.485b .04

aBBS: Berg Balance Scale.
bStatistically significant correlation, P<.05.
cTUG: Timed Up and Go.
dFGA: Functional Gait Assessment

Balance Improvement

Overview
The average score on each balance measure at each time
period is shown in Figures 3A-3C, with the respective
threshold fall risk range indicated with gray shading for
comparison. For the BBS, the average score improved from
below the fall risk threshold (ie, high risk for falls) at baseline

to above the fall risk threshold (ie, low risk for falls) at each
of the 5 follow-ups. For the TUG, the average score at each
time period improved by more than 4 seconds and approached
the fall risk threshold score of 14 seconds [43]. Finally, the
average FGA score of 15.1 approximates the fall threshold
score of 15 points [45] at baseline but improves over 3 points
beyond the threshold at each posttreatment assessment.
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Figure 3. Average outcome measure score across all study participants (n=18) at each time period. (A) Average Berg Balance Scale score at each
study time period. (B) Average Timed Up and Go score at each study time period. (C) Average Functional Gait Assessment score at each study time
period. Error bars represent 95% CIs, and shading corresponds to each outcome’s fall risk threshold. BBS: Berg Balance Scale; FGA: Functional Gait
Assessment; TUG: Timed Up and Go. Post: Posttreatment.

Improvement Relative to the Minimal
Detectable Change
The MDC determines the smallest amount of change that
is not likely due to chance variation in measurement [47].
Therefore, we sought to determine if the magnitude of
posttreatment measurement changes (for each participant at
each time frame) exceeded this metric. Table 4 shows a
comparison to the MDC. Note that some individuals scored

highly on the balance measures at baseline (such as partici-
pant R, who scored 8.8 s on the TUG, 52 on the BBS, and
26 on the FGA at baseline). Therefore, exceeding an MDC
threshold may not have been expected for some participants.
Nonetheless, findings show that at least 72% (13/18) of
participants exceeded the MDC of BBS, at least 44% (8/18)
exceeded the MDC of TUG, and at least 66% (12/18)
exceeded the MDC of FGA at every posttreatment time point.

Table 4. Improvement relative to the minimal detectable change (✓ indicates improvement beyond minimal detectable change, and — indicates a
change less than minimal detectable change).

ID
1 wk post treatment 1 mo post treatment 3 mo post treatment 6 mo post treatment 12 mo post treatment %a

BBS TUG FGA BBS TUG FGA BBS TUG FGA BBS TUG FGA BBSb TUGc FGAd

A ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 100
B ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 100
C ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — ✓ 93
D ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — ✓ ✓ ✓ ✓ ✓ ✓ 93
E ✓ — ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 93
F ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — ✓ ✓ — ✓ 87
G ✓ ✓ ✓ ✓ — ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — 87
H ✓ ✓ — ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — 87
I ✓ — ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ — ✓ ✓ 87
J ✓ — ✓ ✓ ✓ ✓ ✓ — ✓ ✓ ✓ ✓ — — ✓ 73
K — ✓ ✓ — ✓ ✓ — — ✓ ✓ ✓ — ✓ ✓ ✓ 67
L ✓ — ✓ ✓ — ✓ ✓ — ✓ ✓ — ✓ ✓ — ✓ 67
M ✓ — ✓ ✓ — ✓ ✓ — ✓ ✓ — ✓ ✓ — ✓ 67
N — ✓ ✓ — ✓ ✓ — ✓ ✓ ✓ — ✓ — — ✓ 60
O — ✓ — ✓ ✓ — ✓ ✓ — ✓ ✓ — ✓ — — 53
P ✓ — ✓ ✓ ✓ ✓ ✓ — — — ✓ ✓ — — — 53
Q — — ✓ — — ✓ — — ✓ — — ✓ ✓ — — 33
R — — — — — — — — — — — — — — — 0
%e 72.2 55.6 83.3 77.8 72.2 88.9 77.8 61.1 77.8 83.3 66.7 83.3 72.2 44.4 66.7

aPercentage of time periods each individual participant exceeded the MDC.
bBBS: Berg Balance Scale.
cTUG: Timed Up and Go.
dFGA: Functional Gait Assessment.
ePercentage of participants that improved greater than the MDC at each time period.
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Fall Risk Classification
The number of participants classified as high fall risk by
each assessment’s criteria is shown in Figure 4. For the BBS,
11 (61%) participants were categorized as a high fall risk
at baseline [38], but only 2-4 participants remained at high
fall risk after treatment. Thirteen (72%) participants scored
as high fall risk using TUG criteria at baseline, and this
number was reduced to 4-9 participants at each posttreatment

time period. Similarly, while 11 (61%) participants scored at
high fall risk at baseline on the FGA, only 1-3 participants
remained at high risk for falls after treatment with the gait
device. Of the 15 participants who were identified as being at
risk for falls at baseline, 15 out of 15 (100%) reduced their
risk for falls on at least one outcome (during at least one
posttreatment measurement).

Figure 4. Number of participants at high risk for falls, as determined by the Berg Balance Scale, the Timed Up and Go test, and the Functional Gait
Assessment, at each study time period. The Functional Gait Assessment uses the Parkinson disease fall risk threshold. Post: posttreatment.

Outcome Measure Agreement
Fall risk classifications on all 3 functional balance assess-
ments are combined into Figure 5. Findings show a sustained
and progressive increase in the number of participants who

scored as low risk for falls on all measures through the
6-month follow-up. At 12 months post treatment, the number
of participants at low risk for falls remains substantially
above baseline.
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Figure 5. Number of participants at low risk for fall on all 3 outcome measures (the Berg Balance Scale, the Timed Up and Go test, and the
Functional Gait Assessment), at each study time period. Post: posttreatment.

Questionnaire Results
Participants were questioned on the frequency of falls since
their stroke and in the 12 months after being treated with the
gait device. Questionnaire answer responses for the number
of falls included the following ranges: (1) no falls, (2) 1‐5
falls, (3) 5‐10 falls, and (4)>10 falls. In addition, partici-
pants were asked if the gait device improved their balance.
Questionnaire results are provided in Figure 6. Note that

since the number of falls was provided in a numerical range
and the duration of time between fall reference durations
is variable (ie, the duration of time since each participant’s
stroke and the duration of time since their treatment with the
gait device), sparklines are used as a visual representation of
the data trends. In addition, 1 participant did not complete the
questionnaire (indicated by “n/a” in the table).

Figure 6. Questionnaire results. Sparkline thickness correlates with the number of sustained falls, with thicker lines indicating a higher number of
falls. Months since stroke and age are provided for further context of the results. A downward-pointing arrow represents a trend toward fewer falls, an
upward-pointing arrow represents a trend toward more falls, and a horizontal arrow represents no change in the fall trend.

Discussion
Principal Findings
In this study, we measured participants’ functional balance
using the BBS, the TUG test, and the FGA before and
several times after treatment with the gait device. Results

reveal statistically significant improvements on each outcome
at all 5 posttreatment time frames (P<.05) and a substantial
reduction in the number of individuals categorized as high
risk for falls by each of these outcome measures.

In addition to improved functional balance scores,
the retention of balance improvement is a key finding
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of this study. Twelve months posttreatment, scores on
each functional outcome remained significantly improved
compared with baseline measurements. Moreover, using
thresholds reported in the literature to classify fall risk, 12
out of 18 (67%) participants scored as low risk for falls
on each of the three outcomes 12 months post treatment,
an improvement from 3 out of 18 (17%) before treatment.
A 2010 systematic review by Lubetzky-Vilnai and Kartin
[48] analyzed the effect of balance training on balance
performance for poststroke populations of varying chronic-
ity. In comparison to the eight cited studies focused on
the chronic stroke population with a comparable outcome
measure [49-56], the majority of studies (5/8, 63%) report
an immediate post treatment BBS improvement of lesser
magnitude than the present study [49,51,52,55,56], although
most of these studies demonstrated a more robust study
design. Three studies reported greater improvement on the
BBS compared with our study; however, these studies had
longer or more intense treatment regimens [50,53,54]. In
addition, none of these studies demonstrate retention of the
reported improvements beyond 3 months after treatment.

The specific factors determining the retention of balance-
related treatment effects post stroke lack substantial discus-
sion in rehabilitation literature. However, research suggests
that achieving improved performance of an affected limb
or improved mobility levels after stroke may further enable
improvement-sustaining activity participation [57-59]. In our
study, a notable improvement in functional balance, in
combination with other functional parameters targeted by
the gait device (ie, asymmetry and gait speed [24,27,29])
could mitigate some of the barriers that limit poststroke
mobility participation, subsequently sustaining the treatment
effects. Future studies could clarify the exact mechanisms that
translate to higher balance measure scores, and especially the
retention of these effects, after treatment with the gait device.

While functional balance measures are routinely used in
research and clinical practice to reflect risk for falls and
fall risk reduction following treatment, it is important to
correlate results on these measures with real-world fall rates.
In this study, a posttreatment questionnaire regarding the
participant’s fall history (from the date of their stroke event
until the start of the clinical trial and in the 12 months
following gait device treatment) was used to capture this
information. Fourteen of 17 (82%) participants classified
themselves as experiencing one or more falls before the
start of the clinical trial. While this percentage appears high
compared with rehabilitation literature [2], it is in line with
studies reporting that those most likely to fall have moder-
ate function (ie, impaired ability to maintain balance, yet
still reasonably mobile) as found in our study population
[60]. In the year following treatment with the gait device,
the number of participants experiencing falls was reduced
to 9 of 17 (53%), and some of the remaining 8 partici-
pants appeared to reduce their fall frequency. While the
relative time duration of the pre- and posttreatment periods
is not consistent for most participants (months since stroke
is included in Figure 6 to provide context), a beneficial
trend in real-world falls likely occurred. Importantly, the 5

oldest study participants (ages 62‐77 years) remained fallers
posttreatment, and 67% of those who fell after the treatment
period were older than 60 years. These results highlight the
well-known additional impact of aging on fall risk, including
for those with stroke [61]. Moreover, the continued occur-
rence of falls despite improved balance function highlights
the complexity surrounding falls management and the need
for comprehensive assessments and treatments, in addition to
gait and balance treatment, for individuals post stroke.
Limitations
Our study has several limitations. First, without a control
group, we cannot exclude the possibility of confounding
variables influencing our results. This limitation reduces
our ability to draw definitive causal conclusions about the
effectiveness of the intervention and limits generalizability to
a broader poststroke populations or circumstances. Therefore,
these results should be regarded as preliminary and in need
of further confirmation with larger, controlled studies. A
second limitation is attaining a falls history using a self-
report questionnaire, which may be unreliable and subject
to bias. In addition, the use of categorical measures for fall
rates limits direct pre-post fall comparisons. These results
could be strengthened by monitoring fall occurrence rates
before, during, and after the treatment period. In addition, as
the therapist assessors also oversaw the treatment, examiner
bias is possible, and testing effects can occur with repeated
outcome measurement.

Further, as noted in our inclusion criteria, the clinical
trial participants did not receive additional physical therapy
treatment from the clinical trial physical therapists or external
physical therapists during the treatment period. However,
given the extended duration of our study (ie, greater than 1
year), we did not exclude participants for obtaining additional
therapy after the 1-week follow-up assessment was comple-
ted. Six of the 18 participants (B, D, H, M, Q, and R)
did receive some form of therapy treatment between the
1-week and 12-month follow-up. Of these 6 participants, 3
had minimal treatment (6 or fewer therapy sessions), and
of the remaining 3 participants, 2 received services focusing
on upper extremity function (with some full-body therapy
included). Importantly, two-thirds of our participants (12/18
participants) did not receive any additional physical therapy
treatment throughout the study duration. Also, reviewing our
results without the data from these 6 individuals yields largely
unchanged findings (and even stronger trends in the percen-
tages of participants exceeding MDC values). These results
are shown in Multimedia Appendix 1.

Finally, in our results, we compare the participants’
improvement posttreatment to each outcome measure’s
corresponding MDC value. While MDC provides a thresh-
old to exceed the measurement error of each test, it does
not provide context on the meaningfulness of the improve-
ment (ie, minimal clinically important difference [MCID]),
arguably a more important attribute post treatment. Unfortu-
nately, MCID thresholds were not available for the selec-
ted outcomes in the population of chronic stroke. Several
populations have been studied to obtain MCID values for
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these outcomes, including multiple sclerosis and the BBS [62]
(MCID of 3 points compared with our used MDC value of
2.5 points), community-dwelling older adults and individu-
als with vestibular disorders for the FGA [63,64] (MCID
of 4 points compared our used MDC value of 4.2 points
or 14.1%), and patients undergoing lumbar surgery for the
TUG test [65] (MCID of −3.4 s compared with our used
MDC value of −3.2 s). While not directly generalizable,
the similarities of these values to the MDC values for the
chronic stroke population may suggest the meaningfulness of
the improvement noted in this study.
Conclusions
The results of this study indicate that treatment with the
gait device has the potential to result in long-term functional

balance improvement for individuals with chronic stroke. Our
findings reveal significantly improved scores on 3 validated
balance measures, with improvements retained one year after
treatment. In addition, score changes reflect a reduced risk
of falls in the year following treatment with the gait device.
Larger, controlled studies could confirm these results and
verify the reduction in fall rates through pre- and posttreat-
ment monitoring.
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