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Abstract

Purpose—Determine the relationship between balance impairments and the ability to increase
walking speed (WS) on demand in individuals with chronic stroke.

Methods—WS and Berg Balance Scale (BBS) data were collected on 124 individuals with
chronic stroke (>6 months). The ability to increase WS on demand (walking speed reserve, WSR)
was quantified as the difference between participants’ self-selected (SSWS) and maximal (MWS)
walking speeds. Correlation, regression and receiver operating characteristic (ROC) analyses were
performed to investigate the relationship between balance and the ability to increase WS.

Results—Of sample, 58.9% were unable to increase WS on demand (WSR < 0.2 m/s). BBS
scores were associated with WSR values (7=0.74, 0.65-0.81) and were predictive of ‘able/unable
to increase WS [odds ratio (OR)=0.75, 0.67-0.84]. The AUC for the ROC curve constructed to
assess the accuracy of BBS to discriminate between able/unable to increase WS was 0.85 (0.78-
0.92). A BBS cutscore of 47 points was identified [sensitivity: 72.6%, specificity: 90.2%,+
likelihood ratio (LR): 7.41, - LR: 0.30].

Conclusions—The inability to increase WS on demand is common in individuals with chronic
stroke, and balance appears to be a significant contributor to this difficulty. A BBS cutscore of 47
points can identify individuals who may benefit from balance interventions to improve the ability
to increase their WS.
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Introduction

Methods

Difficulty walking often persists into the chronic phase of stroke,[1] with gait-related
impairments [2-5] resulting in reduced (WS).[2,6] Although self-selected walking speeds
(SSWS) in this population are typically slow, of particular concern is that many individuals
exhibit an inability to “increase” speed while walking.[6-8] This inability implies that the
individual typically walks at, or close to, their maximal speed and lacks the capacity to
increase their WS in response to environmental demands. Walking can be a vulnerable
activity for individuals with stroke, as a majority of falls occur while walking.[9-11]
Perhaps, it is the individuals who are already walking “at capacity” that are at greatest risk
for falls. By assessing an individual’s ability to increase their WS, we can identify those
individuals who are walking at their capacity, without a reserve to draw on if necessary.

The ability to increase WS on demand can be quantified clinically by determining the
difference between an individual’s SSWS and their maximal walking speed (MWS). Termed
“walking speed reserve” (WSR), this value represents the speed increase an individual has
available to utilize when needed. Determining why some individuals can increase their WS
while others cannot, will help inform interventions targeting this ability.

Although lower extremity strength has been associated with both SSWS and MWS,[12,13]
this relationship does not appear to extend to an individual’s WSR.[14] However, slower
walkers are less able to increase their speed on demand [6] and also demonstrate reduced
balance compared to faster walkers.[1] This suggests that individuals post-stroke may be
unable to access their “reserve” due to diminished balance. Specifically, the Berg Balance
Scale (BBS) has been related to the ability to increase WS in higher functioning individuals
post-stroke who walked without an assistive device.[14] Exclusion of individuals who use an
assistive device represents a notable limitation given that up to 43% of this population relies
on an assistive device for mobility.[15,16]

The primary objective of this study was to determine the relationship between balance
impairments and the ability to increase WS (WSR) in individuals with chronic stroke across
a wide range of functional abilities. We hypothesized that individuals with more impaired
balance would exhibit greater deficits in WSR. A secondary objective was to identify a BBS
cutscore that could be used to distinguish individuals with chronic stroke with low WSR due
to balance impairments from those with low WSR due to other factors. This finding will
help guide clinical practice by indicating potential targets for intervention.

A cross-sectional design was used to address the stated aims of the study. All participants
reviewed and signed an informed consent form approved by the University of South
Carolina or University of North Carolina at Chapel Hill’s Institutional Review Board prior to
participation.
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Community-dwelling individuals with chronic stroke undergoing baseline testing for
ongoing clinical trials at two University sites were included in the present study. To be
eligible for this study, participants had to be >18 years of age, >6 months post-stroke, able to
understand testing instructions and correctly carry them out, and able to walk 10 m with or
without an assistive device. Participants were excluded if they had severe weight-bearing
pain, severe visual impairment, other neurological conditions such as Parkinson’s disease,
and/or severe cardiovascular or musculoskeletal problems that limited ability to ambulate. A
formal power analysis was not performed, rather all participants meeting study criteria were
included. Assessments were performed by individuals trained on standardized protocols for
the following selected measures.

Selected measures

Balance

Walking speed—Walking speed was assessed in all participants via either a 3 Meter Walk
Test (3MWT) or using a 4.27m GAITRite mat (CIR Systems, Havertown, PA). The
assessment method utilized was based on testing site. For assessment of SSWS, participants
were instructed to walk at their “usual, comfortable speed”. For MWS, the instructions were
to walk as “quickly, but safely as possible”. The three trials under each condition were then
averaged to determine SSWS and MWS (m/s), respectively. Assistive devices and/or
orthoses typically used during community ambulation were permitted during testing, but
participants did not receive physical assistance during gait.

3 Meter Walk Test: The 3MWT is a reliable method for assessing WS in individuals with
chronic stroke.[17] A handheld stopwatch was used to time participants over a three meter
path. Timing started when the participant’s lead leg broke the plane of the marker at the
beginning of the path and stopped when their lead leg broke the plane of the marker at the
end of the three meter path. Two meters were provided prior to and following the timed
portion to allow acceleration and deceleration to occur outside of the timed segment and
ensure that steady-state SSWS and MWS were captured for analysis.[18,19]

GAITRite: The GAITRite mat is a portable gait analysis system that can be used to reliably
assess the WS of individuals with chronic stroke.[17] The active portion of the mat (width:
61 cm, length: 4.27 m) is embedded with 16 128 pressure sensors. For WS data collection,
the sensors were set to sample data at 60 Hz. Participants were provided ~1.5 m prior to and
following the GAITRIte mat to allow for acceleration and deceleration and ensure that
steady-state WSs were captured for analysis. SSWS and MWS were automatically computed
for each trial by the associated GAITRite software.[20]

WSR was calculated as the difference between the individual’s MWS and SSWS
(WSR=MWS - SSWS). As with WS, WSR is reported in meters per second.

Berg Balance Scale—The BBS is a valid, reliable measure for assessing balance in
individuals with stroke.[21] The measure consists of 14 items scored on a 0—4 scale, making
56 the maximal score. Higher scores are indicative of better balance. The measure assesses
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both static (e.g. standing eyes open/eyes closed) and dynamic (e.g. foot taps on a step)
balance and includes functional activities (e.g. transfers).[22] The use of assistive devices
was not permitted during performance of the BBS.

Data analysis

Descriptive statistics (mean or median, standard deviation, range, percentages) were
calculated on all collected variables to characterize the sample. Distributions were assessed
for normality using Shapiro—Wilk tests. Both WSR and BBS exhibited non-normal
distributions and underwent a square root and reflected square root transformation,
respectively. To determine the strength of the association between balance impairments and
the ability to increase WS, a Spearman’s correlation coefficient was calculated for the
relationship between BBS scores and WSR values. Given the well-known association
between age and gait speed, we assessed the association between age and WSR using a
Pearson’s correlation. If age was found to be significantly correlated with WSR, age would
be entered as a covariate in regression analyses.

To further examine the relationship between balance and the ability to increase WS, logistic
regression was performed with BBS scores as the independent variable and “able/unable to
increase WS” as the dichotomous dependent variable. Those with WSRs =0.2 m/s were
classified as “able to increase WS”, and those with WSRs <0.2 m/s were classified as
“unable to increase WS”. The 0.2 m/s threshold was selected to correspond with the minimal
detectable change (MDC) value for SSWS in individuals with chronic stroke.[20]
Descriptive statistics were calculated for each subgroup (able/unable to increase WS) and
between-group comparisons were performed using independent sample #tests, Mann—
Whitney U-tests or chi-squared (XZ) tests, as appropriate. Alpha was set at 0.05 for all
significance testing.

To assess the accuracy of using BBS scores to discriminate between those who were able
and unable to increase WS, a receiver operating characteristic (ROC) curve was constructed.
The area under the curve (AUC) was calculated to represent the accuracy of the test at
discriminating between “positive” (WSR=0.2 m/s) and “negative” (WSR < 0.2 m/s) test
results. An AUC of 1.0 corresponds to perfect discrimination, while an AUC of 0.5 indicates
the test is not better than chance at discriminating between those who are able/unable to
increase WS. The ROC curve constructed was also used to identify a BBS cutscore that best
discriminated (maximized combined sensitivity and specificity) between those who were
able/unable to increase WS. Using the sensitivity and specificity for the identified cutscore,
positive and negative likelihood ratios [+ LR=sensitivity/(1- specificity), —
LR=(1-sensitivty)/specificity] were calculated. The LRs provide information on the clinical
utility of using the identified BBS cut-score to identify those who are unable to increase WS.
LRs can be interpreted as follows:+ LRs > 10 and —LRs < 0.1 result in shifts in probability
that are “large and conclusive”,+ LRs between 5 and 10 and —LRs between 0.1 and 0.2 result
in “moderate” shifts, + LRs from 2 to 5 and— LRs from 0.5 to 0.2 result in “small” shifts,
and + LRs from 1 to 2 and - LRs from 0.5 to 1 result in shifts that are “rarely important”.
[23] All data analyses were performed using IBM® SPSS 22, Armonk, NY.
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Sample characteristics (/7=124) are presented in Table 1. WSs were assessed in 68
participants via the 3MWT and 56 participants using the GAITRite mat.

BBS scores were significantly and positively associated with WSR values [/=0.74, 95%
confidence interval (Cl): 0.65, 0.81]. Age was not associated with WSR values (r=-0.01,
95% CI: -0.19, 0.17). Relationships between BBS and WSR and between age and WSR are
depicted in Figure 1.

Logistic regression

Fifty-one participants were able to increase their WS and 73 were unable (WSR above/
below 0.2 m/s, respectively). The two groups demonstrated similar demographic
characteristics (age, sex, time post-stroke), but differed on all functional measures (BBS,
SSWS, MWS, WSR). Refer to Table 2 for able/unable group characteristics. BBS scores
were a significant predictor of being able/unable to increase WS. As BBS scores increased, a
participant’s risk of being unable to increase their WS decreased [odds ratio (OR)=0.75;
95% CI: 0.67, 0.84; p< 0.001]. Age was not significantly associated with WSR and was not
entered as a covariate in logistic regression.

ROC curve analysis

The AUC for the ROC curve (Figure 2) constructed to assess the accuracy of BBS scores to
discriminate between those who were able/unable to increase WS was 0.85 (95% CI: 0.78,
0.92). The BBS cutscore identified on the curve that maximized combined sensitivity
(72.6%) and specificity (90.2%) was 47 points. The + LR associated with this cutscore is
7.41 and the- LR is 0.30.

Discussion

The ability to increase WS on demand is important for successful, safe and adaptable
community ambulation. Individuals walking “at capacity” lack the speed reserves needed to
respond to environmental demands. We observed that a majority of our participants (59%)
were unable to increase their WS and were walking at capacity; highlighting the prevalence
of the problem among individuals with chronic stroke. Before interventions can be
implemented to address this functional limitation, the impairments contributing to the
inability to increase WS must be determined. Our results suggest that impaired balance, as
measured with the BBS, contributes to the inability to increase WS on-demand.

As a commonly used, psychometrically sound outcome measure for assessing balance in
individuals with stroke, the BBS has been well-studied.[21] A variety of cutscores are
available in the literature, allowing clinicians to identify “at-risk” clients. Fall risk cutscores
range from 31 [24] to 50 [25] for discriminating between fallers and non-fallers, and 42 [26]
to 52 [11] for identification of “multiple fallers” or “injurious falls” among individuals with
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stroke. Given the balance requirements for maintaining stability, the relationship between
BBS scores and fall risk is not surprising; however, BBS scores also appear to provide
insight into walking ability in individuals with stroke.

BBS scores are related to SSWS,[1] MWS,[27] and community ambulatory activity [28] and
are predictive of walking outcomes in this population. For example, an individual receiving
inpatient rehabilitation for stroke’s admission BBS score combined with their FIM walk
item score can be used to predict whether they will be a community ambulator at discharge.
[29] Admission BBS scores are also predictive of independence with walking at 3 months in
this population.[30] Patterson et al. [1], found BBS score to be a significant predictor of both
WS and endurance in individuals with chronic stroke who had moderate to severe
impairments (SSWS < 0.48 m/s). Our findings indicate that in addition to the previously
published cutscores, a score of <47 points on the BBS may identify clients with chronic
stroke who have difficulty increasing WS secondary to impaired balance. If balance
impairments are identified as a contributor (i.e. client scores <47 on BBS), appropriate
treatment activities targeting balance can be implemented. Importantly, it appears that
addressing balance deficits may improve the ability to increase WS on demand.

Addressing balance impairments in order to improve gait is not a novel concept; balance
plays an important role in gait. Due to the nature of bipedal locomotion, a majority of the
gait cycle is spent in single limb support. During these phases, the center of mass travels
outside of the base of support, making it inherently unstable.[31] Accordingly, evidence
supports the role of balance in gait rehabilitation for individuals with stroke.[32]
Improvements in balance coincide with improvements in gait-related outcomes, [33,34] and
baseline balance may provide insight into who will improve SSWS following intervention in
this population, as well.[35] Our findings emphasize the importance of balance in gait
rehabilitation, especially when the gait-related target of intervention is the ability to increase
WS. In order for individuals to maximize their ability to functionally ambulate in the
community, they need to have the capacity to speed up in response to environmental
demands. Woollacott et al. [31] list four criteria for “successful” ambulation, one of which is
“adaptability to meet any changes in the environment or other concurrent tasks”. For
individuals with chronic stroke, balance impairments may limit this ability.

Assistive device use appeared to have a role in our participant’s ability to increase WS.
Specifically, we noted that individuals with an inability to increase WS tended to use
assistive devices, whereas those able to increase WS did not tend to use an assistive device.
Although the use of an assistive device will increase an individual’s base of support, these
participants were still unable to increase gait speed. This suggests that either the assistive
device didn’t provide them with sufficient balance control to increase WS, or there were
additional underlying impairments that prohibited them from increasing WS. Although BBS
scores were associated with WSR values among those who used an assistive device and
those who did not, the association appears stronger for those who used a device (Spearman’s
r=0.39 for no assistive device and 0.65 for assistive device, p < 0.001). Lee et al. [14]
previously reported an association between balance impairments and the ability to increase
WS in individuals with chronic stroke who did not require an assistive device. Our findings
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expand on that work by demonstrating that this relationship exists, and may actually be
stronger, in those who require an assistive device for ambulation.

The BBS threshold for identifying individuals with chronic stroke who were unable to
increase their WS on demand was higher than the 42 point fall risk cutscore that emerged
from the Locomotor Experience Applied Post-Stroke (LEAPS) trial.[26] The LEAPS
cutscore was selected for comparison because it was prospectively derived from a large
sample. The threshold for identifying individuals who do not have the capacity to increase
WS is higher than the threshold for fall risk, indicating that among individuals with stroke,
balance impairments do not have to reach the severity of “fall risk” before functional
ambulation is affected. Interventions to improve balance may need to be initiated at this
higher threshold, if the individual demonstrates an inability to increase WS. Perhaps by
intervening “earlier” (before balance impairments reach a severity of < 42 points on the
BBS), safety during functional ambulation can be increased and risk of falls while walking
can be decreased. A majority of falls in individuals with stroke occur while walking,[9-11]
so safety during this task is a priority. Determining if an inability to increase WS on demand
is associated with risk for falls while walking is an area for future research.

Two methods of collecting WS data were utilized, the 3SMWT and the GAITRite portable
gait analysis system. Both are highly reliable methods of assessing WS in individuals with
chronic stroke [17] and timed distance varies by only 1.27 m. While consistency in protocol
would have been preferable, the outcome of interest was WSR. This value was calculated
using SSWS and MWS collected by reliable methods; therefore, the difference score should
be minimally affected. Additionally, all WS data was collected in clinical laboratory settings
by staff trained on standardized procedures, further improving the reliability of the protocols
used.

The purpose of the study was to determine the role balance plays in the ability to increase
WS in individuals with chronic stroke. By limiting our analyses to balance, our findings do
not provide insight into other potential contributors. Increasing speed while walking is a
complex task, and it is likely that other factors, such as strength, endurance and tone, also
play a role. This is supported by the fact that BBS scores as high as 56 points were observed
among participants classified as “unable to increase WS”. Balance impairments are not
likely limiting the ability to increase WS in this subgroup of participants with high BBS
scores and low WSR values. Determining the relative importance of other factors
contributing to the inability to increase WS will allow for more comprehensive intervention
strategies and should be a focus of future research. Another limitation was the use of 0.2 m/s
to dichotomize the sample into those able and unable to increase WS. The value was
selected as it represents the minimal increase in WS required to ensure that “true change”
has occurred in this population.[20] Although this is an evidence-based cutscore, it does not
perfectly discriminate between those who are able and unable to increase WS within our
sample. Finally, the potential role of comorbidities, such as arthritis, which may impact both
BBS scores and the ability to increase WS was not considered in the current analyses.
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Conclusions

Some individuals with chronic stroke are already walking “at capacity” in the community
and, as a result, are unable to increase their WS in response to environmental demands. The
inability to increase WS on demand may limit these individuals’ ability to be functional
ambulators in the community. Balance is a significant contributor to the ability to increase
WS in individuals with chronic stroke. A BBS cutscore of 47 points can be used to identify
clients walking “at capacity” due to balance impairments. Future research will be need to
determine if addressing these balance impairments via appropriately targeted interventions
can lead to a greater WSR.
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IMPLICATIONS FOR REHABILITATION

. A majority of individuals with chronic stroke may be
unable to increase their walking speed beyond their self-
selected speed on demand.

. This may limit functional ambulation, as these
individuals are walking “at capacity”.

. Balance impairments contribute to the inability to
increase walking speed.

. A Berg Balance Scale score <47 points can be used to
identify individuals with chronic stroke walking “at
capacity” due to balance impairments.
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Scatter plots depicting relationship between (a) BBS scores and WSR (z=Spearman’s
correlation coefficient and associated 95% CI) (b) age and WSR (/=Pearson’s correlation

coefficient and associated 95% CI).
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Figure 2.
ROC curve for predicting inability to increase WS (WSR < 0.2 m/s) based on BBS scores.

Values presented in parentheses is 95% CI for AUC. Arrow corresponds to BBS Score (47
points) which maximized sensitivity (72.6%) and specificity (90.2%).
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Table 1

Sample characteristics (7= 124).

Sample characteristics

Age in years 62.97 (SD: 12.04)
Years post-stroke 4.62 (0.50, 22.68)
Female? 49 (39.52)

Assistive device?

Cane 49 (39.52)

Hemi-walker 1(0.81)

Walker 6 (4.84)
BBS (points) 47 (13, 56)
SSWS 0.49 (0.04, 1.16)
MWS 0.70 (0.05, 1.59)
WSR (m/s) 0.16 (0.00, 0.64)

Years post-stroke, BBS, SSWS, MWS and WSR not normally distributed. Median and range presented.

a - .
Female and assistive device data presented as (7, %).
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Group characteristics for able and unable to increase WS.

Table 2

Group characteristics  Able to increase WS  Unable to increase WS p ValuesP
n (%) 51 (41.1) 73 (58.9)
Age in years 63.53 (SD: 12.17) 62.59 (SD: 12.00) 0.53
Years post-stroke 5.17 (0.50, 15.00) 4.00 (0.50, 22.67) 0.08
Femaled 17 (33.3) 32 (43.8) 0.24
Assistive deviced
None 46 (90.2) 22 (30.1) <0.001
Cane 3(5.9) 46 (63.0) <0.001
Hemi-walker 0(0.0) 1(1.49) 0.40
Walker 2(3.9) 4(5.5) 0.69
BBS (points) 50 (43, 56) 42 (13, 56) <0.001
SSWS 0.68 (0.26, 1.11) 0.36 (0.04, 1.16) <0.001
MWS 1.02 (0.46, 1.59) 0.46 (0.05, 1.30) <0.001
WSR (m/s) 0.31(0.20, 0.64) 0.08 (0.00, 0.19) <0.001

Years post-stroke, BBS scores, SSWS, MWS and WSR not normally distributed in one or both groups, so median and range presented.
aFemaIe and assistive device data presented as (7, %).

b . . .
p values presented are for the Mann-Whitney U-test or chi-squared (XZ) between-group comparisons.
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