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Objectives: Fear of falling (FoF) is a common complication after stroke affecting gait and 
balance performance in individuals with a history of stroke. The current study aimed at 
determining the influence of the level of FoF on gait and balance performance after chronic 
stroke.

Methods: A total of 76 persons with chronic stroke (including 41 women), who had no 
cognitive impairment and could walk at least 10 meters without walking aids, participated 
in this cross-sectional observational study. The participants walked at their preferred speed to 
calculate gait asymmetry ratios for stance time, swing time, and step length. The Asymmetry 
Index determined standing balance asymmetry measures of medial-lateral and Anterior-
Posterior (AP) Center of Pressure (CoP) velocity. The Falls Efficacy Scale-International 
(FES-I) evaluated the severity of FoF. Thirty-one participants had no FoF, 25 had low FoF, 
and 20 had high FoF. A multivariate analysis of variance test was used to compare standing 
balance and gait parameters among 3 groups. The Pearson correlation test was also used to 
define the relationships between FES-I and gait and standing balance asymmetry measures in 
individuals with FoF.

Results: The Mean±SD age of the participants was 57.53±9.28 years. The Mean±SD time 
since stroke onset was 17.29±3.6 months. The participants with a high FoF had a significantly 
more asymmetrical swing time and step length and higher AP CoP asymmetry compared to 
those without FoF (P=0.02, P=0.007, P=0.03, respectively). Increased FES-I was related to 
increased swing time (r=0.65, P=0.001), step asymmetry (r=0.45, P=0.002), and AP CoP 
asymmetry (r=0.44, P=0.003).

Discussion: A high level of FoF affects gait and balance asymmetry after chronic stroke. 
Future research to develop therapeutic programs should consider the effects of FoF.
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Highlights 

● Chronic stroke survivors with high FoF have greater gait and standing balance asymmetry than those without FoF.

Plain Language Summary 

High FoF is related to gait and balance disturbance in individuals with chronic stroke. Health care personnel, who 
see persons with stroke, can address FoF within therapeutic programs to help patients resume a more functional gait 
and balance.

1. Introduction

n injury resulting from a fall is a potential 
medical complication at all stages after 
stroke [1, 2]. In addition to physical inju-
ries, falls may be associated with psycho-
logical consequences known as a fear of 

falling (FoF) [3]. FoF can seriously limit activities and 
mobility by diminishing the sense of well-being and 
reducing social interactions [4]. Previous literature indi-
cated that FoF could be helpful as a disability predictor 
among older adults [5].

The FoF influences gait and balance in elderly people 
even in the absence of fall history [6]. Chamberlin et al. 
reported that decreased stride length, decreased gait ve-
locity, and increased time of double support phase were 
related to FoF in older adults and, thus, reflect stabiliz-
ing adaptations related to FoF [4]. Allali et al. indicated 
that FoF was a specific fall predictor in older adults with 
postural instability and gait difficulty [7]. A limited num-
ber of studies have investigated the relationship between 
FoF and various features of gait and balance after stroke. 
A recent study by Schinkel-Ivy et al. found no significant 
difference in gait and balance measures between fear and 
no fear of falling groups [8]. The lack of findings in their 
study may be related to the FoF evaluation method [9]. 
Therefore, in the current study, we decided to determine 
the level of FoF, using Falls Efficacy Scale-International 
(FES-I), which evaluates the FoF severity in various 
physical and social activities [10].

Since many physical impairments may contribute to in-
creased balance and gait asymmetry after stroke [11-13], 
we assumed that these impairments, sensed by individu-
als with asymmetry, may lead to FoF. On the other hand, 
individuals with a high FoF may increase the muscular 
activity of the non-affected leg or reduce the time spent 
standing on the affected leg in response to this fear, and 
these personal adjustments may lead to imbalance and 
gait asymmetry. Therefore, the hypothesis of this study 

states that individuals without FoF compared to those 
with different levels of FoF would represent greater 
asymmetry for gait and standing balance measures. 
Furthermore, increased FoF levels were expected to be 
related to the increased asymmetry of gait and balance 
measures.

The current study aimed at comparing the gait asym-
metry and standing balance measures between individu-
als with stroke relative to their level of FoF. This study 
also determined the relationships between the level of 
FoF and asymmetry of gait and standing balance mea-
sures in participants with FoF.

2. Methods

Participants

In this observational cross-sectional study, based on 
convenience sampling, 76 persons with chronic stroke 
were recruited from the rehabilitation clinic at the 
Quaem Hospital, Mashhad, Iran, between June 2011 
and December 2013. Volunteers were screened by a 
physician based on the inclusion and exclusion crite-
ria. Stroke diagnosis was determined according to the 
World Health Organization (WHO) definition [14]. 
The inclusion criteria included first stroke experience 
>6 months ago, a Mini-Mental State Examination score 
above 24 [15], and an ability to walk at least 10 meters 
without assistive devices. The exclusion criteria includ-
ed instability in medical conditions, cognitive problems 
or severe aphasia, and a history of psychiatric illness. 

The ankle plantar flexors spasticity of the paretic lower 
limb was assessed, using the Modified Ashworth Scale. 
The grades range between 0 and 5, with 0 indicating nor-
mal muscle tone and 5 demonstrating a fixed contracture 
[16]. The Modified Ashworth Scale grades were ≤2 in 
all participants. The level of motor impairments of the 
paretic lower limb was assessed with the Fugl-Meyer 
Assessment [17]. This assessment is valid and reliable 
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in stroke survivors [17]. The Fugl-Meyer Assessment 
scores were more than 18 in all participants. 

All participants were divided into 3 groups based on 
the level of FoF that was measured by the FES-I; par-
ticipants without FoF (n=31), with a low FoF (n=25), 
and with a high FoF (n=20). A priori power analysis 
was used to calculate the required sample size (α=0.05; 
ß=0.8). FES-I was used to evaluate FoF when carrying 
out 16 daily living activities, including various social 
activities [10, 18]. The FoF score for each activity was 
determined, using a 4-point scale. The total range was 
between 16 and 64. The reliability and validity of FES-I 
are established in persons with stroke [18]. A score of 
16 indicates no FoF. Based on the previous literature, a 
score of 23 was set as the cut-off point for the distribu-
tion of participants to low and high FoF groups [10]. In-
dividuals with scores >23 were assigned to the high FoF 
group, and those with scores ≤23 were assigned to the 
low FoF group.

Gait and balance assessment

Standing balance measures were obtained, using two 
force plates placed side by side (<1 mm of separation). The 
participants stood with open eyes and their arms at sides in 
a standardized position (feet were placed at 14 degrees and 
17 cm between the heels) [19] for the duration of the trials 
(6 trials were recorded and the duration of each trial was 
30 s). The distance of each foot from the midline between 
both plates was the same. For safety, the participants re-
mained in a harness with two straps attached to the ceiling. 
Force-plate data were sampled at 200 Hz and, then, filtered 
via a second-order 10 Hz low-pass Butterworth filter. Cen-
ter of pressure (CoP) velocity in both Anterior-Posterior 
(AP) and medial-lateral (ML) directions were determined 
for each force-plate. The root means square of CoP veloci-
ties in both directions was determined for standing trials. 
The Asymmetry Index was used to determine the asym-
metry of standing balance measures [20]. 

Asymmetry Index=Non-paretic limb value/ (paretic 
limb value+non-paretic limb value). This index ranges 
between 0 and 1. An index of 0.5 demonstrated perfect 
symmetry. If the Asymmetry Index is more than 0.5, the 
value of that variable is greater for the non-affected leg 
compared to that of the affected leg [20].

A simple video-based portable tool for gait analysis 
was used to define the gait asymmetry measures. Previ-
ous studies have indicated the validity and reliability of 
this system [21, 22]. A single conventional camera with 
a sampling frequency of 60 Hz was placed perpendicular 

to the central part, and 4 meters from the walkway with 
a length of 10 meters. The participants started walking 5 
to 6 steps before reaching the central 2 m of the walkway 
and 5 to 6 steps after passing the central 2 m of the walk-
way to get the constant speed and avoid the effects of 
acceleration and deceleration. The participants were in-
structed to perform walking trials at their preferred speed 
until 12 steps were collected (4-6 walking trials and 2-3 
steps in each trial). 

Adhesive reflective markers (with a diameter of 25 
mm) were attached to the heel and toe regions. A soft-
ware program written in MATLAB R2006a (Natick, 
MA) determined the values for step length and swing, 
as well as the stance time of both legs. Heel strike was 
defined as occurring when the toe marker was within 1 
cm of its height as measured during standing, and toe-
off was also defined as occurring when the heel marker 
exceeded 1 cm of its height as measured during standing. 
To define the step length, the 2-dimensional coordinates 
of heel markers were obtained in the initial foot contact 
frames in each step and, then, the distance between the 
two markers was determined. Spatiotemporal asymme-
try was determined as the ratio of right and left values 
with the greater value in the numerator (regardless of the 
paretic side) [23]. The value of 1.0 demonstrates perfect 
symmetry. The asymmetry direction was also defined 
relative to the lower limb, which represented the larger 
spatiotemporal value [23]. However, the direction of the 
asymmetry was not statistically analyzed [23].

Statistical analysis

Demographics and stroke characteristics were de-
scribed with descriptive statistics. The Shapiro-Wilk test 
was used to determine the normality of data. The differ-
ences in balance and gait parameters among the groups 
were defined, using a multivariate analysis of variance 
with Bonferroni correction included with the post hoc 
test. A 95% Confidence Interval (CI) was taken for the 
difference of each balance and gait measure among the 
three groups. In participants with FoF, the relationships 
between the level of FoF (FES-I scores) and balance and 
gait asymmetry measures were determined, using the 
Pearson correlation coefficients and 95% CI were calcu-
lated for each r value. The SPSS (Chicago, IL) v. 19 was 
used to perform the statistical analysis. The alpha level 
was set at P<0.05.

3. Results

Table 1 presents the demographics and stroke char-
acteristics of the participants. No significant difference 
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was identified in demographic and stroke-related param-
eters among the three groups. All measures had a nor-
mal distribution and all variances were homogeneous. A 
significant difference was observed in swing time and 
step length asymmetry ratios between the participants 

without FoF and participants with a high FoF. Individ-
uals with a high FoF had a significantly higher swing 
and step asymmetry than the individuals without FoF 
(P<0.021, CI: -0.112 to -0.011; P<0.007, CI: -0.092 to 
-0.027, respectively). Individuals with a high FoF also 

Table 1. General characteristics of the study population

Variables
Mean±SD/No.

Without FoF (n=31) Low FoF (n=25) High FoF (n=20) P*

Age (y) 58.19±10.57 57.38±9.31 55.9±7.47 0.69

Sex (male/ female) 20/11 10/15 5/15 0.65

Weight (kg) 70.16±9.89 71.18±8.42 67.47±6.37 0.71

Height (cm) 167.93±6.42 168.23±5.79 165.59±5 0.8

Time since stroke (months) 17.67±3.96 18.19±3.33 16.01±3.51 0.35

Hemiparetic side, right/left 17/14 13/12 11/9 0.83

Stroke type (ischemic, hemorrhagic) 25/6 21/4 18/2 0.77

Modified Ashworth Scale (score/number) 0.7; 1.10; 1+0.8; 2.6 0.5; 1.8; 1+0.7; 2.5 0.4; 1.6; 1+0.8, 2.2 0.63

Motor impairment 26.19±4.09 25.68±4.3 23.9±3.37 0.08

Values are the number for sex, hemiparetic side, stroke type, and also Mean±SD for age, weight, time since stroke, height, and motor 
impairment.

*The difference among the three groups was determined, using multivariate analysis of variance or Kruskal-Wallis test.

Table 2. Comparisons of outcomes of participants in three groups

Gait and Balance Variables

Mean±SD/No. P

No FoF 
(n=31)

Low FoF 
(n=25)

High FoF 
(n=20) No-high No-low High-low

Swing asymmetry ratio 1.32±0.16 1.4±0.2 1.47±0.24 0.021* 0.464 0.634

Swing asymmetry direction
(paretic/non-paretic) 31/0 25/0 20/0 - - -

Stance asymmetry ratio 1.2±0.1 1.21±0.11 1.23±0.13 0.821 0.913 0.831

Stance asymmetry directio
n (paretic/non-paretic) 0/31 0/25 0/20 - - -

Step asymmetry ratio 1.26±0.13 1.29±0.12 1.38±0.13 0.007* 0.941 0.085

Step asymmetry direction
(paretic/non-paretic) 18/11 15/10 12/8 - - -

AP CoP asymmetry ratio 0.599±0.04 0.602±0.03 0.631±0.06 0.033* 0.924 0.086

ML CoP asymmetry ratio 0.614±0.03 0.613±0.04 0.605±0.04 0.801 0.901 0.821

* Variables for the participants without FoF (n=31) are significantly different from those with a high FoF (n=20).
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had a significantly higher AP CoP asymmetry than the 
individuals without FoF (P<0.033, CI: -0.045 to -0.026). 
No significant difference was identified in the stance 
asymmetry and ML CoP asymmetry ratios between the 
two groups (P<0.821, CI: 0.091 to -0.015; P<0.801, CI:-
0.135 to 0.033, respectively) (Table 2).

No significant differences were identified in stance and 
swing time and step length asymmetry ratios between 
the participants without FoF and participants with a low 
FoF (P<0.913, CI: -0.081 to 0.075; P<0.464, CI: -0.212 
to 0.054; P<0.941, CI: -0.123 to 0.067, respectively). 
AP CoP and ML CoP asymmetry ratios were not signifi-
cantly different between the two groups (P<0.924, CI: 
-0.036 to 0.026; P<0.901, CI: -0.029 to 0.045, respec-
tively) (Table 2).

No significant differences were observed in stance and 
swing time and step length asymmetry ratios between 

the participants with low and high FoF (P<0.831, CI: 
0.141 to -0.062; P<0.634, CI: -0.221 to 0.075; P<0.085, 
CI: -0.008 to 0.183, respectively). AP CoP and ML CoP 
asymmetry ratios were not significantly different be-
tween the two groups (P<0.086, CI: -0.065 to 0.003; 
P<0.821, CI: -0.027 to 0.034, respectively) (Table 2).

In individuals with FoF, the level of FoF was related to 
swing time and step length asymmetry ratios. Increased 
FoF levels were related to increased swing time asymme-
try (r=0.65, P<0.001, CI: 0.511 to 0.814) (Figure 1) and 
step length asymmetry (r=0.45, P<0.002, CI: 0.166 to 
0.591) (Figure 2). Increased FoF levels were also related 
to increased AP CoP asymmetry (r=0.44, P<0.003, CI: 
0.283 to 0.654) (Figure 3). No significant association was 
identified between FES-I scores and the stance asymme-
try and ML CoP asymmetry ratios (r=0.11, P<0.452, CI: 
-0.247 to 0.392; r=0.04, P<0.716, CI: -0.364 to 0.295).1 
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Figure 1. A significant positive relationship was observed between Falls Efficacy Scale-International and swing time asym-
metry ratio (r=0.65, P<0.001) (n=45)
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Figure 2. A significant positive relationship was observed between Falls Efficacy Scale-International and step length asym-
metry ratio (r=0.45, P<0.002) (n=45).
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4. Discussion

Individuals with a high FoF exhibited greater swing time, 
step length, and AP CoP asymmetry compared to those 
without FoF. Besides, in participants with FoF, increased 
FoF levels were related to increased swing time, step 
length, and AP CoP asymmetry. Contrary to the results of 
the present study, a study by Schinkel-Ivy et al. in persons 
with stroke reported no significant difference in gait and 
balance measures between fear and no fear of falling groups 
[8]. The differences between the results of these studies are 
because of the FoF evaluation method [9]. They assessed 
FoF, using a single question: are you afraid of falling? (Yes 
or No). Therefore, their study could not determine gait and 
balance measures in the degree of FoF [9]. However, in the 
current study, FoF was assessed, using a full questionnaire 
(FES-I) that evaluates FoF in the context of various physi-
cal and social activities [10] and provides more consistency 
information on the level of FoF [9].

Of the 3 spatiotemporal measures of gait asymmetry, 
swing time and step length asymmetry were different be-
tween the participants without FoF and those with a high 
FoF. The swing time of the non-paretic leg coincides with 
the single-limb stance time of the paretic leg, which may 
provide a significant challenge to the paretic leg. Individ-
uals with a high FoF may decrease the single stance time 
of the paretic leg to reduce the challenge to it and decrease 
the risk of the loss of balance during walking, which may 
lead to a pronounced increase of swing time asymmetry. 
Step length asymmetry in individuals with a history of 
stroke is related to the weakness of the affected leg [24].

It is possible that a psychological factor, such as FoF, 
reinforces these compensatory strategies leading to in-
creased step length asymmetry given that these strate-

gies may be adopted to increase stability. In the same 
vein, shorter stride length and increased stride width 
were related to FoF in community-dwelling adults [4]. 
It should be noted that stance time asymmetry was not 
different among the three groups possibly because two 
double-support phases of stance time provide sufficient 
stability during walking.

During standing, AP CoP asymmetry was also greater 
in participants with a high FoF compared to those with-
out FoF. In other words, the non-paretic leg had a more 
increased contribution to AP balance control during 
quiet standing in participants with a high FoF. A previ-
ous study by Maki et al. also indicated decreased CoP 
amplitude in older adults without FoF than those with 
FoF [25]. They discussed the changes in the muscle tone 
concerning anxiety, an increase in the voluntary move-
ment, and changes in the concentration of attention as 
the possible contributing factors to these findings. All of 
these factors are also considered a possible explanation 
for the increased contribution of the non-paretic leg to 
balance control in high FoF individuals with stroke.

Correlational analyses indicated 3 significant associa-
tions between the FES-I scores and changes in balance 
and gait asymmetry ratios. While the causal relationship 
between FES-I scores and balance and gait asymmetry 
cannot be determined from the current study, these find-
ings reinforce the influence of FoF in stroke survivors. 
Hence, there may be a need for treatments to decrease 
FoF in people after a stroke. It is also useful that thera-
pists assess FoF during the evaluation of balance and 
gait in individuals with stroke.

There were some limitations to this study. Firstly, the 
cause and effect relationships could not be assumed be-
cause this study was cross-sectional. Secondly, as all 
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participants could perform standing and walking trials 
without assistive devices, the study sample was likely 
representative of relatively high functioning individu-
als. This might limit the ability to generalize the current 
results. Thirdly, it is important to remember that several 
different physical impairments, including weakness, loss 
of flexibility, asymmetrical muscular tone, and sensory or 
cognitive deficits may influence balance and gait asym-
metry in individuals with a history of chronic stroke [12, 
13]. Unfortunately, we did not measure these potential 
confounding factors in this study; this issue should be 
considered in future work.

Despite these limitations, this study was the first re-
search, which provided quantitative evidence establish-
ing balance and gait measures as the important targets 
for treatment in stroke population relative to the level 
of FoF. The current study is useful for developing the 
appropriate interventions in stroke survivors. Based on 
the current results, it is also useful for clinicians to con-
sider FoF a part of gait and balance evaluations in stroke 
survivors. Further investigations are also needed to ex-
amine whether decreased FoF leads to improvement in 
gait and balance measures in the stroke population. Most 
of the participants of this study were also asymmetric in 
gait and balance measures, suggesting that future work 
should look at comparing FoF among chronic stroke in-
dividuals with symmetric and asymmetric gait and bal-
ance. Finally, future studies should consider the effect of 
potential confounders in the relationship between FoF 
and gait and balance measures.

5. Conclusion

Individuals with stroke with a high FoF exhibited 
greater gait and balance asymmetry compared to those 
without FoF. These results suggest that FoF might be 
considered when planning an intervention for improving 
balance and gait symmetry.
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