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Objective To evaluate characteristics of the postural instability in patients with stroke and to present a prediction
model of post-stroke falls.

Methods Patients with a first-ever stroke who had been evaluated by the Balance Master (BM) at post-stroke
3 months (1 month) between August 2011 and December 2015 were enrolled. Parameters for the postural
instability, such as the weight bearing asymmetry (WBA) and postural sway velocity (PSV), were obtained. The fall
events in daily lives were assessed via structured telephone interview with a fall related questionnaire.

Results A total of 71 patients (45 men; 45 with ischemic stroke) were enrolled in this study. All subjects underwent
BM evaluation at 3.03+£0.40 months after stroke. The mean WBA was 17.18%+13.10% and mean PSV (measured as °/s)
were noted as 0.66+0.37 (eyes-open on firm surface), 0.89£0.75 (eyes-closed on firm surface), 1.45+1.09 (eyes-open
on soft surface), and 3.10+1.76 (eyes-closed on soft surface). A prediction model of post-stroke falls was drawn by
multiple logistic regression analysis as follows: Risk of post-stroke falls = -2.848 + 1.878 x (PSV,c¢) + 0.154 x (age=1
if age>65; age=0 if age<65).

Conclusion The weight bearing asymmetry and postural sway were significantly increased in patients with stroke.
Older age and impaired postural control increased the risk of post-stroke falls.
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INTRODUCTION

motor consequences of stroke, impaired postural con-
trol, which results in postural instability, has a significant

Stroke is one of the major causes of permanent dis-
ability [1]. A majority of stroke survivors suffer from a
combination of sensory, motor, cognitive and emotional
impairments, thus restricting their capacity to perform
activities of daily living (ADL) [2]. Of all possible sensori-

impact on gait and independence in ADL [3-6]. Postural
instability is defined as the inability to control the center
of mass of one’s body within a given base of support [7,8].
The ultimate consequence of postural instability is fall-
ing [9]. Falls are very common among people who have
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experienced stroke with an incidence of 50% to 70% [10].
Post-stroke falls lead to severe health complications such
as hip fractures, and fear of falling discourages physical
activity and social participation [11]. Therefore, fall is
an important clinical concern in individuals with stroke
both during rehabilitation and thereafter [12-14].

Various measures have been adopted to assess the post-
stroke postural instability, such as the Berg Balance Scale
(BBS) [15,16], the weight-bearing asymmetry (WBA) [17],
the force and timing asymmetry [18], the spatio-temporal
and kinematic asymmetry ratio [19], electromyography
[20], and the postural sway at standing [21,22]. Of these,
the WBA and postural sway velocity (PSV) are considered
easy-to-use to assess the post-stroke postural instabil-
ity quantitatively [9]. The WBA is defined as a function
of body weight, expressed as the loading ratio between
the affected and unaffected leg [23]. The assessment of
postural sway is largely classified into two categories: the
PSV [21,22] and postural sway amplitude (PSA) [24-26].
The PSV is more reliable and sensitive than the PSA
[9,27,28]. The WBA is the static characteristic of stand-
ing balance related to the body position, and PSV is the
dynamic characteristic of standing balance related to
the body movement [29]. The WBA having more weight
on the non-paretic leg and increased PSV, are character-
istics of the upright stance in patients with post-stroke
hemiplegia [24,30]. Although WBA significantly improves
within the first 4 weeks of rehabilitation therapy, some
degree of asymmetry persists [29,31]. Also, although the
PSV decreases during the first 12 weeks of rehabilitation,
it remains higher than the reference value [29].

We aimed to show the characteristics of postural insta-
bility and to predict post-stroke falls by quantitative bal-
ance parameters.

MATERIALS AND METHODS

Subjects

Patients who were admitted for rehabilitation therapy
following a first-ever stroke in the Boramae Medical
Center between August 2011 and December 2015 were
screened. Inclusion criteria were a patient (1) who was
>19 years old, (2) who could stand without any aid or
manual contact for at least 30 seconds, and (3) who was
evaluated by the Balance Master (BM) system (NeuroCom
International Inc., Clackamas, OR, USA) at post-stroke 3
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months (+1 month). Exclusion criteria included a patient
(1) whose muscle strength of the hip and knee extensors
in the affected side was less than 3 (as Medical Research
Council manual muscle testing grading), (2) with other
disorders which could affect sensorimotor functions,
such as Parkinson’s disease, multiple sclerosis, lumbosa-
cral radiculopathy, peripheral neuropathy, musculoskel-
etal problems involving the lower extremity, and visual or
vestibular dysfunction, (3) whose Functional Ambulation
Categories (FAC) was lower than 4, (4) with visuospatial
hemineglect, anosognosia, apraxia, or aphasia disabling
the relevant assessment, (5) whose Korean-Mini Mental
State Examination (K-MMSE) score was lower than 27, (6)
with psychiatric problems, and (7) with any history of fall
within 1 year prior to stroke.

Retrieval of clinical information

All demographic and stroke-related data were obtained,
including age, sex, duration after stroke, type of stroke
(ischemic or hemorrhagic), location of lesion (supraten-
torial or infratentorial), muscle strength of bilateral hip
and knee extensors, and the presence of ataxia. Score of
Fugl-Meyer Assessment (FMA) of the affected lower ex-
tremity, BBS, and Korean version of Modified Barthel In-
dex (K-MBI) were also retrieved. All clinical evaluationas
were performed on the same day as the BM test.

Quantitative evaluation of postural instability

The BM system measured the WBA and the PSV. The
BM test verifies the dynamics of postural instability by
sensing loaded gravity force via the dual-force platform
placed under bilateral feet. It includes a set of quanti-
tative measurement protocols: weight-bearing squat
(WBS), modified clinical test of sensory interaction on
balance (mCTSIB), unilateral stance, limits of stability,
rhythmic weight shift, sit to stand, tandem walk, step/
quick turn, step up/over, and forward lunge. It has little
inter-rater variability, and is known as valid and reliable
in individuals with stroke [32,33].

Among the subdomain of the BM test, the results of
WBS and mCTSIB were selected to analyze the WBA and
the PSV. For WBS test, subjects were instructed to bear
weight on both feet as even as possible, while standing
erect with extended knees. The WBA was formulated as
follows:
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WBA (%) =
(weight on the unaffected side-weight on the affected side)
(total weight)
x100

with values ranging from 0 (symmetric weight-bearing on
both sides) to 100 (weight-bearing only on the unaffected
side).

The mCTSIB test quantifies postural control under
various sensory conditions. The support surface (firm
or foam) and the visual input (eyes open or eyes closed)
are selected to alter the level of somatosensory demand
or visual compensation [26], simulating various condi-
tions which the patients frequently encounter in daily
activities. The mCTSIB test is known to have excellent
intra-rater reliability in stroke patients [34]. The mCTSIB
protocol consists of three 30-second trials for each of the
4 test conditions, and each test is terminated when a sub-
ject moves his feet. The result of mCTSIB is presented as
the mean of center of gravity (COG) sway velocity under
each condition, which is the ratio of the COG sway angle
(expressed in degrees) to the time of the trial (expressed
in seconds). The mean COG sway velocity was calculated
and designated as the PSV.

Fall-related assessment

At 12.47+7.29 months after stroke, information about
balance-related function and falls in daily lives were ob-
tained via structured telephone interviews using a fall-
related questionnaire. The questionnaire covered FAC,
number of falls or near-falls within recent one month,
fear of fall, mode of transfer, and type of residence. Falls
were defined as events resulting in a person coming to
rest accidentally or inadvertently on the ground, and
near-falls were defined as situations in which a person
anticipates a fall is imminent, but avoids it by a compen-
satory movement. Only falls or near-falls which occurred
in the fully awakened state were counted. If a subject had
at least one event of fall or near-fall, the subject was clas-
sified as the faller group.

Study conduct and ethical standard

This study was approved by the Institutional Review
Board of Boramae Medical Center, was conducted ac-
cording to the declaration of Helsinki, and followed the
Good Clinical Practice guidelines.

Statistical analysis

Statistical analysis was done by the SPSS ver. 20.0 (IBM,
Armonk, NY, USA). The Shapiro-Wilk normality test was
performed for ensuring the normality of data distribu-
tion such as age, interval between onset of stroke and
the BM evaluation, interval between onset of stroke and
telephone interview, the WBA, and PSV. To compare
the variables between groups (supratentorial versus in-
fratentorial lesion and fallers versus non-fallers) for the
univariable analysis, we used the Student t-test for age,
interval between onset of stroke and the BM evaluation,
interval between onset of stroke and telephone interview,
and the WBA; Fisher exact test for sex; and Wilcoxon rank
sum test for BBS, K-MBI, FMA, K-MMSE, and the PSV. To
find out the predictors of post-stroke falls, the multivari-
able logistic regression with backward elimination was
applied by using the package ‘MASS’ of R software ver.
3.3.1 (http://www.r-project.org).

For the prediction ability of variables for post-stroke
falls, the receiver operating characteristics (ROC) curve
was drawn, and the area under the curve (AUC) was cal-
culated using the package ‘pROC’ in the R program with
2000 stratified bootstrap replicates [35]. The cut-off value
was calculated based on the Youden index:

J=max[sensitivity+specificity-1]

For all tests, the statistical significance was set at
p<0.05.

RESULTS

Demographics

A total of 231 patients with a first-ever stroke were
screened. Among them, 71 patients (45 men and 26 wom-
en; 45 with ischemic stroke and 26 with hemorrhagic
stroke) were included in this study (Table 1). The mean
age at the BM test was 59.15+13.27 years (range, 25-82
years). Only one patient with an infratentorial lesion had
clinically evident ataxia.

Characteristics of post-stroke balance dysfunction

The BM test was performed 3.03+0.40 months (range,
2.00-3.83 months) after stroke. The mean WBA was
17.18%+13.10% (range, 0.0%-52.0%). The PSVs in their re-
spective test conditions (presented as °/s) were 0.66+0.37
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Table 1. Demographics and the results of the Balance
Master evaluation

Parameter Value

Age at stroke onset (yr) 59.15+13.27 (25-82)
Sex

Male 45

Female 26
Stroke type

Ischemic 45

Hemorrhagic 26
Lesion site

Supratentorial 54

Infratentorial 16

Interval between stroke
onset and Balance Master
evaluation (mo)

3.03+0.40 (2.00-3.83)

Number of patients with ataxia 1
Results of Balance Master test
Weight bearing asymmetry (%) 17.18+13.10 (0-52.0)
Postural sway velocity (°/s)
0.6620.37 (0.2-2.1)
0.89+0.75 (0.3-6.0)
1.45+1.09 (0.5-6.0)
3.101.76 (1.1-6.0)

Values are presented as meantstandard deviation or
number.
“The patient had infratentorial infarction.

Eyes open on firm surface
Eyes closed on firm surface
Eyes open on soft surface
Eyes closed on soft surface

(range, 0.2-2.1) of eyes-open on firm surface (PSVyqgg);
0.89+0.75 (range, 0.3-6.0) of eyes-closed on firm surface
(PSVycrs); 1.45%1.09 (range, 0.5-6.0) of eyes-open on soft
surface (PSV;q); and 3.10+1.76 (range, 1.1-6.0) of eyes-
closed on soft surface (PSVy) (Table 1). The lesion loca-
tion (supratentorial or infratentorial) did not affect the
BBS, nor the WBA and PSV (Table 2).

Among subjects, 53 patients completed the telephone
interview. The mean interval between the onset of stroke
and telephone interview was 12.47+7.29 months (range,
3.63-29.10 months). The information of two subjects who
had a second stroke before the telephone interview were
excluded from the analysis. Mean age was 59.80+14.20
years, and mean value of FAC was 4.96+1.31 at the time of
the telephone interview.

Fallers versus non-fallers

Twelve subjects (23.5%) reported falls within recent
one month (Table 3). Fallers were significantly older
than non-fallers (fallers, 67.50+11.65 years; non-fallers,
57.44+14.20 years; p=0.029) and had significantly lower
K-MBI at post-stroke 3 months (fallers, 77.50+14.23; non-
fallers, 86.56+13.68; p=0.034) (Table 3). However, there
was no significant difference between fallers and non-
fallers in the FMA score of the affected lower extremity,
the BBS, and the K-MMSE score.

Although the WBA was similar between fallers and

Table 2. Postural instability according to the lesion site of stroke

Supratentorial Infratentorial
(n=54) (n=16) DG
Age at the Balance Master test (yr) 57.74+13.87 64.69+9.60 0.97
Sex 0.18
Male 37 8
Female 17 8
Interval between stroke onset and Balance Master evaluation (mo) 2.99+0.42 3.11+0.35 0.86
Berg Balance Scale 45.3319.69 45.00+7.84 0.77
Results of Balance Master test
Weight bearing asymmetry (%) 16.74+12.73 19.25+14.73 0.57
Postural sway velocity (°/s)
Eyes open on firm surface 0.64+0.31 0.79+0.51 0.40
Eyes closed on firm surface 0.90+0.82 0.87+0.48 0.67
Eyes open on soft surface 1.37£1.03 1.89£1.30 0.18
Eyes closed on soft surface 3.05+1.76 3.42+1.89 0.44

Values are presented as meantstandard deviation or number.
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Table 3. Comparison of postural instability between non-fallers and fallers

Non-fallers (n=39) Fallers (n=12) p-value
Age (yr) 57.44+14.20 67.50+11.65 0.03*
Sex 0.10
Male 27 5
Female 12 7
Interval between onset of stroke and telephone interview (mo) 12.76+7.07 11.53+8.23 0.65
Korean-Modified Barthel Index 86.56+13.68 77.50£14.23 0.03*
Fugl-Meyer Assessment” 29.67+7.01 28.42+7.43 0.39
Berg Balance Scale 45.68+10.00 43.45%6.49 0.12
Korean Mini-Mental State Examination 27.45+4.11 26.71+4.31 0.56
Results of Balance Master test
Weight bearing asymmetry (%) 16.62+11.84 16.33+15.58 0.44
Postural sway velocity (°/s)
Eyes open on firm surface 0.59+0.34 0.72+0.22 0.04*
Eyes closed on firm surface 0.71+0.32 0.83+0.26 0.08
Eyes open on soft surface 1.35+1.09 2.06£1.33 0.02*
Eyes closed on soft surface 2.76£1.60 4.98+1.68 0.002**
Functional Ambulation Category” 5.26+1.21 4.00£1.21 <0.001***
Values are presented as meantstandard deviation or number.
“Score in the lower extremity of the affected side, Pat the time of telephone interview.
*p<0.05, **p<0.01, ***p<0.001.
Table 4. Results of multivariable logistic regression analysis for prediction of post-stroke falls
B e sig. exp(B) 95% CI for exp(B)
Lower Upper
Age (265 yr) -1.871 3.819 0.051 0.154 0.024 1.006
Postural sway velocity with eyes-closed 0.630 6.137 0.013* 1.878 1.141 3.092
on soft surface
Constant -2.848 5.445 0.020 0.058

CI, confidence interval.
Nagelkerke R*=0.454.

non-fallers, there were significant differences in the PSVs
as follows: 0.72+0.22 (fallers), 0.59+0.34 (non-fallers),
p=0.044 in PSV ;g 2.06+1.33 (fallers), 1.35+1.09 (non-
fallers), p=0.023 in PSVy; and 4.98+1.68 (fallers), 2.76+
1.60 (non-fallers), p=0.002 in PSV;. (Table 3). Non-
fallers had a significantly higher FAC (5.26+1.21, p<0.001)
at the time of telephone interview, as compared to fallers
(4.00+1.21).

Predictors of post-stroke falls
Multivariable logistic regression analysis was per-
formed by backward elimination with age at the onset of

stroke (=65 or <65 years), score of the K-MBI, the PSV;,
the PSVg, and the PSV. A prediction model of post-
stroke falls was drawn with age at onset and the PSV
(Nagelkerke R°=0.454, p=0.013) (Table 4). The equation
arrived at was as follows:

Risk of post-stroke falls=-2.848+1.878 x (PSVygs)+
0.154 x (age=1, if age>65; age=0, if age<65).

The ROC curve using the PSV,. was also obtained
(Fig. 1). The cut-off value of the PSV was 5.30°/s, with
a sensitivity of 70.0% (confidence interval, 40-100) and
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specificity of 85.3% (confidence interval, 73.53-97.06),
and the AUC was 0.822.

DISCUSSION

Few trials have aimed to predict post-stroke falls. A ret-
rospective case-control study showed that near-falls in
hospital and upper limb function at the time of discharge
could predict post-stroke falls in the first 12 months fol-
lowing discharge to the community [36]. Another study
implemented a prediction model for post-stroke falls
using the value of FAC, use of walking aid, time for star
cancellation task, and grip strength [37]. A prospective
observational study suggested that a history of falling in
hospital or during rehabilitation therapy combined with
poor balance (BBS or step test score) predicted the recur-
rent post-stroke falls [10]. However, all these studies used
qualitative traits of postural instability.

There have been very few studies which investigated
the correlation between results of the quantitative bal-
ance assessment and post-stroke falls [24,38]. In a retro-
spective case-control study that analyzed patients with
a mean post-stroke duration of about 12 weeks, the fre-
quency of fall correlated with the postural sway, but not
with the WBA [24]. However, there was considerable het-
erogeneity of post-stroke duration (3-27 weeks). Another
prospective study demonstrated that the postural sway
predicted falls, but subjects of this study were healthy

100 1
80
;\? 5.3°/s (85.3%, 70.0%)
< 60 A
=
2 AUC: 82.2%
S 40
[0
(%]
20
0 -
100 80 60 40 20 0
Specificity (%)

Fig. 1. The receiver operating characteristics curve of
postural sway velocity for post-stroke falls, under condi-
tion of eyes closed on soft surface. The cut-off value was
5.30°/s, with a sensitivity of 70.0% and a specificity of
85.3%. The area under the curve (AUC) was 0.822.
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community-dwellers [39]. To date, no study has investi-
gated the prediction model of post-stroke falls using the
quantitative parameters.

In this study, we demonstrated the static and dynamic
characteristics of standing balance of individuals with
stroke. The WBA in this study was similar to the value
reported in a previous study of stroke patients [21]. The
WBA was significantly greater compared to the norma-
tive value of the respective age groups: -0.6+3.1 (20-39
years), -1.4+3.1 (40-59 years), -1.3+3.6 (60-69 years), and
-1.244.3 (70-79 years) (all p<0.001, all the values are pre-
sented in ‘Clinical Operation Guide’ by NeuroCom Inter-
national Inc.). The PSV in the respective four conditions
were also significantly greater than the normative values
of healthy individuals, for the respective age groups
20-39, 40-59, 60-69, and 70-79 years; PSVyqs 0.26+0.07,
0.27+0.12, 0.28+0.12, and 0.37+0.18; PSV,s 0.2940.10,
0.33+0.13, 0.31+0.11, and 0.41+0.14; PSV,os 0.5310.13,
0.63+0.17, 0.69%0.15, and 0.84%0.16; PSV;c¢s 1.27£0.39,
1.61+0.45, 1.60+0.52, and 2.05+0.64 (all p<0.001, all the
values are presented in ‘Clinical Operation Guide’ by
NeuroCom International Inc.).

No significant difference was observed in the static and
dynamic characteristics of standing balance between
patients with supratentorial stroke and those with in-
fratentorial stroke. This may be attributed to the fact that
only one patient with infratentorial stroke had clinically
significant ataxia in our group.

There was no significant difference in the WBA between
fallers and non-fallers, which is similar to the results of a
previous study, which demonstrated no significant corre-
lation between the WBA and the frequency of fall events
[24]. However, there was a significant difference in the
PSV between fallers and non-fallers. As the difference
was more significant in the condition of soft surface than
on firm surface, compensation using somatosensory
information is assumed to contribute more for prevent-
ing falls than compensation using visual information. In
particular, the PSV;¢ was selected as the only significant
predictor for post-stroke falls, except for age, by the mul-
tiple logistic regression analysis. This result implies that
both the visual and proprioceptive compensation are im-
portant for preventing post-stroke falls.

There are several limitations of this study. The amount
and intensity of the rehabilitation therapy that subjects
received after the BM evaluation was not controlled.
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However, as the balance function tends to change little
after post-stroke 3 months, the rehabilitation therapy was
expected to have a limited effect on the balance function.
This study included a telephone interview, which is often
liable to the recall bias. To minimize the recall bias, sub-
jects were asked fall events that had occurred only within
the recent one month prior to the interview. Also, it is
hard to say that the subjects represent the stroke popula-
tion, since the subject could stand without any gait aid or
manual contact for at least 30 seconds, and such subjects
are usually classified as a mild stroke group. The relative-
ly small number of data could have impeded our search
for predictors of post-stroke falls.

In conclusion, we demonstrated the characteristics of
the postural instability in patients with stroke, and sug-
gested that advanced age and impaired postural con-
trol increase the risk of post-stroke falls. Rehabilitation
therapy are suggested to focus on reducing the postural
sway with visual and proprioceptive inputs deprived to
prevent post-stroke falls.
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