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Abstract
Alterations in balance and gait are frequently present in patients with hemiparesis. This study aimed at deter-
mining whether there is a correlation between static and functional balance, gait speed and walking capacity.
To that end, 17 individuals with chronic hemiparesis of both sexes (58.8% men and 42.25 women), mean age
of 56.3 £ 9.73 years, took part in the study. Static balance was assessed by computerized baropodometry, under
two different sensory conditions: eyes open (EO) and eyes closed (EC). Functional balance was evaluated by
Berg Balance Scale and walking ability by the Functional Ambulation Classification. Gait speed was assessed by
kinemetry. The Kolmogorov-Smirnov test was used to verify data distribution normality. Parametric variables
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Resumo

were correlated by Pearson’s test and their non-parametric parameters by Spearman’s test. Functional bal-
ance showed a positive correlation with gait speed (p=0.005; r=0.64) and walking ability (p = 0.019; r = 0.56).
Anteroposterior (AP) and mediolateral (ML) alterations with EO and EC exhibited negative correlations with
gait speed (EO: AP amplitude (p = 0.0049 and r = -0.48); mean ML deviation (p = 0.019 and r =-0.56)/ EC:
mean AP deviation (p = 0.018 and r = -0.56) and mean ML deviation (p = 0.032 and r = -0.52); AP amplitude
(p=0.014 and r = -0.57) and ML amplitude (p = 0.032 and r = -0.52); postural instability (p = 0.019 and r =
-0.55)) and walking ability (EO: mean AP deviation (p = 0.05 and r = -0.47) and AP amplitude (p = 0.024 and
r =-0.54)). The results suggest correlations between static and functional balance and gait speed and walking
ability, and that balance training can be an important component of gait recovery protocols.

Keywords: Balance. Gait. Stroke

Alteragdes no equilibrio e marcha sdo sequelas frequentes em sujeitos com hemiparesia. Este trabalho objetivou ve-
rificar se hd correlagdo entre equilibrio estdtico e funcional, velocidade e capacidade de deambular. Participaram
do estudo 17 sujeitos com hemiparesia crénica, de ambos os sexos (58,8% de homens) com média de idade de
56,349,73 anos. A avaliagdo do equilibrio estdtico foi realizada por baropodometria computadorizada em duas
condigdes sensoriais: olhos abertos (AO) e fechados (OF). O equilibrio funcional foi avaliado pela Escala Equilibrio
de Berg e a capacidade de deambulagdo, pela Categoria de Deambulagdo Funcional. A velocidade da marcha foi
avaliada por meio da Cinemetria. A normalidade dos dados foi verificada pelo teste de Kolmogorov-Smirnov e as
varidveis foram correlacionadas pelos testes de Pearson ou Spearman. O equilibrio funcional apresentou corre-
lagdo positiva com a velocidade (p = 0,005; r = 0,64) e com a capacidade de deambulagdo (p = 0,019; r = 0,56).
As oscilagdes antero-posteriores (AP) e médio-laterais (ML) com OA e OF apresentaram correlagdes negativas
com velocidade da marcha (OA: amplitude AP (p = 0,0049 e r = -0,48); desvio médio ML (p = 0,019 e r =-0,56) /
OF: desvio médio AP (p = 0,018 er =-0,56) e ML (p = 0,032 e r =-0,52); amplitude AP (p = 0,014 er =-0,57) e ML
(p=0,032 er=-0,52); instabilidade postural (p = 0,019 er =-0,55) e com capacidade de deambulagdo (OA: desvio
médio AP (p = 0,05 er =-0,47) e amplitude AP (p = 0,024 e r = -0,54). Os resultados sugerem a existéncia de corre-
lagdes entre o equilibrio estdtico e funcional com a velocidade de marcha e capacidade de deambular, bem como
que o treino do equilibrio pode ser um importante componente para protocolos de recuperagdo da marcha.

Palavras-chave: Equilibrio Postural. Marcha. Acidente Vascular Cerebral.

Introduction

from the paretic limb during the stance phase is diffi-
cult (3), and changes in space-time variables, including

According to the World Health Organization (1),
stroke is caused by vascular alterations in the en-
cephalon that lead to hemiparesis and consequent
changes in balance, motricity and motor functions.

Balance is a complex process that depends on the
integration of visual, vestibular and peripheral ner-
vous systems (2). Moreover, it involves the activation
of central commands and neuromuscular responses,
particularly muscle strength and reaction time (2).
Balance control is required to maintain both static and
dynamic posture, such as locomotion. When individu-
als with hemiparesis are in bipedalism, displacement is
generally observed from the center of pressure toward
the nonparetic limb in order to maintain balance. In
dynamic activities, such as gait, transferring weight

speed, are also observed (4, 5).

Studies have shown that improved standing bal-
ance control is an important determinant of walking
ability during the first year after stroke (6-9), very
likely because the use of compensatory strategies
while standing, such as transferring weight to the
nonparetic limb, is more important for gait recov-
ery than muscle strength in the paretic limb (7-9).
However, little is known about the possible corre-
lations between balance, speed and walking ability
in the chronic phase of stroke. Thus, the aim of the
present study is to determine whether there is a
correlation between static and functional balance,
gait speed and walking ability in chronic hemipa-
retic subjects.
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Methods used

This is a cross-sectional descriptive study (10). The
sample was composed of 23 individuals with chronic
hemiparesis, recruited by convenience at rehabilitation
facilities in Natal, Brazil. The following inclusion crite-
ria were adopted: sequela of hemiparesis caused by a
single unilateral ischemic or hemorrhagic stroke; le-
sion time of more than 6 months; mild spasticity in the
paretic limb, according to the Modified Ashworth Scale
(11); ability to walk on flat surfaces without orthesis or
assistive gait device; and lack of any other neurological
or orthopedic impairment that interfered with gait.
Six individuals who were unable to perform the entire
study protocol were excluded. Thus, the study consisted
of 17 chronic hemiparetic individuals. There were no
sample losses. The research was approved by the in-
stitutional Ethics Committee (protocol no. 266/2008),
and all participants gave their informed consent.

Measuring Instruments

Dynamic functional balance was assessed us-
ing the Berg Balance Scale (BBS). The BBS assesses
functional balance during common activities of daily
living and is considered a suitable and effective as-
sessment of patients with stroke sequelae. Each item
consists of a five-point ordinal scale from zero to four
points, with a score ranging between 0 and 56 points
(12). The ability to perform gait was evaluated by the
Functional Ambulation Classification (FAC), a scale
validated for populations with neurological disorders
that need help from one or more individuals during
gait. Scores range from 0 (non-functional walking)
to 5 (gait independence) points (11, 13).

Static balance was quantified by an Eclipse 3000
computerized baropodometer (Guy-Capron SA,
France), a platform with surfaces measuring 40 x
40 cm. This device allowed stabilometric analysis of
balance, quantifying oscillations from the center of
pressure in the anteroposterior (AP) and mediolat-
eral (ML) direction (14).

Gait speed was obtained by the Qualisys Motion
Capture Systems (Qualisys Medical AB, 411 13
Gothenburg, Sweden) (15), composed of 3 cameras
that captured images at a frequency of 120 Hz. To
track gait, passive markers were placed on the cal-
caneus, lateral malleolus and 5th metatarsal head of
the paretic foot (Figure 1).

Figure 1 - Assessment of gait speed using markers on the
lower paretic limb.

Procedures

First, the functional balance of subjects was as-
sessed by the 14 BBS items. Walking ability was then
evaluated by the FAC.

Static balance was assessed using a baropodome-
ter. The personal data of each volunteer were entered
into the software, including name, age, weight and
height. Next, participants were positioned barefoot
with their feet parallel to each other and their heels
10 cm apart, arms at their sides and eyes fixed on a
point 1 meter away at eye level. Assessments were
performed using two different sensory conditions,
whose order, selected by random draw, was as fol-
lows: bipedal stance with eyes open (EO) and eyes
closed (EC). Three 10-second collections were made
for each sensory condition, with a 3-minute rest peri-
od between conditions. The following variables were
analyzed: displacement from the center of pressure
in the anteroposterior (DCPap) and mediolateral
(DCPml) direction, standard deviation from the cen-
ter of pressure in the anteroposterior (SDCPap) and
mediolateral (SDCPml) direction, as well as postural
instability (PI), represented by the area of oscillation
from the center of presssure (CoP).

Gait speed was obtained by kinemetry, performed
while subjects walked at a comfortable speed over
a distance of 8 m (16-18). A total of 5 repetitions
were made and the 5 best cycles were analyzed. Gait
cycle speed was analyzed using Visual 3D Basic/RT
3.00.25.8 software (C-Motion, Rockville, MD, USA)
(18). To that end, 2 consecutive contacts of the paretic
foot with the floor were needed for each attempt. The
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gait speed of each participant was calculated as the
mean of 5 gait cycles.

Statistical Analysis

Statistical analysis was carried out using the SPSS
(Statistical Package for the Social Sciences) 16.0 pro-
gram. The confidence level was set at 5%. Descriptive
statistics (mean and standard deviation) were ap-
plied to the clinical, demographic and stabilometric
variables. The Kolmogorov-Smirnof test was used to
check the variables for normality. Pearson’s correla-
tion test was applied to determine the association
between static and functional balance and gait speed
when the variables exhibited normal distribution,
and Spearman’s test when they did not.

Results

The sample was composed of 17 individuals with
mean age of 56.3 £ 9.73 years, 58.8% men and 42.2%
women; 58.8% with right and 42.2% with left hemi-
paresis. There was no sample loss. Other clinical and
demographic characteristics are depicted in Table 1.

Assessment of static balance showed that higher
postural oscillations occurred in the eyes closed con-
dition (Table 2). In the open eyes condition, displace-
ment in the anteroposterior (AP) and mediolateral
(ML) direction were similar, albeit with less homo-
geneity in the ML direction (higher mean absolute
deviations). In the EC condition, there was greater
oscillation in the ML direction.

Table 1- Clinical and demographic characteristics of

subjects

Mean = SDS
Age (years) 56.3 = 9.73
Lesion time (months) 31.81 = 21.40
Speed (m/s) 0.54 £ 0.26
FAC 44 +07
BBS 4712 + 8.34
Weight 71.23 = 10.67
Height 1.60 = 0.09

Note: Abbreviations: FAC: Functional Ambulation Classification;
BBS: Berg Balance Scale.

Table 2 - Means (= standard deviation) of stabilometric

variables
Eyes Open Eyes Closed
Condition Condition
DCPap (mm) 3.89 = 1.85 6.17 = 5.79
MDCPap (mm) 0.91 = 0.48 1.31 = 0.88
DCPmI (mm) 3.57 = 1.57 7.31 = 13.34
MDCPmI (mm) 2.69 = 8.14 1.17 = 1.49
AQOC (mm?) 10.67 + 6.26 20.70 £30.25

Note: Abbreviations: DCPap: displacement from the center of pres-
sure in the anteroposterior direction; MDCPap: mean deviation from
the center of pressure in the anteroposterior direction; DCPm: dis-
placement from the center of presssure in the mediolateral direc-
tion; MDCPmI: mean deviation from the center of pressure in the
mediolateral direction; AOC: area of oscillation from the center of
pressure.

Moderate negative correlations were observed be-
tween the FAC and static balance and between speed
and static balance (Table 3). These results indicate
that the greater the postural instability, the lower the
walking ability and gait speed. In the eyes closed con-
dition, walking ability correlated only with displace-
ment from the center of pressure in the AP direction,
while gait speed correlated with displacement from
the center of pressure in the AP direction and stan-
dard deviation from the center of pressure in the ML
direction. In the eyes closed condition, static balance
variables correlated only with gait speed (Table 3).

Table 3 - Static stabilometric variables: correlation with

walking ability (FAC) and gait speed
g Y (FAQ) g P (To de continued)

FAC Gait speed

p r p r
DCPap 0.02* -0.54 0.05* -0.48
MDCPap  0.05* -0.47 0.07 -0.44
EO DCPml 0.60 -0.13 0.42 -0.21
MDCPm 0.10 -0.40 0.02* -0.56
Area 0.26 -0.29 0.21 -0.32
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Table 3 - Static stabilometric variables: correlation with

walking ability (FAC) and gait speed
(Conclusion)

FAC Gait speed
DCPap 0.11 -0.39 0.01* -0.57
MDCPap  0.11 -0.39 0.02* -0.56
EC DCPmI 0.46 -0.19 0.03* -0.52
MDCPmI  0.45 -0.19 0.03* -0.52
0CP 0.23 -0.30 0.02* -0.56

Note: Abbreviations: EO: eyes open condition; EC, eyes closed condi-
tion; DCPap: displacement from the center of pressure in the antero-
posterior direction; MDap: mean deviation from the center of pressure
in the anteroposterior direction; DCPmI: displacement from the center
of pressure in the mediolateral direction; MDmI, mean deviation from
the center of pressure in the mediolateral direction; OCP, oscillation
from the center of pressure. Significant comparisons * (p < 0.05).

Dynamic balance correlated with both gait speed
(p = 0.005; r = 0.64) and FAC (p = 0.019; r = 0.56),
indicating that the better the functional balance, the
greater the speed and walking ability (Figure 2).

Discussion

The present study showed that patients with
chronic hemiparesis after stroke exhibited greater
stabilometric oscillations with eyes closed, and
negative correlations between stablelometry and
the FAC, as well as between stabilometry and gait
speed. Furthermore positive correlations were ob-
served between the BBS and the FAC and between
BBS and gait speed. These findings may be related
to sample characteristics, given that individuals dis-
played good functional balance (12), needed little
or no help in walking (11, 13), walked at moderate
speed (20, 21), and showed greater static balance
oscillation in bipedalism (22, 23) when compared
to a healthy population.

Analysis of stabilometry indicated that more CoP
movement occurred in the ML direction in hemipa-
retic individuals, both with eyes open and closed.
This finding is likely related to the fact that the CoP
in these individuals was displaced toward the non-
paretic limb. This may have occurred in an attempt
at maintaining standing balance.
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Figure 2 - Significant correlations between functional and static balance (BBS), walking ability (FAC) and gait speed. A: BBS

X FAC. B: BBS X Speed

The data also show greater instability with eyes
closed than open, suggesting that individuals in this
sample may have more difficulty in adopting com-
pensatory strategies to maintain the orthostatic
position, due to the absence of visual input (24). It
is known that balance is influenced by propriocep-
tive, visual and vestibular systems. Since hemiparetic
individuals often exhibit impaired proprioception,

visual information is an important tool for correcting
proprioceptive deficits (25).

This study found a negative correlation between
both stabilometric data and speed and between stab-
ilometry and the FAC, suggesting that the less the
movement in the AP and ML directions, the greater
the speed and walking ability of individuals.
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Other studies (22, 23) also found that an increase
in mediolateral oscillation in the standing position
may indicate lower gait. Standing balance disorders
may lead to compromised coordination and symme-
try in paretic and nonparetic limbs (22), resulting in
slower walking speed.

For people with hemiparesis to resume walking
after stroke, standing balance must be controlled
(23, 6). Our results demonstrate that the greater
the standing stability, the better the walking ability.
This can be explained by compensatory strategies
while standing, such as transferring weight to the
nonparetic side (6), and regulating paretic hemibody
oscillation by means of mechanisms generated by the
nonparetic ankle (26).

Another interesting result was the positive cor-
relation between gait speed and functional balance,
corroborating other studies (27, 28). This finding may
be related to the fact that the BBS observes a number
of dynamic activities, where movement away from
the center of body mass is promoted, as occurs dur-
ing gait (12). This can also be explained by the fact
that functional walking ability depends on controlling
balance and gait speed, among other factors (29).

The correlation between the FAC and BBS was
also positive, suggesting that the better the functional
balance the lower the dependence on other individu-
als to perform gait. The relationship between func-
tional balance and controlled locomotion has been
documented in patients with hemiparesis (29). These
individuals learn compensatory strategies to control
their balance (30), thereby adapting to the conditions
caused by the lesion in order to perform functional
activities, such as independent gait.

The main limitation of this study was sample size,
since it consisted of only 17 hemiparetic individuals.
For a better understanding of neurological and physi-
ological factors that involve the balance and gait of
patients with chronic post-stroke hemiparesis, it is
suggested that new studies be conducted associating
other important variables, such as motor impairment,
lesion site, electromyography and paretic and non-
paretic limbs.

Final Considerations
The findings of this investigation indicate corre-

lations between both static and functional balance
and gait speed and walking ability. In light of chronic

alterations in motricity resulting from brain lesion,
such as impaired strength and hypertonia, good bal-
ance may be essential in reestablishing gait. Thus, itis
suggested that balance training may be an important
component for gait recovery protocols.

This study received no financial support.
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