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The functional assessment Berg Balance
Scale is better capable of estimating fall risk
in the elderly than the posturographic Balance
Stability System

A avaliacao funcional Berg Balance Scale é capaz de estimar melhor o risco de quedas em
idosos do que a posturografia Balance Stability System

Vanessa Vieira Pereira’, Roberto Alcantara Maia?, Sonia Maria Cesar de Azevedo Silva?®

ABSTRACT

The purpose of this study was to verify which instrument better identifies recurrent falls in the elderly. Ninety-eight old people, with an aver-
age age of 80+4 years, were submitted to an assessment of balance and fall risk by means of the Berg Balance Scale (BBS) and the posturo-
graphic Balance Stability System (BSS). The BBS was correlated with the BSS (r=-0.27; p=0.008), age (r=-0.38; p<0.001) and number of falls
(r=-0.25;p=0.013) and the analysis of logistical regression showed that the elderly classified with fall risk on the BBS presented 2.5 (95%Cl
1.08-5.78) more chance of identifying who had two falls or more over the last year. The BBS identified that the greater the age the worse the
functional balance and demonstrated a greater capacity to identify falls risk suffered over the last year when compared with the BSS.

Key words: postural balance, accidental falls, aged, geriatric assessment.

RESUMO

A proposta do estudo foi verificar o instrumento que melhor identifica o risco de quedas recorrentes em idosos. O estudo incluiu 98 idosos,
com média de idade de 80+4 anos, submetidos a avaliagcéo do equilibrio e risco de quedas por meio da Berg Balance Scale (BBS) e da pos-
turografia Balance Stability System (BSS). A BBS foi correlacionada com a BSS (r=-0,27; p=0,008), com a idade (r=-0,38; p<0,001) e com o
numero de quedas (r=-0,25; p=0,013). A analise de regresséao logistica mostrou que idosos classificados com risco de quedas na BBS apre-
sentaram 2,5 (935%IC 1,08-5,78) mais chances de identificar quem teve duas quedas ou mais no ultimo ano. A BBS identificou que quanto
maior a idade pior é o equilibrio funcional e demonstrou maior capacidade de identificar o risco de quedas sofridas no Gltimo ano quando
comparada a BSS.

Palavras-Chave: equilibrio postural, acidentes por quedas, idoso, avaliacao geriatrica.

Falling is a common event, experienced by everybody dur-
ing life. In the elderly, it is more serious on account of the con-
sequences and constitutes a major cause of morbidity and
mortality". It could be defined as an unintentional dislocation
of the body to an inferior level to the initial position, with in-
capacity for correction in due time and a multifactor ethol-
ogy'. However, recent research has concluded that the fall has
not been defined yet, since it holds a different significance for

groups of the elderly, health professionals and researchers —
the former two associating the events with its antecedents
and consequences whereas the researchers are concerned
with the event itself?.

Two conditions must be satisfied for a fall to occur: there
must be a perturbation of balance and a failure of the bal-
ance system to compensate and anticipate this perturba-
tion*”. Balance or postural stability is defined as the capacity
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to maintain the projected center of the mass within the limits
of its supporting base in static or dynamic situations®.

When broaching upon balance, it is necessary to under-
stand the theory of the systems which comprehend the in-
tegration of sensorial systems, central processing and the ef-
fector system. The sensorial system represents information
relating to corporal stability through three integrated appa-
ratus: vestibular, visual and somatosensorial. The vestibular
system is sensitive to movement, with linear acceleration or
cephalic angles, spatial orientation and the verticality of the
head; the visual apparatus reflects the information of space
in relation to the individual and lastly the somatosensorial,
which indicates the positioning and velocity of the corporal
segments in relation to the medium. This sensorial informa-
tion are integrated and processed in the central nervous sys-
tem, provoking responses through the effector system, that is
composed of muscles, ligaments and articulations, by means
of anticipatory and reactive strategies which make the recu-
peration of balance possible so that a fall does not occur *"1.,

It is known that the ageing process provokes alterations
in the systems responsible for balance, as well as altering the
motor strategies, the reactive and anticipatory postural con-
trol and the limits of stability"*!%!%1,

The elderly who present damage in one or more systems
responsible for balance develop a larger risk for suffering re-
current falls, making a miniscule assessment necessary'.

The objectives of a balance assessment are to identify altera-
tions in the balance mechanisms, to characterize their causes,
to assess the repercussions on functional activities and to insti-
tute adequate and specific treatment to prevent falling!.

The Berg Balance Scale (BBS) assesses the functional per-
formance of balance through functional tasks that require
equilibrium®™'®, and the posturography Balance Stability
System (BSS) assesses neuromuscular control through the
quantification of the individual’s ability to maintain dynamic
postural stability upon an unstable surface'*'"".

The BBS has been widely used in scientific research and
in clinical practice, since, apart from its low cost, it is easy to
apply and assesses the risk of falling within the elderly. The
BBS assesses balance in an objective form, but has been little
used in research on falls within the aged population. A pre-
vious pilot study showed a correlation between the two in-
struments, but did not clarify the choice of instrument which
best identifies the elderly with a history of falls®.

The object of this study was to verify the instrument
(BBS/BSS) which better identified recurrent falls in the elder-
ly over the last year and to analyze its correlations with age.

METHOD

This is a transversal, descriptive and observational study.
Ninety-eight elderly people were selected aged between 72
and 89 (80+4) who were sent to the falls unit for geriatric and
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chronic cases at the Hospital do Servidor Publico Estadual -
Francisco Morato de Oliveira, during the period from January
2007 to December 2009. Twenty-one individuals (21.4%) were
of the male sex and seventy-seven (78.6%) of the female sex.
The age range of the old people assessed was chosen in ac-
cordance with the separation into groups carried out for the
normatization of posturography, including exclusively elderly
individuals.

Participants were informed about the research by means
of a term of consent freely adopted and clarified, and this
project was judged by the Committee of Medical Ethics of the
Hospital do Servidor Publico Estadual and approved under
protocol 123/08.

Excluded from the study, were old people who presented a
comprehension deficit which might limit the tasks of the BBS
or the platform test of the BSS; old people dependent on a fixed
zimmer frame, those who made articulated or exclusive use
of a wheelchair and those who were aged under 72 or over 89.

Initially, an anamnesis was realized showing person-
al details and the number of falls suffered during the 12
months prior to the investigation.

The BBS was subsequently applied and an assessment
carried out on the BSS posturography of the Byodex make, in
which the old people were classified into greater or lesser risks.
Old people who used a stick were assessed by the BBS with the
device, but did not use it for the posturography assessment.

The BBS has 14 items which assess balance during func-
tional activities in daily life; these activities are classified from
0 to 4, with 0 being the worst mark and 4 the best perfor-
mance from the realization of independence tasks. The sum
of these points can reach a maximum of 56 points — the less
points the larger danger to the individual’s stability. This scale
has a cut mark for the risk of falls, in which individuals with
values equal to or above 45 present less risk of falling in the
activities assessed™".

The BSS is a piece of equipment which consists of a multi-
axial platform connected to a computer which promotes a
visual feedback, providing the person under assessment with
the possibility for correcting unbalance that can be adjusted
favoring various degrees of inclination, to a maximum of 20
degrees. These inclinations (1 to 12 of instability, with one be-
ing the most unstable and 12 the most stable) create situa-
tions similar to the functional activities which result in insta-
bility and permit characterizing the ability of the patient to
maintain a stable posture. This platform offers the assessor
reports on wide tests, predictive values of bilateral compari-
son and dynamic limits of stability. These facts can be used to
measure and register objectively the patient’s capacity to sta-
bilize the articulation involved under dynamic effort.

The risk of falling is determined by instability of degree
8 (slightly unstable) in which the individual must maintain
himself in line with the center of the platform, generating
a score. This value is compared with a data bank of healthy
North American individuals in which the reference values



were obtained in accordance with the height and age range
of the individuals. This test is carried out in three attempts
of 20 seconds, with an interval of 10 seconds between them,
and the inclination goes from levels 12 to 8. The old people
assessed did not wear a safety belt to carry out the test and,
if they leaned upon the supporting bar attached to the ap-
paratus, the test was interrupted. The feet were positioned
in a comfortable manner, but the distance between them
could not exceed their shoulder width; additionally, the feet
remained immobile during the three tests. The final result is
the average sum obtained from the three scores, consider-
ing a variation of central pressure (COP) as reference. For old
people aged between 72 and 89, a fall risk is considered when
the individual presents a final test score of above 3.5%".

When questioned upon having falls over the last year, 25
old people replied they had not fallen in the last year, 26 re-
ported having one fall and 47 reported having two or more
falls, suggesting the formation of three groups of individuals.
Therefore, we opted to divide the patients into two groups:
old people who suffered zero to one fall over the last year (0
to 1 fall) and old people who suffered recurring falls, i.e., two
or more falls in the last year (=2 falls).

The variables used were sex, age, number of falls, BBS
score, BSS score and fall risk in each one of the assessments.

The data were stored in a data bank and analyzed with
a statistical package SPSS (Statistical Package for Social
Sciences, version 18.0). The descriptive average analysis,
standard deviance and the analysis of frequencies were
used to present the data. The distribution of data was veri-
fied by means of the Kolmogorov-Smirnov test and pre-
sented normal distribution. The comparison between the
groups 0 to 1 fall and 2 falls or more was realized by the
Student t-test for independent samples. Furthermore, a
Pearson correlation was used to establish possible rela-
tions between the scores obtained from BBS and the scores
from the BSS platform with the age and number of falls suf-
fered over the last year. The logistic regression analysis with
forced entry of the dichotomized independent variables in
the fall risk from the BBS and the fall risk from the BSS was
used to verify the capacity of identifying who had suffered
two falls or more over the last year”. The two dimensional
graph of the correspondence analysis (ANACOR) togeth-
er with Pearson’s qui-square association test were used to

visualize the associations encountered through analysis of
logistic regression. For all the variables, the level of signifi-
cance adopted was 5% (p<0.05).

RESULTS

Table 1 shows the average age, the number of falls over
the last year, the BBS mark and the score on the BSS plat-
form. There was a significant difference for the number of
falls between the groups.

The Pearson correlation test showed a significant moder-
ate negative relation between age and the BBS marks (r=-0.38;
p<0.001) and a weak negative relation between the BBS marks
and the BBS platform scores (r=-0.27; p=0.008). A weak, but
significant negative, relation was also found between the BBS
marks and the number of falls in the last year (r=0.25; p=0.013).
There was no relation between the BSS scores and age (r=0.05;
p=0.606) and with the number of falls suffered in the last year
(r=0.04; p=0.656).

In Table 2, it is observed that from the group of elderly
who were classified with fall risk on the BBS, 60% related hav-
ing suffered two or more falls during the last year, whilst in
the group of old people without fall risk, 35% related hav-
ing suffered two or more falls during the last year. However,
for the old people with risk classification for fall on the BSS
platform, 55% of them suffered two or more falls over the last
year, whereas 37% of those who did not present risk on the
BSS related having suffered two fall or more over the last year.

Table 3 shows the analysis of logistic regression. The clas-
sification of greater fall risk in the marking of the BBS has 2.5

Table 1. Distribution of the number of fall occurrences in
relation to age, score from Berg Balance Scale and Balance
Stability System.

Groups
p-value
0to 1fall (n=51) =2 falls (n=47)
Age 79.4x4.7 80.7+4.2 0141
Number of falls 0.6+0.5 3.2+1.8 <0.001*
BBS Score 44.7+7.3 421+7.3 0.073
BSS Score 4.4+2.3 4.7£2.5 0.544

*Significant difference due to the definition of the groups. Student t-test for
independent samples. BBS: Berg Balance Scale; BSS: Balance Stability System.

Table 2. Fall risk on the Berg Balance Scale and Balance Stability System in relation to the number of falls.

Groups

0to 1 fall =2 falls Total 3 p-value
with risk 1(40%) 1(60%) 2 (100%)

BBS without risk 0 (65%) 6 (35%) 6 (100%) 6,031 0,014
Total 1(52%) 47 (48%) 98 (100%)
with risk 7 (45%) 3 (55%) 60 (100%)

BSS without risk 24 (63%) 4(37%) 8 (100%) 3,073 0,080
Total 51 (52%) 47 (48%) 8 (100%)

%% Pearson qui-square test. BBS: Berg Balance Scale; BSS: Balance Stability System.
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Table 3. Association between the risk of falling obtained by the Berg Balance Scale and Balance Stability System and the number
of falls suffered over the last year. With Odds Ratio estimate and a Confidence Interval of 95%.

95% Confidence Interval

Variable B Wald OR
Inferior Superior
-0.92~*
Constant 5.52 0.40
(0.39)
0.92 *
Risk on the BBS 4.57 2.50 1.08 578
(0.43)
0.57
Risk on the BSS 1.66 1.76 0.74 418
(0.44)

Logistic Regression, R?=0,40 Cox e Snell. x? of model=7,768, p=0,021; *p<0,05. OR: Odds Ratio; BBS: Berg Balance Scale; BSS: Balance Stability System.
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Figure. Graph of the association of the two dimensions

between the risk groups assessed by the Berg Balance Scale
and Balance Stability System.

(95%CI 1.08-5.78; p=0.032) more chance of identifying those
who presented two or more falls in the past year. On the oth-
er hand, the risk classification for falls on the BSS platform
was not capable of identifying the elderly who suffered falls
in the last year (p=0.198). The graph of proximities of the two
dimensions generated by the correspondence analysis illus-
trates these findings (Figure).

As we can observe on the graph, the elderly who related
having suffered two or more falls over the last year are closer
to the old people with classification of fall risk on the Berg
Balance Scale. As the old people with and without risk classi-
fication for falls are equidistant from the association between
the number of falls suffered over the last year, it is supposed
that both the elderly with a risk classification and those with-
out the risk classification for falls on the Balance Systems
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platform present similar results, confirmed by Pearson's qui-
square test (*(1)=3.073; p=0.080).

DISCUSSION

In the present study, it was observed that the BBS corre-
lated negatively with the age of the elderly assessed, i.e., the
lower the marks on the scale the higher the age of the old
people, demonstrating that old people with older age ranges
present a greater risk of falls. The ageing process provokes al-
teration in the systems responsible for balance, causing def-
icits in motor balance strategies, reducing the reactive and
anticipatory postural control and the limits of stability.

Similar findings were met in another studies in which it
was verified that the age range above 80 presents a greater
risk of falling® and that the association between factors re-
lated to balance of old people and chronic vestibular func-
tion, observing a correlation between the scale and the age*.
However, these findings were not met in a cohort study which
verified the factors associated to the risk of falling in the aged
of the community, where the age was not related to the oc-
currence of falls®, and to a study upon prediction of falls uti-
lizing the BBS in which there was no relation observed be-
tween age increase and the decreasing performance on the
scale®.

A weak negative relation was verified between the BBS
and the BSS platform, i.e., the greater the value of the score
on the platform the lower will be that of the scale, since the
greater the marks on the platform the greater the risk of falls
and the lower the marks on the Berg scale the greater the
disequilibrium and risk of falling. It is, therefore, observed
that there does exist a relation, albeit weak, between the two
methods of assessment, since both assess balance, with its
systems involved and the risk of falls, but the tasks assessed
which require the balance are different.

There are various assessment tests for balance all of
which present positive aspects and limitations. Upon
comparing different tests, it is verified that there are some



tasks which associate and others that differentiate, and
this can be observed in the present study. The same can
be observed in a comparative study between BBS, the
Dynamic Gait Index and the Timed Up and Go Test, in
which the tests are associated, however only the second
test was capable of verifying the fall risk in the population
studied constituted by old people of a younger age (from
60 to 75 years old), who had not suffered recent falls*.

In a bibliographic revision upon the best form of as-
sessing fall risk, it was suggested that the BBS score as-
sociated with history of falls were the best predictors of
falls among the elderly in the community. Another study
demonstrated that old people who fell during the last
12 months prior presented a score varying from 54 to 56
points, that is to say the Scale on its own is not a good pre-
dictor of fall risk?.

The BBS assesses balance in functional activities, but
does not examine the performance under altered environ-
mental conditions, and none of the tasks demand reactive
postural control, different from the BSS platform which
demands reactive postural control, since it provokes in-
stability in the patient through unexpected movements
at the base of its support, stimulating him to stabilize by
means of visualization on the computer and by the utiliza-
tion of balance strategies®.

Both tests assess the balance of the old person and the
systems involved within balance, but the BSS platform de-
mands a little more than the functional activities assessed
in the BBS, on which account it is observed that the aver-
age mark of the two groups (0 to 1 fall and more than 2 falls)
on the BSS was high, verifying the risk of falls in the elderly
who fell more than once and in the elderly who fell once only
or not at all. Perhaps, if the test were realized on the plat-
form on the static level, it would be possible to differentiate
the two groups assessed as in the Bauer study or by carrying
out functional tasks upon the platform?. The public studied
is considered old and very old; it is known that this popu-
lation presents the systems involved in altered balance and
this becomes more evident in situations of higher demand on
these systems than in the habitual situations such as those
assessed by the BBS.

In the logistic regression analysis, it can be observed that
the BBS was capable of identifying 2.5 times more those who
had fallen twice in the last year, which was not verified on the

BSS platform; with this, it can be stated that the Scale has a
better power for verifying falls suffered in the last year com-
pared to the platform. We part from the hypothesis that the
falls of these elderly occurred in similar situations to those
assessed by the BBS, such as getting up from a chair, dimin-
ishing the basis of support, turning on their own axis and
diminishing visual stimulus, amongst others, and that the
elderly of the two groups would undergo a risk of falling in
situations in which a reactive postural control is required, as
provoking instability by means of oscillation at the base of
sustentation assessed by the posturography, which simulates
activities outside the home, like going to a crowded shopping
center, ascending a moving staircase and brusque changes of
direction and speed®.

In contrast, it was verified in a study in which old peo-
ple with and without symptoms of dizziness were assessed
by the computerized dynamic posturography that there was
a statistically significant difference between the groups as-
sessed; the groups, however, were separated into adults with-
out symptoms, old people aged between 61 and 79 years with
symptoms of unbalance or dizziness and old people of the
same age range without the referred symptoms”. As can be
observed, the age range of the group studied is less than the
age range assessed in the present study, which modifies the
motor responses in the face of instability.

According to the findings of the present study, it is ob-
served that the BBS was better for identifying who suffered
falls in the previous year when compared to the BSS, apart
from there being a correlation between the tests. This is very
important for the physiotherapist since the BBS is an instru-
ment of low cost and easy application, able to be used in di-
verse contexts in which the aged public are found, whilst the
BSS is only available in few Brazilian health services for the
assessment of balance and fall risk.

Although exists a correlation between the two methods
of assessment, it is concluded that the BBS permitted verify-
ing that the elderly with older age ranges have a tendency to
present worse balance and demonstrated a greater capacity
to identify falls suffered over the last year when compared
with the BSS platform.

It is possible that some of these observations may be re-
formulated when dealing with a larger casuistry of elderly pa-
tients and that correlations with other variables might also
enrich this study.
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