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Balance training program is highly effective in improving
functional status and reducing the risk of falls in elderly
women with osteoporosis: a randomized controlled trial
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Abstract

Introduction The purpose of this study was to investigate
the effect of a 12-month Balance Training Program on
balance, mobility and falling frequency in women with
osteoporosis.

Methods Sixty-six consecutive elderly women were select-
ed from the Osteometabolic Disease Outpatient Clinic and
randomized into 2 groups: the ‘Intervention’, submitted for
balance training; and the ‘Control’, without intervention.
Balance, mobility and falling frequency were evaluated
before and at the end of the trial, using the Berg Balance
Scale (BBS), the Clinical Test Sensory Interaction Balance
(CTSIB) and the Timed “Up & Go” Test (TUGT).
Intervention used techniques to improve balance consisting
of a 1-hour session each week and a home-based exercise
program.

Results Sixty women completed the study and were
analyzed. The BBS difference was significant higher in
the Intervention group compared to Control (5.5+5.67 vs
—0.5+£4.88 score, p<0.001). Similarly, the number of
patients in the Intervention group presented improvement
in two conditions of CTSIB compared to Control (eyes
closed and unstable surface condition: 13 vs one patient,
p<0.001 and eyes open, visual conflict and unstable surface
condition: 12 vs one patient, p<0.001). Additionally, the
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differences between the TUGT were reduced in the
Intervention group compared to Control (—3.65+3.61 vs
2.27+7.18 seconds, p< 0.001). Notably, this improvement
was paralleled by a reduction in the number of falls/patient
in the Intervention group compared to Control
(=0.77 £ 1.76 vs 0.33 £ 0.96, p=0.018).

Conclusion This longitudinal prospective study demon-
strated that an intervention using balance training is
effective in improving functional and static balance,
mobility and falling frequency in elderly women with
osteoporosis.

Keywords Balance - Exercise program - Falls - Mobility -
Osteoporosis

Introduction

Osteoporosis is a debilitating, widespread disease, which
affects approximately 55% of the population above 50 years
old in the USA [1]. Falls among the elderly, especially for
those with osteoporosis, are associated with high morbidity
and mortality and can involve high-cost medical interven-
tion [2]. In fact, falls are responsible for 90% of the
growing increase in hip fractures [3] and are the sixth cause
of death among patients aged over 65 [4].

Falls are multifactorial, and their causes are categorized
as intrinsic (personal) and extrinsic (environmental) factors
[5, 6]. Some examples of intrinsic factors include: altered
balance, neurological diseases, sensory deterioration, mus-
culoskeletal diseases, postural hypertension and the use of
medication [7].

Research shows that altered balance is the greatest
collaborator towards falls in the elderly [6, 8—12], with a
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high correlation between balance deficit and the incidence
of falls [13, 14].

For this reason, studies regarding the risk of falling in
osteoporosis are of high priority in clinical intervention.
Diminishing the incidence of falls is a health priority, which
reflects on both the quality of life and health costs [2].

Moreover, evidence suggests that exercise reduces the
risk of fractures, showing an effect on the maintenance of
bone mass and, more importantly, improving postural
stability, mobility and, consequently, diminishing the risk
of falls [15]. Indeed, improving balance should be an
objective in the prevention of falls [16].

However, knowledge regarding balance deficit and the
probability of falls is limited and controversial [17]. The
literature shows that exercise may or may not be efficient in
the control of falls [18], and the impact of prevention
programs with balance training in diminishing falling
frequency has yet to be established, principally in women
with osteoporosis.

Balance training has been investigated in healthy elderly
individuals [3, 16, 19-21]; however, only one study
regarding balance training in women with osteoporosis
exists. Since patients with osteoporosis are at greater risk of
fractures resulting from falls, further research in this group
should be prioritized [22].

The purpose of the present study was to investigate the
effect of a 12-month balance training program on functional
and static balance, mobility and falling frequency in women
with osteoporosis.

Patients and methods
Patient sample

Sixty-six elderly women aged over 65 years old were
consecutively selected from patients of the Osteometabolic
Disease Outpatient Clinic of the Rheumatology Division,
University of Sao Paulo. Only patients with osteoporosis,
classified according to the World Health Organization [23]
were included; with a bone mineral density (BMD) T-score
lower than —2.5 standard deviation (SD), in the lumbar
spine, femoral neck or total femur region.

The following women were excluded: those with
secondary osteoporosis, visual deficiency, severe auditive
deficiency, or vestibular alteration of important clinical
status, such as women who used assisted walking devices
or who were unable to walk independently more than
10 meters [24]; those who planned to be out of town for
more than 4 weeks during the 12-month study; and women
who presented absolute or relative contraindications for
exercise training according to the American College of
Sports Medicine [25].
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The patients were randomized consecutively into two
groups: the group submitted for the Balance Training
Program (Intervention Group), consisting of 34 patients;
and the Control group, consisting of 32 patients without
intervention. The Control group only received treatment for
osteoporosis and orientation to prevent falls and return
regularly (3-monthly follow-ups) to the Osteometabolic
Disease Outpatient Clinic. All patients read and signed a
term of free informed consent that described the procedures
which would be realized during the research.

Measured variables: interview and medical chart records

Personal, family and clinical data were evaluated through
an interview and medical chart records, with emphasis on
the history of fractures, number of falls in the preceding
year, use of medication for osteoporosis, and use of
medication that favored the risk of falling, such as
hypnotics, hypotensors and antidepressants.

Functional state evaluation

Static and dynamic balance and mobility were evaluated in
all patients, before and at the end of the trial, by a
physiotherapist who was blinded to the distinct group
(Intervention, Control).

Functional balance

The Berg Balance Scale (BBS) is based on 14 items
common to daily life activities used to evaluate functional
balance [26]. The maximum score that can be achieved is
56, and each item possesses an ordinal scale of five
alternatives which varies from 0 to 4 points.

The test is simple, easy to administer and accompanies
the evolution of elderly patients. It only requires a ruler and
a watch and takes approximately 15 minutes to execute
[26]. A score lower than or equal to 45 is considered
evidence of altered balance [27].

Static balance

Static balance was evaluated by the Clinical Test of Sensory
Interaction for Balance (CTSIB), which consists of six
sensory conditions (1: eyes open and firm surface, 2: eyes
closed and firm surface, 3: eyes open, visual conflict and
firm surface, 4: eyes open and unstable surface, 5: eyes
closed and unstable surface, and 6: eyes open, visual
conflict and unstable surface).

Static balance is considered to be altered when an
individual cannot remain at least 30 seconds in each of the
six conditions [28].
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Improvement in the test was defined as the capacity to
complete the test during the final evaluation when unable to
complete the same in the initial evaluation.

Functional mobility

Functional mobility was evaluated by the Timed “Up &
Go” Test (TUGT) [29], which registers the time an
individual takes to get up out of a chair, walk 3 meters,
turn around, walk back and sit down again.

Elderly individuals without balance deficit are capable of
completing the test in less than 10 seconds.

Falls

The number of falls in the year prior to the study [30] was
solicited and noted in the initial evaluation and at the end of
the trial (final evaluation). During the year of the study,
patients in both groups received a diary and were orientated
to write down the days that they fell.

At the end of the study, the difference in the number of
falls/patient (final evaluation - initial evaluation) was
compared between the Intervention Group and Control.

Intervention

The Balance Training Program consisted of 1 hour of
exercises realized once a week, with a total of 40 classes,
supervised by an experienced physiotherapist. This pro-
gram was realized in a club (Associacdo Atlética Aca-
démica Oswaldo Cruz - AAAOC) belonging to the Clinics
Hospital, School of Medicine, University of Sdo Paulo,
located near to the Hospital. The balance exercises
described by Tinetti and Suzuki [3, 11] were used. The
type and mild to moderate intensity of the exercises used in
the present study were chosen so that they could also be
performed by elderly patients at home [3]. A list of weekly
attendance controlled the absences of each patient.

Basic warm-up and stretching exercises

Prior to training, the patients participated in 15 min of
warm-up and stretching exercises, consisting of head
rotation, shoulder rotation and stretching of the upper and
lower limbs. Walking was performed for 15 min with the
supervision of a physiotherapist, who associated exercises
for the upper limbs throughout the walk.

Balance training
Balance was realized in dynamic and static positions for a

period of 30 min. This consisted of walking in the tandem
position (one foot in front of the other), walking on the tips

of the toes and on the heel, walking sideways, walking
while raising the leg and the contra-lateral arm, standing on
one leg, and standing in the tandem position, while
gradually increasing the period of permanence in these last
two static positions [3, 31].

Home-based exercises

The patients were instructed and encouraged to continue the
same exercises at home at least three times a week for 30 min.
A manual with instructions and illustrations for each exercise
was distributed. The frequency of participation in the home-
based exercises was noted each week by the physiotherapist.

Data analysis

Sixty-six consecutive patients were randomized in the
present study. Data analysis was realized on 60 patients
(30 Intervention Group and 30 Control), as six patients
desisted (four Intervention Group and two Control). In the
Intervention Group the reasons for desistance were:
physical limitations as a result of falls (n=1), foot pain
(n=1), personal reasons (n=2); while in the Control group
the reasons were: physical limitations as a result of falls
(n=1), personal reasons (n=1).

The data were expressed as the mean and standard
deviation (SD) for each variable and differences between
the Intervention and Control groups were tested by the
Student’s #-test or Mann-Whitney test. The Chi-square test
or Fisher’s exact test was used to compare the number of
patients in both groups (Intervention Group vs Control) for
hypnotic and diuretic drug use, fracture history, CTSIB
conditions (1-6) and improvement in CTSIB conditions.
P values <0.05 were considered significant.

Results

The basal characteristics of the patients of both groups were
similar in relation to age, body mass index (BMI), fracture
history, osteoporosis treatment, diuretics and hypnotics/
antidepressants use and bone mineral density (BMD), with
no statistically significant differences between the two
groups (Table 1).

Similarly, in the first evaluation, no differences occurred
when comparing the Intervention Group and the Control
Group in reference to: Berg Balance Scale (BBS) score, the
number of patients that could not complete the Clinical Test
of Sensory Interaction for Balance (CTSIB) in the six
sensory conditions, the Timed “Up & Go” Test (TUGT),
and the number of falls/patients in the preceding year
(»p>0.05) (Table 2).

@ Springer



422

Osteoporos Int (2007) 18:419-425

Table 1 Data at the onset of the study in relation to anthropometric
parameters, fracture history, medication use and bone mineral density
values (T-score) in the Intervention and Control groups

Variable Intervention  Control p-value
(n=30) (n=30)
Age, years 74.57+4.82  73.40+4.61 0.342%*
BMI, kg/m? 24.39+4.49 26.51+5.32 0.100%*
Fracture history, n (%) 13 (43.3) 16 (53.3) 0.438%**
Medication used for OP, n  2.37+1.50 2.30+0.88 0.498%**
Hypnotics/ 6 (20.0) 7 (23.3) 0.7547%%%*
Antidepressants, n (%)
Diuretics, n (%) 14 (46.7) 16 (53.3) 0.606%***
Lumbar spine, T-score —2.83£1.07 —-2.62+1.12 0.470%*
Femur neck, T-score -2.70+0.75 —2.75+0.90 0.821**
Total femur, T-score -2.10+1.26 —2.10+1.09 0.990%**

Data expressed in means + SD or percentage
BMI: body mass index, OP: Osteoporosis
*Student’s #-test

**Mann-Whitney test

***Chi-square test

Adherence rate

A high level of adherence was observed. Sixty percent of
the patients participated in all of the exercise sessions at the
club and absences occurred with the following justifica-
tions: doctor’s appointment, the realization of laboratory
exams or for personal reasons. In relation to home-based
exercise, 76.67% of the patients realized exercises at least

Table 2 Data at the onset of the study for: Berg Balance Scale (BBS)
score, number of patients that could not complete the Clinical Test of
Sensory Interaction for Balance (CTSIB: condition 1: eyes open and
firm surface; condition 2: eyes closed and firm surface; condition 3:
eyes open, visual conflict and firm surface; condition 4: eyes open and
unstable surface; condition 5: eyes closed and unstable surface;
condition 6: eyes open, visual conflict and unstable surface), Timed
“Up & Go” Test (TUGT), and number of falls/patient in the preceding
year in Intervention Group and Control

Intervention  Control p value

(n=30) (n=30)
BBS, score 48.80+4.10 48.13+5.36 0.900*
CTSIB condition 1, n (%) 0 (0.0) 1(3.3) 1.000%**
CTSIB condition 2, n (%) 2 (6.7) 13.3) 1.000**
CTSIB condition 3, n (%) 2(6.7) 2 (6.7) 1.000%**
CTSIB condition 4, n (%) 4 (13.3) 4 (13.3) 1.000%**
CTSIB condition 5, n (%) 15 (50.0) 12 (40.0) 0.604**
CTSIB condition 6, n (%) 12 (40.0) 9 (30.0) 0.589%*
TUGT, seconds 1431+4.03 13.86+£3.43 0.610*
Falls/patient preceding year, n  1.20£1.88  0.87+0.86  0.745*

once a week, 40% of the patients exercised every day and
36.67% from one to four times a week.

Comparison between the Intervention Group and Control

The difference in BBS score (final—initial evaluation) was
greater in the group which suffered intervention (5.5+5.67
vs — 0.5+4.88, p<0.001) (Table 3).

Similarly, the percentage of patients in the Intervention
group whose static balance improved in two sensory
conditions (CTSIB, condition 5: eyes closed, unstable
surface; and condition 6: eyes open, visual conflict,
unstable surface) was statistically significant when com-
pared to Control (CTSIB condition 5: 13 patients vs 1,
»<0.001; CTSIB condition 6: 12 patients vs 1, p<0.001)
(Table 3).

Equally, a significant difference in the functional
mobility, as measured by the TUGT (final—initial evalu-
ation) was observed in the Intervention Group compared to
Control (—3.65+3.61 vs +2.27+7.18, p<0.001) (Table 3).

Parallel to these improvements in functional and static
evaluation, a reduction in the number of falls/patient (final-
initial evaluation) was observed in the Intervention Group
compared to Control (—0.77+£1.76 vs +0.03£0.98, p=
0.018) (Table 3).

Discussion

Few studies have been developed regarding balance
training in patients with osteoporosis. The present longitu-
dinal prospective study demonstrated that a program of
balance training realized over a period of 12 months was
effective in improving the functional and static balance,
mobility and diminishing the number of falls in elderly
women with osteoporosis.

Table 3 Differences (final evaluation—initial evaluation) in: Balance
Berg Scale (BBS) score, number of patients showing improvement in
Clinical Test of Sensory Interaction for Balance (CTSIB condition
5: eyes closed and unstable surface; condition 6: eyes open, visual
conflict and unstable surface), time of Timed “Up & Go” Test (TUGT),
and number of falls/patient in the Intervention Group and Control

Intervention  Control p-value
(n=30) (n=30)
Difference BBS, score 5.5£5.67 —0.5+4.88  <0.001*
CTSIB condition 5, n (%) 13 (43.3) 1(3.3) <0.001**
CTSIB condition 6, n (%) 12 (40.0) 1(3.3) 0.001%**
Difference TUGT, seconds  —3.65+3.61 +2.27+7.18 <0.001*
Difference of falls/patient, n  —0.77+1.76 +0.03+£0.96 0.018*

Data expressed in means + SD or percentage.
*Mann-Whitney test
**Fisher’s exact test
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In the present work, improvement in relation to
functional balance was demonstrated by an increase in the
BBS score in the final evaluation in the group submitted to
the balance training program (Intervention Group). Similar
results were shown in a study by Melzer et al. [32], where
the patients who participated in the balance training
obtained 64% improvement in 3 months. The authors
showed that the group who underwent the balance training
demonstrated better performance than the group submitted
to muscular strength training.

Programs that emphasize balance training are more
effective at improving balance than those that consist
primarily of aerobic, muscular strength or flexibility
exercises [33].

Although it is a complex issue to evaluate the effective-
ness of different types of exercises [34], balance training has
shown beneficial results, with diminished risks of falls [35].

Another positive result of the present study was the
improvement in the two difficult conditions of the Clinical
Test of Sensory Interaction for Balance (condition 5: eyes
closed, unstable surface, and condition 6: eyes open, visual
conflict, unstable surface) in almost half the patients. Carter
et al. [24] obtained an improvement in static balance using
muscular strength training rather than balance training,
though only in 6.3% of the patients. Thus, the present
findings suggest that balance training leads to more evident
positive results in static balance than does muscular
strength training.

In relation to functional mobility, improvement was
demonstrated by a reduction in the TUGT time in the
patients submitted to intervention. These results are relevant,
since research shows that compromised mobility increases
the risk of dependency three- to five-fold, in activities of
daily life [36]. This is not surprising, considering that
mobility is an important component of daily life activities,
for example: going to the shopping mall, to the supermar-
ket, to the doctor or the cinema. Increased dependency
could lead to institutionalization and diminished quality of
life. Good balance is considered fundamental for improving
mobility and preventing falls [36].

In parallel to the improvement in functional evalua-
tion, an important reduction in the frequency of falls was
observed. Although the effect of exercise in the preven-
tion of falls in the elderly is yet to be proved, some
studies show that physical activity reduces the risk by
40% [37]. On the other hand, in a consensus on prevention
of falls in the elderly, the only exercises recommended to
prevent falls are those which specifically target balance
training [38].

Many studies that show improvement in balance and
mobility present similar characteristics in their exercises.
This suggests that the content and intensity of the exercise
program could be more important than other intervention

variables [39]. Moreover, differences in the administration
of the exercise program, the professional experience of
those who apply the exercises, the location in which the
sessions are held and whether the exercise is conducted in
group or realized individually, are all fundamental param-
eters which influence the success of the exercise program
[39].

An important factor for the success of the exercise
program is adherence. Contrary to the study by Forcan et al.
[40], who stated that adherence to exercise in the elderly is
weak, in the present study good adherence was observed,
with more than half the patients present at all sessions. The
current findings are similar to other studies which showed
adherence up to 97.5% [17].

The success in adherence in the present study is probably
due to the location where the exercises were performed (a
pleasant, natural environment), to social interaction, and to
the supervision of a physiotherapist. A secure environment,
session supervision and the opportunity for social interac-
tion reduce the feeling of isolation. A social support system
is considered important in group activities, and helps
sustain adherence and the effectiveness of the weekly
exercise sessions and also the adherence to home-based
exercises [35].

Similarly to our study, Robitaille et al. showed that an
exercise program performed in groups improves the balance
of the elderly in the community [41].

Another relevant factor was the use of a manual of
instructions and illustrations for the realization of home-
based exercises, which contributed to the continuity and
adherence of the exercises performed. Each exercise was
appropriately prescribed and illustrated by a physiothera-
pist, giving the patient adequate support. Descriptive and
illustrated pamphlets have been used in some studies,
complemented by a home-based exercise program, with
positive results [3, 42].

The present positive results could also be related to the
state of health of these patients, which was good in our
patients. Buchner et al. [43] showed that exercise can have
beneficial effects on health and on the risk of falls in certain
subgroups of the elderly.

The physical and psychological benefits of the regularity
of the sessions and the environment should never be
ignored. Stimulating strategies and demonstrating ability
in the transference from one exercise to another, conse-
quently, maintaining enthusiasm during the exercises, can
be practiced safely in groups [35].

Although our study did not use laboratory equipment
[44] to substantiate the results obtained, we showed by
reliable and reproducible scales and tests [26, 28, 29] that
balance training performed once a week, supervised by a
physiotherapist, and complemented by home-based exer-
cises, is very effective in the improvement of functional and
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static balance and mobility, and in the reduction of falls in
elderly women with osteoporosis.
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