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Abstract The aim of this study is to evaluate the eVect of
submaximal aerobic exercise program on postural balance
in postmenopausal women with osteoporosis. Twenty-Wve
postmenopausal women without osteoporosis and 28 post-
menopausal women with osteoporosis enrolled in this
study. Balance ability of all subjects was measured by
timed up and go test (TUG), four square step test (FSS),
Berg balance scale (BBS) and Kinesthetic ability trainer
3000. After completion of initial measurements of balance,
postmenopausal women with osteoporosis attended the
submaximal aerobic exercise program on treadmill. At the
end of the exercise program, balance tests were repeated.
Balance tests of postmenopausal women without osteopo-
rosis were repeated approximately 4-weeks after the initial
measurement. There was statistically signiWcant improve-
ment in all balance scores in the postmenopausal women
with osteoporosis after exercise training whereas there were
no statistically signiWcant diVerences in the scores of post-
menopausal women without osteoporosis who did not exer-
cise. This study showed that a 4-week submaximal aerobic
exercise program provided signiWcant improvements in
static and dynamic balances in postmenopausal osteopo-
rotic women.
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Introduction

Osteoporosis is an important health problem in aging popu-
lation, showing itself as fractures even after minor trauma.
These fractures can aVect any bone in the body; wrist,
femur neck and vertebra are the most frequently inXuenced
sites [1].

Falls are recognized as the most important risk factor
that increases the tendency to osteoporotic fractures that
have a high rate of morbidity and mortality [1]. The causes
of falls are multi-factorial. Among most commonly
reported risk factors are gait and balance disorders [2].
One-fourth of the falls result in serious injuries, even falls
without complications May also lead to decrease in self-
conWdence and quality of life [1, 3].

Frequency of falls in middle–late age groups is higher in
women than in men [4]. Increased tendency to fall in eld-
erly persons is related to decreased postural stability and is
believed to be a result of impaired general health status [1].
Decreased postural stability is also observed in postmeno-
pausal period. Fall incidence is three times higher in post-
menopausal women than in men within the same age group.
Estrogen withdrawal in menopause is suggested to aVect
postural stability via reducing the speed of information pro-
cessing of the brain [5].

Regular weight bearing exercises have great beneWts on
bone mineral density. Walking, which is an easy and safe
form of weight bearing exercise that does not require any
special equipment, also improves muscle strength, balance,
coordination, proprioception and reaction time; and eventu-
ally improving postural balance; exercise might contribute
to reduce incidence of falls [6].

Aim of this study is to investigate the eVects of 4-week
aerobic exercise program on postural balance in postmeno-
pausal women with osteoporosis.
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Methods

Subjects

Subjects were recruited from volunteered patients who
were admitted to physical medicine and rehabilitation out-
patient clinic in Gazi University Hospital. This study was
performed according to the Helsinki Declaration. Subjects
with musculoskeletal disorders such as arthritis, amputa-
tions; neurologic disorders such as peripheric neuropathy;
visual and vestibular disorders were not included. Fifty-
three postmenopausal women participated in the study and
all subjects were classiWed into two groups according to
their bone mineral density. Group 1 consisted of postmeno-
pausal women with osteoporosis (n = 28), group 2 con-
sisted of postmenopausal women without osteoporosis
(n = 25). Demographic information, systemic diseases,
medications used and risk factors for falling were recorded.
Musculoskeletal and neurologic examinations of each sub-
ject were performed. Mini mental state examination
(MMSE) test and hospital anxiety and depression test were
used for the evaluation of cognitive function and mood sta-
tus, respectively.

Procedure

Balance ability of all subjects was measured by static and
dynamic functional balance tests. Timed up and go test
(TUG), four square step test (FSS) and Berg balance scale
(BBS) were used to assess dynamic and functional balance.

In TUG, subjects were seated on a back-supported chair.
Then they were asked to stand up from chair, walk (through
a 3 m path speciWed on the Xoor) 3 m away from the chair
(which is marked on the Xoor), turn, walk back to chair and
sit down. Time taken to complete the test was measured in
seconds [7].

For FSS, four squares were formed by four canes placed
Xat on the Xoor. The subject was asked to stand in one of
the squares (number 1) facing the adjacent square (number
2). The subsequent squares were numbered as 3 and 4. The
subject was then asked to step into the squares in a given
order (2-3-4-1-4-3-2-1) as quickly as possible and without
touching the canes. In each square, contact of both feet was
required. In order to familiarize with the test, one practice
trial was allowed after explaining and showing the test to
the subject. If the subject failed to complete the sequence in
the correct way, failed to protect her balance and had con-
tact with any of the canes on the Xoor, the test procedure
was repeated. Time taken to complete the given sequence
was recorded in seconds. Timing began when the Wrst foot
made contact with the Xoor of the second square and ended
when the last foot had contact with the Xoor of the Wrst
square [8].

BBS was used to assess functional balance. The test con-
sists of 14 items that are frequently performed in activities
of daily living. The subjects were asked to perform the
items in an order of increasing diYculty of the tasks. Tasks
consisted of more stable positions like standing and sitting
without support, sitting from standing and standing from
sitting and picking up an object from the Xoor. The most
diYcult items were single leg stance and tandem stance that
required maintenance of balance on reduced base of sup-
port. Scores in BBS were scaled from 0, failure to perform
task, to 4, ability to perform task independently and safely
[9].

Kinesthetic ability trainer 3000 (KAT 3000, Kinesthetic
Ability Trainer 3000) (Med-Fit Systems Inc., Fallbrook,
CA, USA) was used for quantitative assessment of static
balance. In static balance test, subjects were asked to stand
on the balance platform. Optimum position was obtained
using the x and y-axis drawn perpendicular to each other on
the platform. Subjects were instructed to put their feet on
the center of the platform with the second toe coming
over the line parallel to y-axis and the highest point of the
long arch crossing the x-axis. The platform is freely mov-
able so that the subject can maintain her balance by tilting it
back and forth and from side to side without moving her
feet, but instead changing her center of gravity by trunk
movements. For the static balance test, subject was asked to
maintain her equilibrium as motionless as possible on the
platform for 30 s. During the procedure, for assistance, the
subject kept red ‘X’ sign that represented center of the plat-
form on the center of the computer screen, as visual feed-
back. For familiarization, practice on the platform for 1 min
was allowed. Subject was asked to hold her arms across her
chest during the tests. Three subsequent tests were per-
formed and the best balance score obtained was recorded
for analyses.

Exercise training

After completion of initial measurements of balance, post-
menopausal women with osteoporosis attended the sub-
maximal aerobic exercise program on treadmill, lasting for
30 min, twice a week for 4 weeks. Maximal exercise toler-
ance test (Bruce protocol) was performed on the preceding
day of the exercise program. Maximum heart rate is calcu-
lated by the formula (220 ¡ age). the submaximal aerobic
exercise training was prescribed as 60–85 of maximum
heart rate. On the day after the end of the exercise program,
exercise tolerance test and balance tests were repeated. Bal-
ance tests were performed before the exercise tolerance test
to avoid the negative eVects of fatigue on postural balance.

Postmenopausal women without osteoporosis did not
attend the exercise classes. Balance tests of postmenopausal
women without osteoporosis were repeated approximately
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4 weeks after the initial measurement to determine whether
there were any practice eVects of the testing procedures.

Statistics

Statistical analyses were performed using SPSS 10.0 for
Windows Package Program. Balance scores of two groups
were recorded as mean and standard deviation. Mann Whit-
ney-U test was used for comparison of balance scores
among groups. Chi-square test was used for comparing the
nominal variables among groups. Pearson correlation test
was used to assess the relationships between balance scores
and age. Wilcoxon test was used to compare the balance
scores measured before and after exercise program. Statisti-
cal signiWcance was established at the “P < 0.05” level.

Results

Mean age of 53 women was 55 (43–73) years. Mean, mini-
mum and maximum values of age, height, weight and body
mass indices of two groups are shown in Table 1.

Frequencies of other risk factors that might aVect bal-
ance were not signiWcantly diVerent among the two groups;
fall history within the previous year (17.9 and 20.0%, P >
0.05, �² = 0.04), use of antidepressants (7.1 and 12.0%,
P > 0.05, �² = 0.4) and antihypertensives (25.0 and 36.0%,
P > 0.05, �² = 0.8).

Scores of anxiety, depression and MMSE were similar
among the groups (anxiety scores were 7.5 § 2.3,
7.0 § 2.9; depression scores were 6.1 § 2.6, 7.0 § 2.4;
MMSE scores were 28.6 § 2.4, 28.2 § 1.2 for groups 1
and 2, respectively, P > 0.05).

Table 2 shows the balance scores obtained from balance
test on KAT and other functional balance tests (TUG, FSS,
and BBS). There was no statistically signiWcant diVerence
in balance scores among the groups (P > 0.05).

There was a signiWcant correlation between age and all
balance scores (P < 0.001 and r = ¡0.63 with BBS;

P < 0.05 and r = 0.35 with KAT; P < 0.05 and r = 0.42
with TUG; P < 0.05 and r = 0.33 with FSS).

Twenty-six postmenopausal women in the study group
completed the exercise program lasting for 4 weeks. One
subject failed to complete the program because of musculo-
skeletal injury and the other never attended without provid-
ing any excuse. Table 3 demonstrates the initial and Wnal
balance scores in the postmenopausal women. Duration of
exercise tolerance test was signiWcantly increased after
exercise program (6.9 § 1.8 vs. 9.1 § 1.7 min, P < 0.001).
There was statistically signiWcant improvement in all bal-
ance scores in the study group after the completion of the 4-
week aerobic exercise program, whereas no statistically
signiWcant diVerences were noted in the control group.

Discussion

We found that low bone mineral density did not modify
the balance and a 4-week submaximal aerobic exercise

Table 1 Distribution of age, height, weight and body mass indices
among groups

SD, Standard deviation; Group 1, postmenopausal women with osteo-
porosis; Group 2, postmenopausal women without osteoporosis

Group 1 (n = 28)
Mean § SD

Group 2 (n = 25)
Mean § SD

P value

Age (years) 56.3 § 6.4 53.1 § 7.6 >0.05

Height (cm) 158.2 § 5.8 160.3 § 7.4 >0.05

Weight (kg) 65.5 § 10.0 70.7 § 13.4 >0.05

Body mass 
index (kg/m²)

26.3 § 4.8 27.5 § 4.5 >0.05

Table 2 Balance scores of groups

SD Standard deviation, SBI static balance index, TUG timed up and go
test, FSS four square step test, BBS Berg balance score, s second

Group 1, Postmenopausal women with osteoporosis; Group 2, post-
menopausal women without osteoporosis

Group 1 (n = 28)
Mean § SD

Group 2 (n = 25)
Mean § SD

P value

SBI 285.5 § 113.4 273.2 § 111.6 >0.05

TUG (s) 7.1 § 0.7 6.9 § 1.2 >0.05

FSS (s) 9.3 § 1.0 8.9 § 1.1 >0.05

BBS 53.8 § 1.6 54.1 § 1.5 >0.05

Table 3 Statistical comparison of initial and Wnal balance scores of
postmenopausal women

SBI static balance index, TUG timed up and go test, FSS four square
step test, BBS Berg balance score

Group 1, Postmenopausal women with osteoporosis; Group 2, post-
menopausal women without osteoporosis

Initial
Mean § SD

Final
Mean § SD

P value

Group 1 (n = 26)

SBI 286.7 § 116.6 231.6 § 87.8 0.007

TUG (s) 7.1 § 0.6 6.2 § 0.8 <0.001

FSS (s) 9.4 § 1.0 8.7 § 0.9 <0.001

BBS 53.8 § 1.6 54.7 § 1.0 <0.001

Group 2 (n = 25)

SBI 273.2 § 111.6 267.6 § 100.7 >0.05

TUG (s) 6.9 § 1.2 6.8 § 1.2 >0.05

FSS (s) 8.9 § 1.1 8.8 § 1.2 >0.05

BBS 54.1 § 1.5 54.2 § 1.5 >0.05
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program signiWcantly improved the static and dynamic bal-
ances in postmenopausal women with osteoporosis.

Incidence of falls increases with advancing age. Most of
the elderly persons who fall, experience complications like
fractures, soft tissue injuries, limited mobility and fear of
falling, all of which aVect independence and quality of life
[1]. Prevention programs for falls require identifying the
risk factors of falls. Falls are related to numerous risk fac-
tors and fall risk is directly proportional to the number of
the risk factors present.

Postural imbalance is a major risk factor for falls. Ngu-
yen et al. [10] found that bone mineral density, postural
sway and quadriceps strength were the important indicators
of falls. Lord et al. [11] showed that eyes closed postural
sway, reaction time, lower limb proprioception and strength
of ankle dorsiXexors were signiWcantly diVerent between
multiple fallers and nonfallers. Wolfson et al. [13] reported
that the decline in balance ability in the elderly was most
probably related to loss of strength in lower extremity and
decline in sensorimotor functions. Our study also conWrmed
that advanced age is an important factor for impairment
of balance. Women are more prone to falls than men.
Although there is no gender diVerence for falls in advanced
age, the incidence of falls is higher in middle–late aged
women when compared to men of the same age [4]. Crilly
et al. [4] reported that fall incidence starts increasing during
menopause and this increase may be related to the eVects of
hormonal changes on postural stability. Another study also
showed that the fall risk increased during perimenopausal
period [14]. Nitz et al. [15] investigated the mediolateral
balance changes in women aged between 40 and 80 years
and found that there was a signiWcant decline in mediolat-
eral balance ability in ages of 40–60 years, which corre-
spond to menopausal period. Estrogen withdrawal after
menopause leads to slowing of speed of information pro-
cessing in brain. This change is especially important for
postural stability which depends on identifying sensory
input and initiating appropriate physical response [5]. It is
believed that hormon replacement therapy (HRT) might
modify the changes observed in muscle mass and strength
during the perimenopausal period [16, 17]. Naessen et al.
[18] showed that postmenopausal women who were taking
estrogen pills for long periods had better postural balance
than women who were not. This eVect of estrogen on pos-
tural balance is most probably related to the eVects on neu-
ronal transmission in central nervous system. Besides
central eVects, long-term estrogen replacement therapy pro-
tects elements of connective tissue and muscle strength,
upgrades quality of life and emotional state of women and
these eVects are believed to ameliorate postural balance
function indirectly [19]. Therefore, in this study we
assessed women in postmenopausal period in whom the fall
risk tends to increase.

It is a well-known fact that inactivity is a disrupting fac-
tor for postural control. Many studies reported that physical
activities and sports improved postural performance [20,
21]. Aging and sedentary life cause diminution of muscle
mass (sarkopenia) and strength. Sports and being physically
active might prevent or delay these changes. Increased
physical activity is related to better muscle strength, reac-
tion time, balance and coordination and all these help to
prevent falls and fall-related fractures [22]. Perrin et al. [21]
found that physically active elderly persons had better pos-
tural control than inactive peers. Since it was shown that
balance ability was not diVerent in individuals who started
sportive activities later in life and in individuals who never
gave up sports, it is essential to prescribe physical activity
to elderly persons who were previously sedentary [21].
Physically active individuals regulate somatosensory inputs
more eYciently and this leads to better balance control.
Proprioception and sensory inputs originating from plantar
surface of the foot are important systems for maintenance
of balance. Physical activity provides more eVective pos-
tural adaptation via increasing susceptibility to these stim-
uli [21].

A variety of exercise programs are developed to improve
balance and prevent fall risk in elderly persons with osteo-
porosis. Exercise can decrease the risk of fracture in osteo-
porotic individuals by protecting bone mineral density and
more importantly by decreasing the fall risk via improve-
ment in postural stability [23]. Studies also showed that
exercise might ameliorate the risk factors for balance
impairment and falls, although type, intensity, frequency
and duration of exercise are not uniform in these studies.
Heinonen et al. [24] reported that plyometric exercise pro-
grams (jumping, step, etc.) for 18 months increased bone
mineral density of lower extremity and axial skeleton that
was bearing weight and also improved the muscle strength
and dynamic balance in premenopausal women. High-
velocity movements in plyometric exercises are believed to
increase the speed of body movements and reXex time and
hence improve balance, coordination, reaction time, motor
skills and muscle strength.

Shaw and Snow [25] found that weight bearing resistive
exercises lasting for 9 months signiWcantly increased
muscle strength of lower extremity and lateral stability in
postmenopausal women aged 50–75 years. Lord et al. [26]
also showed that a 12 month-exercise program consisting
of strengthening, balance and coordination exercises improved
quadriceps muscle strength and postural sway in elderly
women.

The eVects of aerobic exercise on balance and prevention
of falls are intensely investigated in postmenopausal elderly
women. Shigematsu et al. [27] reported that a 3 month-aero-
bic exercise program of dancing improved balance and
mobility in elderly women. We supported these reports and
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showed that even a short duration submaximal aerobic exer-
cise (4 weeks, twice a week) program signiWcantly improved
static and dynamic balances in postmenopausal women.

The duration of the exercise training programs aiming at
decreasing the propensity for falling in the elderly women
seems to be at least 3 months or longer. Carter et al. [23]
showed that an exercise program lasting for 20 weeks, aim-
ing to develop posture, gait, balance, coordination, hip and
trunk stabilization in osteoporotic women improved the
strength of knee extension, which is an independent factor
of dynamic balance and falls. However, in another study by
the same authors 10-weeks exercise program did not sig-
niWcantly modify the strength of knee extension, and the
static and dynamic balances in osteoporotic women and it
was stressed that the length of the exercise program might
be insuYcient to change the fall-risk proWle in women with
osteoporosis [28]. On the other hand, Mills [29] showed
that 8 week-duration low intensity aerobic exercise
improved the balance by 22% in the elderly. Incongruous
results obtained from diVerent studies might possibly arise
from the diVerences of the type, duration, intensity and fre-
quency of the exercises. Our study showed that the rela-
tively short duration aerobic exercise (4 weeks, twice a
week) program signiWcantly improved balance scores in
postmenopausal women when compared with the control
group. Nevertheless, this improvement in balance function
does not warrant prevention of falls. The eVects of exercise
on falls and fractures should be investigated prospectively
to make an accurate conclusion. Length of our study is very
short to make an interpretation about eVects of exercise on
falls, so studies with longer periods are needed. On the
other hand, persistence of improvements in balance ability
can be maintained by exercise regularity. Exercise should
be a part of life in postmenopausal women to prevent falls
and fall related fractures.

Most of the studies on balance and falls analyze elderly
persons at high risk [3, 11, 12, 20, 22, 26, 27, 29]. How-
ever, not only physically dependent subjects, but also inde-
pendent individuals need to be protected from falls and
maintain their functional abilities. Independent individuals
will also experience decline in physical capabilities and
functions as their age advances, so the target population of
rehabilitation should also be individuals at younger age
group. We also studied women who were younger (mean
age: 56 years) and functionally more capable (mean Berg
balance score: 53.8) compared to other studies. As signiW-
cant improvement in balance and functions is observed
after exercise in younger and functionally independent
women, exercise should be an important part of manage-
ment strategies aiming to improve balance and prevent falls
and hence, fractures in this age group.

In conclusion, this study shows that the balance abilities
of postmenopausal women with osteoporosis were not

diVerent from that of postmenopausal women without
osteoporosis, in other words osteoporosis did not modify
balance. Balance proved to be correlated with age consider-
ing all the subjects in two groups. A 4 week-submaximal
aerobic exercise training program provided signiWcant
improvements in static and dynamic balances in our post-
menopausal osteoporotic women.
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