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ARTICLE INFO ABSTRACT

Background: Weight-bearing exercises provide an effective way to stress important sites of bones
enhancing the improvement of bone mineral density. The purpose of this study was to investigate the
effect of Weight-bearing Exercise for Better Balance program on bone mineral density in
postmenopausal females with osteopenia.
Methods: Twenty-four postmenopausal females with osteopenia were randomly assigned into two
equal groups; experimental and control. The Weight-bearing Exercise for Better Balance program was
performed by the experimental group while the control group didn’t receive any treatment. Bone
mineral density T-scores were measured for all participants in both groups by the dual energy x-ray
absorptiometry scan of spine. Measurements were done twice before and after six weeks of the
program.
Results: There was no statistically significant difference in the post testing mean values of bone
mineral density T-scores compared with the pre testing ones in the experimental group. Also, there
was no statistically significant difference in the post testing mean values of bone mineral density T-
scores between the two tested groups.
Conclusions: Six weeks of Weight-bearing Exercise for Better Balance program are not enough to
produce significant effects on bone mineral density in postmenopausal females with osteopenia. Trial
registeration: PACTR201602001478123.
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INTRODUCTION

Osteoporosis is a chronic progressive disease characterized by
low bone mass leading to deterioration of bone tissue and
increased risk of fracture. Primary osteoporosis results from
age-related changes in which imbalance in the activity of
osteoblasts and osteoclasts occurs producing bone loss (Parfitt,
2002; Mauck and Clarke, 2006). Secondary osteoporosis
results from secondary causes including; chronic medical
conditions, nutritional deficiencies, and medications (Mauck
and Clarke, 2006). Osteopenia is a condition of decreased bone
mineral density (BMD) and is analogous to prehypertension, so
it is the precursor to osteoporosis (Chobanian et al., 2003). To
prevent fracture related morbidity and mortality, osteopenia has
to be managed (Cummings and Melton, 2002). Dual energy x-
ray absorptiometry (DEXA) scans are used for BMD screening
(Nordin, 2011). The world health organization (World Health
Organization (WHO), 2003) categorizes BMD according to the
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number of standard deviations above or below the normal mean
for young adults as follows; normal BMD: T-score equals -1 or
higher, osteopenia: T-score is between -1 and -2.5, and
osteoporosis: T-score equals -2.5 or less. Griffith and Genant
(2008) illustrated that bone strength depends on a number of
interrelated factors, including the amount of bone tissue size
and mass and the intrinsic properties of the bone material;
porosity, matrix mineralization, collagen traits, and micro-
damage. Small changes in bone mass distribution either cortical
or trabecular and bone geometry that contributes to a greater
bone cross section lead to large increases in bone strength
independent of increases in BMD (Jarvinen et al., 2005). It was
proved that training is an effective method for preventing falls
in elderly people, by improving BMD and bone health,
especially when the strength and balance exercises are
combined (Halvarsson et al., 2015). There is also evidence that
aerobic exercise, load-lifting and resistance training have
positive effects on both spine and hip BMD in postmenopausal
elderly. Moreover, Madureira et al. (Madureira et al., 2010)
observed that balance training program significantly improves
quality of life, overall health and balance performance with
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reduced risks of falling. During physical activity, mechanical
forces can be exerted on bones throughout the ground reaction
forces and the contractile activity of the muscles, resulting in
maintenance or gain of bone mass (Vieira, 2013; Moreira et al.,
2014). Additionally, exercise program that aims at improving
flexibility, body balance, muscle power of lower extremities,
and walking ability reduces the incidence of falls in the elderly
(Iwamoto et al., 2009). Therefore the main goal of the current
randomized study was to examine the effect of six weeks of
specific weight-bearing program called weight-bearing exercise
for better balance (WEBB) program on BMD in
postmenopausal females with osteopenia.

MATERIALS AND METHODS

Design

This was a randomized pre-test post-test controlled trial with
concealed allocation. The principal investigators randomly
assigned the eligible females to an experimental group or a
control group, according to a computer-generated random
assignment list and applied the WEBB program to the
experimental group. A specialized radiologist who measured
the BMD T-scores via DEXA scans was blinded to group
allocations and was neither present during group allocation nor
during performing the program. Also, the principal
investigators were blinded from measuring BMD for all
participants of both groups.

Participants

Twenty-four postmenopausal females with osteopenia
volunteered to participate in this study. All participants were
recruited from a group of females admitted to El-Haram
Hospital, Giza, Egypt to assess their BMD through DEXA
scans. They were randomly assigned into two equal groups of
12; experimental and control. The BMDT-scores were
measured for all participants in both groups before and after
six weeks of the WEBB program, which was only performed
by the experimental group. The inclusion criteria included;
Postmenopausal females aging from 50 to 60 years. The mean
± standard deviation (SD) of age, body mass, and height of the
experimental and control groups were represented in table1.
All participants were diagnosed with osteopenia; T-score value
between -1 and -2.5 SD of the normal mean value of young
persons of same sex. All participants didn’t participate in
sports or athletic activities.

Procedures

Before starting the study procedures, a pilot study was
conducted to determine the appropriate sample size. Power
analysis was done at a significance level of 5% and a test
power of 80%. It revealed that a minimum of nine participants
for each group were required and the total required sample size
was 18. The total assessed number of participants was 78,
while the 54 participants, who didn’t meet the inclusion criteria
or declined to participate or any other reason were excluded
from the study. Only twenty-four participants met the inclusion
criteria and were included in the study. This sample size
achieved 93% power of significance. Once allocated to the
groups, none of the patients dropped out of the study as
represented in Figure 1. The participant’s personal data were
collected. The data included the participant’s name, age,
address, body mass, height, and phone number. The nature of

the study, aims, and procedures were explained to the
participants before starting measurement to be familiar with
the study. To measure BMD, central DEXA scans of the
lumbar spine (Lewiecki et al., 2008) were done for all
participants before and after six weeks of the program by a
specialized radiologist. After the pre-test, the WEBB program
was performed by the experimental group while the control
group didn’t receive any treatment.

Weight bearing exercise for better balance (WEBB) program

The WEBB program has been developed from a systematic
review, which established that exercise challenging balance is
the key feature of successful exercise programs for the
prevention of falls in older people. It includes awarm-up
exercise, coordination (balance) exercises and strength/
coordination exercises. Each exercise has several levels of
difficulty. The WEBB program in the current study was done
five times per week for six weeks. Repetitions of each exercise
of the WEBB program were increased gradually according to
the patient’s tolerance. The program included; 1- warm-up
exercise, 2-standing with a decreased base exercise, 2-stepping
in different directions exercise, 3-sit-to-stand (squatting)
exercise, 4-heel raising exercise; and 5-forward and lateral
step-up exercises (Sherrington et al., 2008). The warm-up
exercise was performed at the beginning of the program by
high stepping on a spot for 10 seconds five times in each limb
alternatively. It also enhances strength and coordination.
Standing with a decreased base exercise was done bilaterally in
the following graduation; 1) Feet together and level, 2) Semi-
tandem stance, 3) Tandem stance, and 4) Standing on one leg.
Each graduation was done for one minute and repeated in each
limb 10 times in the first two weeks of training, 15 times in the
second two weeks of training, and 20 times in the third two
weeks of training. Stepping in different directions exercise was
done bilaterally in the following graduation; 1) Long step of
narrow base of support; by asking the participant to take a long
step as much as possible with a minimum base of support
width of five cm and maintain this position for one minute 2)
Stepping forward over an object, and 3) Stepping sideward
over an object; the participant took a step forward and
sideward over an object of graduated height. The object height
was 15 cm in the first two weeks of training, 20 cm in the
second two weeks of training, and 25 cm in the third two
weeks of training. Each graduation was done for one minute
and the graduations were repeated in each limb 10 times in the
first two weeks of training, 15 times in the second two weeks
of training, and 20 times in the third two weeks of training. Sit-
to-stand (squatting) exercise was done in the following
graduation; 1) Bilateral squatting with hand assistance, 2)
Eliminating hand assistance to push off by crossing arms
across chest, and 3) Unilateral squatting. The graduations were
repeated 10 times in the first two weeks of training, 15 times in
the second two weeks of training, and 20 times in the third two
weeks of training. Heel raising exercise included bilateral and
unilateral heel raising exercises.

They were performed 10 times in the first two weeks of
training, 15 times in the second two weeks of training, and 20
times in the third two weeks of training. Each repetition lasted
five seconds as represented in Figure 6. Forward and lateral
step up exercises were performed over a height of 15 cm for 10
repetitions in the first two weeks of training, 20 cm height for
15 repetitions in the second two weeks of training, and finally
progressed to 25 cm height for 20 repetitions in the third two
weeks of training.
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Outcome

T-scores of BMD were the measured outcome of the current
study obtained by central DEXA scans of lumbar spine. T-
score was first introduced in the late 1980s and expresses a
patient’s BMD measurement by taking the difference between
the measured BMD and the mean BMD for a healthy young
adult and expressing the result in units of the young adult
population SD. It is the primary diagnostic value for
osteoporosis in older adults. The BMD results can also be
expressed as a Z-score by using healthy age-matched reference
BMD and SDs. The Z-score is primarily used to diagnose low
bone mass in young adults and children. Given these
definitions, there is a frequent presumption that the T- and Z-
scores should be closely similar or identical for younger
populations (Blake and Fogelman, 2007).

Statistical analysis:

The data were analyzed using the statistical package for social
sciences (SPSS) for Windows, version 20. Data exploration
was done to assess normality. Shapiro-Wilk tests, frequency
distribution curves, and box plots revealed normal distribution
of data. Therefore, parametric statistics using two way mixed
design Analysis of Variance (ANOVA) was conducted to test
the effect of the program on BMD T-scores before and after
the program and between the two tested groups. The limit for
statistical significance was set at 0.05.

RESULTS

There were no significant differences in baseline demographic
data between groups as shown in Table 1. Two way mixed
design ANOVA was conducted in the current study to test the
effect of WEBB program on BMD T-sores before and after six
weeks of the WEBB program in both experimental and control
groups. Also, it was used to compare the results between the
two tested groups. The Levene’s Test of Equality of Error
Variance was insignificant indicating homogeneity between
groups. Also, Mauchly's Test of Sphericity was insignificant
indicating homogeneity of the within factor (testing time).

Table 1. Demographic features

Experimental
Group

Control Group t-value p-value

Age (years) 59.08 (±4.14) 58.58 (±3.92) 0.304 0.764
Body mass (kg) 92.50 (±11.80) 86.58 (±12.21) 1.207 0.240

Height (cm) 160.42 (±2.02) 159.33 (±1.72) 1.413 0.172

Two-way mixed design (ANOVA) revealed no statistical
significant difference in the pre testing mean values of BMD
T-scores between groups (p > 0.05). In addition, no statistical
significant difference was detected in the post testing mean
values of BMD T-scores in both experimental and control
groups compared with the pre testing ones (p > 0.05).
Therefore, there was no significant difference in the post

Figure 1. Flow chart diagram of the study
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testing mean values of BMD T-scores between the two tested
groups (p > 0.05) as represented in Table 2.

Table 2. Descriptive and inferential statistics of BMD

T-score of BMD

Experimental group Control group
Mean ± SD Mean ± SD
Pre test Post test Pre test Post test
1.87 (±0.57) 2.04 (±0.69) 1.88 (±0.55) 1.99 (±0.55)
Multiple pairwise comparisons
Pre test vs. post
test

Experimental p = 0.425
Control p = 0.164

Experimental vs.
control

Pre test p = 0.865
Post test p = 0.956

DISCUSSION

The results of the current study showed that there was no
significant difference between the pre and post testing mean
values of BMD T-scores in both groups. Also, there was no
significant difference in the post testing mean values of BMD
T-scores between groups. This may be explained that the rate
of gain from exercises differ according to the age. Baxter-Jones
et al. (2011) stated that peak bone mass is reached in the
twenties of age, and from then onwards, bone resorption
predominates. In fact, Postmenopausal females have different
BMD responses to exercises than premenopausal females. It
was shown that premenopausal females significantly increased
their BMD in response to training while postmenopausal
females didn’t (Magkos et al., 2007). Snow et al. (2000)
explained this view that postmenopausal females require longer
periods of intervention and higher loads because they are in a
period of accelerated bone loss. Regular physical exercise has
numerous benefits for individuals of all ages. There is strong
evidence that physical activity early in life contributes to higher
peak bone mass. Physical activity during early age is more
strongly associated with higher Bone Mineral Density at all
sites than physical activity in later years. However, it is clear
that exercise late in life can increase muscle mass and strength
twofold or more in frail individuals. It will also improve
function, delay loss of independence, and improve quality of
life (Ulrich et al., 1999). Despite reports that BMD is a good
predictor of population fracture risk (Kanis et al., 2008), it was
indicated that up to 80% of all low-trauma fractures occur in
individuals who are not osteoporotic but have normal or
reduced BMD; osteopenia. This finding highlights the
limitations of DEXA to provide accurate measures of BMD or
its ability to give relevant information about the major
determinants of bone strength, such as the size, shape and
structure of bone. Kelly and Kelly (Kelley and Kelley, 2004)
illustrated that regular physical activity, including aerobic,
weight-bearing, and resistance exercises, is effective in
increasing BMD of the spine and strengthening muscles in
postmenopausal females, but there are few trials establishing
whether these interventions reduce the fracture risk. In the
same context, small changes in bone mass distribution, cortical
and trabecular structure, and bone cross-section leads to large
increases in bone strength independent of significant changes in
BMD (Sievanen, 2000; Jarvinenet al., 2005). Another
important explanation for the insignificant improvement of
BMD may be the insufficient training period. Six weeks of
weight-bearing program may be not long enough to produce
the significant difference in BMD. The total time of bone
formation at bone multicellular unit is four to six months long
(Bemben et al., 2000). This explains the opposing results of a

study conducted by Kato (2005) who achieved a significant
increase in BMD following six months jump training in the
experimental group compared to the control group. The
significant increase in BMD in that study may not only be due
to long training period but also due to conducting a study on
young female college students and applying another type of
weight-bearing program. In the same context, many other
studies supported the idea of effective long period training
program. Kemmler et al. (2003) conducted a two-year study to
evaluate the effect of strength, high-impact, and endurance
exercises on bone BMD among postmenopausal females with a
history ofosteopenia.Results of that study opposed the results
of the current study. An increase of spine BMD by 1.3% in the
experimental group and a decrease in the spine BMD of the
control group 1.2% were obtained. Accordingly, it was
concluded that females who are postmenopausal with
osteopenia would likely benefit from a less frequent but longer
period of intervention with an emphasis on monitoring and
adjustment of the exercise prescription to make effective
changes for increasing bone mass or preventing bone loss.

Surprisingly, Warren et al. (2008) obtained results that don’t
support the idea of the effect of training period on BMD. A
two-year randomized controlled trial that included 164 healthy
premenopausal females was conducted. The researchers
evaluated the effectiveness of a twice-weekly strength training
intervention on BMD. They found that the two years strength
training program in the intervention group did not affect BMD
in the lumbar spine or proximal femur. While, the control
group displayed a 1.5% decrease in BMD. The insignificant
effect on BMD in the experimental group in that study may be
attributed to the type of exercise which didn’t focus on weight
bearing. Also, it was reported that a relatively brief but
strenuous physical stress exercise is indicated to be a good
stimulus for increasing BMD. Because an adaptive response
occurs only when a loading stimulus exceeds the usual loading
conditions, continued adaptation requires a progressively
increasing overload (Kato, 2005). In the current study, the
intensity of exercises of the WEBB program was increasing
gradually in a short training period according to patients’
tolerance (Sherrington et al., 2008) and this may be not
strenuous enough to stimulate bone formation. Studies have
suggested that combining medical treatment such as anabolic
or anti-resorptive agents with physical activity may slightly
increase bone mineral density as compared with monotherapy
(Greenspan et al., 2003). In 2002, synthetic parathyroid
hormone was the first approved anabolic agent for the
treatment of postmenopausal osteoporosis. Unlike
antiresorptive agents, parathyroid hormone stimulates bone
remodeling by increasing bone formation. In a large
randomized trial involving postmenopausal females with
severe osteoporosis, 20 μg of parathyroid hormone per day
administered subcutaneously markedly increased bone mineral
density and reduced vertebral and non-vertebral fractures by
more than 50 percent (Neer et al., 2001). Exercise during the
later years in the presence of adequate calcium and vitamin D
probably has a modest effect on slowing the decline in BMD
(Ulrich et al., 1999).

Conclusion

It can be concluded from the current study that sufficient
training period is required to gain improvements in bone BMD.
The role of the WEBB program may be revealed by increasing
the training period as much as possible. Future studies about

42256 Azza Mohammed Abd Elmohsen et al. Weight-bearing exercises and bone mineral density in postmenopausal osteopenia: A randomized controlled trial



the effect of long training period of the WEBB program on
BMD are needed to cover the gap in this area and to accurately
know the optimal training period needed for this program to
obtain the preferred results. Also, generalization of the study
to patients with osteoporosis as well as males suffering from
osteopenia and/or osteoporosis has to be done in the future
studies to obtain full results about this area of research.
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