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Abstract Forty-eight community living women 66–87
years old volunteered to participate in a 12-month
prospective, randomized, controlled, trial. The aim
was to determine if a combined weight-bearing train-
ing program twice a week would be beneficial to bone
mineral density and neuromuscular function. The
participants were pairwise age-matched and randomly
assigned to either an exercise group (n=24) or a
control group (n=24). Twenty-one subjects in the
intervention group and 19 in the control group com-
pleted the study. The exercise program lasted for
50 min and consisted of a combination of strength-
ening, aerobic, balance and coordination exercises.
The mean percentage of scheduled sessions attended
for the exercise group was 67%. At the completion of
the study, the intervention group showed significant
increments in bone mineral density of the Ward’s tri-
angle (8.4%, P<0.01) as well as improvement in
maximum walking speed (11.4%, P<0.001) and iso-
metric grip strength (9.9%, P<0.05), as compared to
the control group. The conclusion was that a com-
bined weight-bearing training program might reduce
fracture risk factors by improving bone density as well
as muscle strength and walking ability. This program
could be suitable for older community living women
in general, and might, therefore, have important im-
plications for fracture prevention.
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Introduction

Most studies on osteoporosis have indicated an
increasing incidence in Europe and North America
during the past 30–40 years [1, 2]. Also, the age-ad-
justed incidence has increased [3]. The reasons for this
are unknown, but genetic or environmental factors,
including the habitual level of physical activity, might
contribute to the increasing incidence [4].

The impact of osteoporosis lies in the associated
fractures, which cause great suffering and reduced
quality of life for the affected individuals [5]. The frac-
tures are also associated with high costs for society [6].
Low bone density is thought to be the single most
important risk factor in the development of fragility
fractures, but neuromuscular impairment such as re-
duced muscle strength, impaired gait and balance [7, 8],
as well as physical inactivity and a sedentary lifestyle,
have been suggested to contribute to the increasing risk
[9, 10, 11].

Most previous intervention studies have been per-
formed on premenopausal and younger postmeno-
pausal women and have suggested that exercise or
physical activity might increase bone mass [12, 13, 14,
15]. However, there are only a few randomized studies
on women with a mean age above 70 years. One study
[16] examined the effect of weight-lifting training,
and another study [17] investigated the effect of a
weight-bearing program, including strengthening,
coordination and balance exercises, where, though,
the emphasis was on social interaction and
enjoyment. Those studies did show significant
improvements in muscle strength but not in bone
mineral density.
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The aim of this study was to investigate whether a
combined weight-bearing training program, containing
strengthening, aerobic, balance and coordination exer-
cises but no jumping activities, is suitable for older
community living women in general and to determine
the effects of the program on bone mineral density,
muscle strength, gait, and balance.

Materials and methods

Subjects

In order to recruit volunteers for a prospective, ran-
domized controlled trial, an informative lecture was gi-
ven at the University for the Elderly in Umeå, Sweden.
A study invitation was also sent to a group of women
who were born in 1920 and who had already partici-
pated in a previous study called U-70. A total of 56
community living women 66–87 years old volunteered to
take part in the present study. Exclusion criteria were
dementia, current smoking, current hormone replace-
ment therapy (HRT), and use of a walking aid. The
subjects underwent a medical examination carried out
by a physician as well as assessment carried out by a
physiotherapist. All individuals who reported cardio-
vascular disease, or functional disability, of a degree that
would contraindicate physical exercise were then ex-
cluded. A total of eight volunteers were excluded, due to
HRT (n=1), tamoxifen treatment (n=1), heart disease
(n= 4), and smoking (n=1), and one person changed
her mind and did not want to participate, leaving 48
subjects in the study.

The participants were pairwise age-matched and
randomly assigned to either an exercise group (n=24) or
a control group (n=24). Twenty-one subjects in the
intervention group and 21 in the control group com-
pleted the study (baseline characteristics are presented in
Table 1). The other participants dropped out, from the

intervention group because of dementia (n=1), heart
failure (n=1), and unspecified knee pain (n=1), and
from the control group because of lack of interest
(n=2); one person in the control group died. Two other
subjects in the control group started to participate on a
regular basis in another aerobics class during the study
period and were therefore excluded, leaving 19 subjects
in the control group for the statistical analyses. All
subjects included in the study were assessed twice, first at
baseline prior to the start of the exercise program and
then at the follow up visit after completion of the 1-year
training program. None of the subjects used any medi-
cation known to affect bone metabolism, nor did they
have any endocrinological diseases or bone diseases.
Informed consent was obtained from all subjects.

The Ethics Committee of the Medical Faculty, Umeå
University, approved the study.

Assessments

Bone mineral density measurements

Bone mineral density (BMD; in grams per square cen-
timeter) of the total body, percent fat, fat mass, and lean
body mass were measured before and after the inter-
vention. A dual-energy X-ray absorptiometer (DXA),
Lunar DPX-L, software version 1.3y (Lunar Co., Wis.,
USA) was used. The BMD of the head and arms was
derived directly from the total body scan, whereas the
BMD of the right femoral neck, trochanter major (tro-
chanter), Ward’s triangle (Ward’s), and lumbar spine
BMD were derived by means of the femur software and
lumbar software, respectively. T-scores, defined as the
number of standard deviations from reference means of
young adults, were calculated by means of the results of
the bone measurements. To minimize inter-observer
variation, the same investigator carried out all analyses.
In our laboratory the coefficient of variation (CV-value)
(standard deviation/mean) for repeated measurements

Table 1 Anthropometric data, dietary intake, and daily activity scores at baseline and follow up

Characteristic Exercise group Control group

Baseline Follow-up Baseline Follow-up

Age (years) 72.8±3.6 73.2±4.9
Age at menopause (years) 48.1±3.3a 50.4±2.7
Height (cm) 162.0±6.3 161.3±6.6 160.5±5.8 160.3 ±5.7
Weight (kg) 66.9±8.7 67.1±9.4 67.7±8.5 67.8±8.5
BMI (kg/m2) 25.2±2.7 25.5±2.7 26.1±3.2 26.4±3.4
Fat mass (kg) 25.2±6.7 26.6±7.5** 25.7±6.1 26.9±6.6***
Lean body mass (kg) 38.6±3.2 37.2±3.7* 38.8±3.3 37.6±3.4*
Food intake
Vitamin D (lg/day) 5.64±2.47 6.12±3.76 5.00±2.73 6.75±4.63
Calcium (mg/day) 1,100±394 1,009±284 970±444 881±305
Kcal/day 1,922±578 1,805±362 1,605±412 1,592±517

Frändin activity (summer) 4.00±0.31 4.05±0.22 3.90±0.46 4.00±0.33
Frändin activity (winter) 3.95±0.38 4.05±0.22 3.84±0.50 4.00±0.33

*P<0.001, **P<0.01, ***P<0.05 (intra-group differences)
aP<0.05 (inter-group differences)
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was estimated at 0.7% (total body), 2.2% (head), and
1.0% (arms). CV-values for the femur and spine soft-
ware were 0.8% (neck), 1.2% (Ward’s), 1.5% (tro-
chanter), and 0.6% (lumbar spine). CV-values for
percent body fat, fat mass, and lean body mass were
3.9%, 2.6%, and 0.9%, respectively.

Clinical measurements

Height and weight were measured with standard
equipment, with the subjects in stocking feet and
underwear. Body mass index (BMI) was calculated as
weight (in kilograms)/height (in meters)2.

Dietary intake

Total dietary intake, including total energy (in kiloca-
lories), calcium (in milligrams), vitamin D (in micro-
grams), and the use of vitamin and mineral supplements
were estimated on a complete 3-day dietary record at
baseline, and at the follow-up visit. The food composi-
tion was calculated with MATS software (MATS pro-
gram, version 4.0. Västerås, Sweden: Rudans Lättdata
1997).

Assessment of physical activity

The level of physical activity during the summer and
winter seasons was estimated separately according to the
Frändin–Grimby activity scale [18]. The subjects were
also asked to report how many minutes they spent
walking briskly every week.

Isometric strength of leg extensors

Isometric muscle strength of the knee extensors was
measured (in Newtons) with a tensiometer (Gossen,
Sweden, no 12016) with the test person sitting on a table.
The equipment was marked in kilograms, with a preci-
sion of 0.5 kg, which corresponds to 4.9 N. Hip and
knee were kept in 90� flexion, determined by a goni-
ometer. The subjects were instructed to perform three
maximal isometric contractions with their right legs,
with 30 s of rest between each contraction. The highest
value was used for the statistical analyses.

Isometric grip strength

Isometric grip muscle strength was also measured (in
Newtons), with the same tensiometer as above, with the
subjects sitting with their arms fixed and elbow angles in
90� flexion and semi-pronation throughout the test.
Shoulders were in a 0� flexion angle. The subjects were
instructed to grip maximally, and three maximal at-
tempts with their dominant arms were recorded, with
30 s rest in between. The highest value was used for
further analyses.

Maximum walking speed

The subjects were initially asked to walk 30 m along a
walkway at normal speed and then told to walk the same
distance as fast as possible without running. A timer was
started at commencement and stopped when the trunk
of the subject reached the finishing line. Time was reg-
istered to one decimal place of a second [19].

Balance

We determined standing balance by timing each partic-
ipant as she stood on one leg with her eyes open. The
subjects were allowed to choose which leg they wanted
to use, and the maximum time was set at 120 s. Two
attempts were allowed, with 1 min of rest between, and
the best time was recorded. The same leg was used at the
follow-up test 1 year later. Balance was also assessed
with the Berg Balance Scale [20].

Intervention

Exercise program

The intervention group participated in a weight-bearing
exercise program twice a week for 12 months, with a 5-
week break during the summer vacation. The program
was accompanied by music, lasted for 50 min and was
supervised by a physiotherapist. The exercise program
consisted of a combination of strengthening, aerobic,
balance and coordination exercises, designed to load
bones with intermittent compressive forces, introducing
atypical and novel stress on the bone, which is known to
improve skeletal integrity [21], and improving neuro-
muscular function, the lack of which is associated with
falls and fractures. The program was preceded by
10 min of warming-up, followed by a mix of aerobic,
strengthening, balance and coordination exercises for
27 min. The program then ended with 11 min of cooling
down, stretching and relaxation.

During the aerobic exercises the subjects could
choose between walking and jogging and, thus, mainly
used the large muscle groups in their legs. The aerobic
exercises consisted of steps in different combinations and
directions, with coordinated arm movements. However,
in order to suit all subjects the exercises did not include
jumping activities. Aerobic capacity exercises were per-
formed for a total of 10 min divided into three sections
during the whole exercise session. During the strength-
ening section, legs, abdominal, and back muscles were
trained by means of body resistance only. Individually
assessed dumbells were used during the training of the
arms.

The strengthening exercise was performed for 2·8-12
repetitions for each muscle group and lasted for a total
of 12 min. Heavier dumbells were used, in a progressive
phase during the study time, to increase the intensity as
well as change the biomechanics conditions. Dynamic

1119



and static balance and coordination were trained
throughout the whole program but more intensively for
5 min of the program, with exercises such as one-leg
standing and more advanced coordinated steps. Making
more complex or faster coordinated movements in-
creased the intensity in the balance and aerobic exercise.
The difficulties in the balance exercise could also be in-
creased by decreasing the base of support. In order to
suit all participants, the intensity of the program was
self-paced and the subjects were allowed to rest if nec-
essary.

If participants missed out on a training session they
were advised to perform a home exercise program in-
stead. This program included brisk walking for 30 min,
squats with 3·10 repetitions, and training of hand grip
with a piece of T-foam for 3·15 repetitions.

Control group

The women in the control group were asked not to in-
crease their normal physical activity during the study
period. They were also interviewed after 6 and 12
months so that any changes in their exercise habits could
be monitored.

Statistical analysis

All data were analyzed with the SPSS package (SPSS,
Chicago, USA) for Macintosh. We used Student’s t-test
for independent samples to test for differences between

the control group and the exercise group. In order to
correct for different baseline values when analyzing the
inter-group significance of changes, we also performed
analysis of covariance (ANCOVA), by means of baseline
values as covariate [22]. Changes from baseline and over
the 12-month training period were evaluated with paired
t-tests.

Multiple regression models were adapted to analyze
the effect of the training activity in the presence of other
predictor variables. Possible interaction was examined
between training activity, age, weight, BMI, age at
menopause, weight loss before the study and baseline
values. Bivariate correlations were also measured, in the
respective groups, between the changes in outcome
variables and different explanatory factors. Pearson’s
coefficient of correlation was used for this. Results were
considered significant at the level of P<0.05. Power
calculations were done for BMD, muscle strength and
maximal walking speed. A sample size of 24 in each
group, a-level of 0.05 and standard deviation of 10%
gave 30% power to detect a 5% difference in change
between the two groups, as well as intra-group differ-
ences.

Results

Anthropometric data on exercisers and controls are
presented in Table 1.There was no significant difference
in total BMD between the groups at the beginning of the
study, but the BMD in the Ward’s triangle was signifi-
cantly lower in the exercise group at baseline. The initial

Table 2 Bone data and neuromuscular data at base line and follow up (BMC bone mineral content

Parameter Exercise group (n=21) Control group (n=19) Changes between
baseline and
1-year data
(intra-group)

P values and 95%
confidence intervals
for inter-group differ-
ences (counted on %
changes)

Mean ± SD Mean ± SD (%)

Base line Follow up Base line Follow up Exercise Control P 95% CI

BMC total body (g) 2,023.6±299.0 2,094.2±321.7 2,056.4±303.1 2,101.4±336.0 3.5* 2.2** 0.104 )0.3 to 3.1
BMD (g/cm2)
Total body 0.97±0.09 0.99±0.09 0.98±0.10 1.00±0.10 2.1* 2.0*** 0.622 )1.3 to 2.2
Arms 0.67±0.07 0.68±0.07 0.68±0.07 0.69±0.08 1.5*** 1.5*** 0.706 )1,9 to 2.8
Lumbar spine 0.97±0.18 1.00±0.21 0.95±0.15 0.96±0.15 3.1** 1.0 0.118 )0.4 to 3.4
Femoral neck 0.74±0.06 0.74±0.07 0.78±0.10 0.78±0.10 0.0 0.0 0.698 )3.8 to 2.6
Trochanter 0.63±0.07 0.67±0.08 0.68±0.11 0.70±0.11 6.3* 2.9*** 0.150 )1.2 to 7.3
Wards triangle 0.57±0.10b 0.60±0.11 0.64±0.10 0.62±0.12 5.3b )3.1 0.011 1.8 to 12.9

Hand grip (N) 261.13±41.57 280.57±40.79 284.19±38.98 277.03±51.71 7.4***b )2.5 0.047 0.2 to 21.9
Knee extension (N) 240.08±42.16 253.45±46.44 238.02±49.24 235.16±41.21 5.6 )1.2 0.161 )2.7 to 15.7
Maximum walking
speed (m/s)

1.83±0.28 2.11±0.39b 1.79±0.26 1.86±0.31 15.3**a 3.9*** 0.000 6.9 to 16.7

One-leg standing (s) 30.10±25.87 52.90±41.09 42.89±44.64 61.22±48.78 75.7* 42.7 0.638 )298.1 to 184.9
Berg balance scale 55.14±1.46 55.33±1.56 54.79±2.30 54.58±2.34 0.3 )0.4 0.494 )1.4 to 2.8

*P<0.001, **P<0.01, ***P<0.05 (intra-group differences)
aP<0.001 (inter-group differences)
bP<0.05 (inter-group differences)
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degree of physical activity was comparable in the two
groups. No significant group differences in age, height,
weight, fat mass, lean body mass, BMI or food intake
were found at baseline, but it should be noted that the
mean age for menopause was significantly higher in the
control group.

The training compliance in the intervention group,
defined as percent of scheduled sessions attended, was
67% (range 23%–95%). Besides the training program,
there were no significant changes in either group in the
level of physical activity or other daily habits, nor were
there any significant changes in the estimated dietary
intake in either of the groups, and there were no injuries
during the year of the study.

Outcome data for bone mass and neuromuscular
measurements on exercisers and controls are presented
in Table 2. At the follow up, we noticed a slight increase
(5.3%) in BMD of the Ward’s triangle in the exercise
group, whereas a decrease ()3.1%) was observed among
the controls. After adjustments for baseline differences
in the BMD, weight and age, inter-group percent change
scores in BMD of the Ward’s were found to be signifi-
cant (P<0.05). Inter-group percent change scores in the
BMD of arms, lumbar spine, and trochanter were not
significant, although there were significant increments in
the BMD of the arms (1.5%), lumbar spine (3.1%) and
trochanter (6.3%) sites in the exercise group. In the
control group, change scores in the BMD of arms,
lumbar spine, and trochanter were 1.5%, 1.0%, and
2.9%, respectively. Similar results were found when
changes in T-scores of the different sites were analyzed
(data not shown).

Furthermore, we observed significant improvement in
the subjects’ ability to stand on one leg (75.7%), in-
creased maximum walking speed (15.3%), and improved
isometric grip strength (7.4%), in the exercise group, as
well as a tendency toward improved ability to stand on
one leg (42.7%), a significant increase in maximum
walking speed (3.9%), and a tendency toward a decrease
in the isometric grip strength in the control group
()2.5%). We also observed a tendency toward an in-
crease in isometric strength of knee extensors (5.6%) in
the exercise group and a tendency toward a decrease
()1.2%) in the control group However, the maximum
walking speed showed a highly significant inter-group
difference (P<0.001). In addition, the isometric grip
strength showed a significant inter-group difference
(P<0.05). None of the other neuromuscular parameters
achieved statistical significant differences.

Bivariate correlations were performed in each group
and demonstrated that the number of training sessions
attended was not associated with any of the BMD
changes but was positively associated with maximum
walking speed (Pearson coefficient 0.664, P<0.001). We
did not observe any interaction between the significant
changes in the BMD and muscle strength, age, BMI, age
at menopause, or weight loss before the study. However,
we found a significant correlation between weight at
baseline and change in the BMD of Ward’s triangle in

the control group (Pearson coefficient 0.656, P<0.01).
However, no significant correlations were found be-
tween weight and changes at other BMD sites. In the
exercise group, weight was not associated with any of
the BMD changes. In a stepwise regression model, we
did not find any of the parameters age, height, age at
menopause, weight, BMI, fat mass, lean body mass, one-
leg standing, maximum walking speed, grip strength,
knee extension strength, or dietary intake to predict
changes in the BMD.

Discussion

In the present study, we have shown that a 1-year
combined weight-bearing training program was associ-
ated with a significant increase in the BMD of the
Ward’s triangle, trochanter, lumbar spine, and arms in
older women. Surprisingly, we also found significant
increases in the BMD of the arms and trochanter region
in the non-exercising control group. This was unex-
pected, since normally in this age group, the BMD de-
creases [11, 23, 24]. Yet, in our study, a decrease in the
BMD was demonstrated only in Ward’s triangle in the
control group, whereas we observed a slight increase in
the same region in the exercise group. In fact, this was
the only site where we found a significant difference
between the groups, suggesting that this was a true effect
of the training. This is in accordance with an earlier
study [25] that showed a tendency toward an increase in
BMD of Ward’s triangle after a 12-month strength-
training program.

Cancellous bone has a higher bone turnover than
cortical bone, which could explain why we found
adaptation in Ward’s triangle but not in the femoral
neck. Thus, the duration of the intervention period
might have been too short to observe a response in the
femoral neck area [26, 27]. Another explanation for the
lack of improvement in the femoral neck could be that
this type of training, without jumping activities, is not
creating sufficient strains to evoke an osteogenic re-
sponse in this area. In premenopausal women earlier
studies indicate that high-impact loading is also needed
to obtain adaptations in the lumbar spine [14]. However,
studies performed on postmenopausal women have, at
the best, shown a maintenance effect on BMD with high-
impact exercise [27, 28].

The present exercise program included no jumping-
activities because the participants were rather old, and
jumps would, therefore, be too risky and even difficult
for some subjects in this group. Several earlier studies
with older postmenopausal women have not shown any
effects of jumping exercises on bone mass [27, 29, 30].
Another study found significant effects of jumping
activities only in premenopausal women, not in post-
menopausal women [31]. One study even indicates that
intensive high-impact exercise, such as jumping, may
cause reduction in regional bone mass [29]. The type of
exercise performed in the present study seems to be
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sufficient, however, to maintain and even increase bone
density at Ward’s triangle. Since this site is highly
associated with proneness to both intertrochanteric and
cervical hip fractures, even small increments in BMD
may lower the risk for hip fractures, especially in indi-
viduals with below normal bone mass [32]. However, it
should be pointed out that this type of exercise was not
associated with any improvement in the femoral neck
BMD, which is another strong predictor of the risk for
hip fractures.

This combined training program was also associated
with significant improvement in the subjects’ ability to
stand on one leg, in the exercise group, although there
was no significant inter-group difference. There were,
however, significant inter-group differences in increased
maximum walking speed and improved isometric grip
strength, with the higher improvement in the training
group. We also observed tendencies toward an increase
in isometric muscle strength of the knee extensors in the
exercise group and a decrease in the control group.
However, our method of measuring the strength of knee
extensors may not be the best for the outcome of this
type of exercise [33]. It might have been more appro-
priate and sensitive if we had measured dynamic
strength to study the changes in muscle strength. One
earlier cross-sectional study indicates that there is a
connection between the strength of knee extensors and
the BMD of the Ward’s triangle and the lumbar spine in
elderly women [34], but we could not verify those find-
ings in our present study.

Neuromuscular impairment such as reduced gait
speed is a significant and independent predictor of the
risk of hip fracture in elderly, mobile, women [7], and
earlier studies suggests that physical activity significantly
reduces the risk of falls and fractures by improving
muscle strength and balance [17, 35, 36]. Gregg and co-
writers [37] demonstrated a significant reduction in the
age-adjusted risk of hip fracture among physically active
women as compared with inactive women, and recom-
mended low-intensity physical activity for sedentary
older women as fracture prevention. It is, therefore,
possible that the gains in strength and gait speed of the
elderly women in this combined training program might
reduce the propensity for falls.

Together with the increments in bone mass seen in the
present study, this combined training program may
subsequently have a protective effect to reduce the risk
of osteoporotic fractures. It is well known that lean body
mass normally decreases with age [38]. Yet, even though
participants in the exercise group improved their neu-
romuscular performance, such as isometric grip
strength, their ability to stand on one leg, and their
maximal walking speed and lean body mass decreased in
this group as well as in the control group. This gives
further support that this training program enhanced
neuromuscular function due to neural adaptation rather
than to muscle hypertrophy [39].

One major shortcoming of this study is that the
sample is rather small, and the power might not have

been sufficient to detect significant differences in the
BMD changes between the two groups. Furthermore, we
do not know for certain whether the subjects in the
exercise group performed the home exercise program or
not on those occasions when they did not attend their
training group. This could certainly have influenced the
results. The attendance, however, was good, implying
that this type of training program is suitable for older
women.

Another possible explanation for the lack of signifi-
cant differences between the groups and the increments
in the non-exercising control group might be that our
subjects were healthy volunteers and that they volun-
teered because of a genuine interest in physical activity
and health projects. Some of the participants became
disappointed when they were randomized to the control
group. We also know that many of the women were
friends, and we therefore believe that some subjects in
the control group came to know about the training
exercises in that way and were, subsequently, not as
sedentary as they would otherwise have been. However,
no significant changes in their exercise habits were
noticed during the study period. On the other hand, our
method for estimating changes in the level of physical
activity is not very sensitive. Furthermore, blinding of
the research staff was not possible. Therefore, notwith-
standing the quantitative test measures, it is possible that
some improvements may have resulted from observer
bias.

In summary, this study suggests that a combined
weight-bearing training program, without jumping
activities but including strengthening, aerobic, balance
and coordination exercises, might reduce fracture risk
factors by improving bone density as well as neuro-
muscular functions associated with the risk of falls. In
this cohort there was no problem for them to participate
on a regular basis in a program of this intensity. The
program could be suitable for older community living
women in general and might, therefore, have important
implications for fracture prevention. However, this
needs to be further elucidated in future studies.
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