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Abstract This cross-sectional study was designed to
investigate correlations between muscle strength and
regional bone mineral density (BMD) in sedentary
postmenopausal women. Sixty-two women who ranged
in age from 41 to 76 years were investigated. Hip and
trunk muscle strength was measured by isokinetic
dynamometry. Grip strength of the nondominant hand
was measured using a hand-held dynamometer. Bone
mineral density of the lumbar spine, femur, and distal
radius was measured by dual-energy X-ray absorpti-
ometry. Only the correlation between hip abductor
strength and femoral BMD was significant (P=10.009,
r=0.327). There was no correlation between trunk
muscle strength and lumbar vertebral BMD or between
grip strength and distal radius BMD. Subjects with
osteoporosis (T score <—2.5) or osteopenia T (—2.5
to —1) and normal subjects (T > —1) exhibited similar
isokinetic hip and trunk muscle strength. Women with
osteoporotic distal radii had significantly lower grip
strength than subjects who were osteopenic or normal at
this site, but the osteoporotic group was also sig-
nificantly older. In conclusion, our results indicate that
the isokinetic strength of hip abductors weakly corre-
lates with femoral BMD in postmenopausal women with
and without osteoporosis. Trunk muscle strength did
not correlate with lumbar vertebral BMD in either of
these groups. The weaker handgrip we observed in the
women with osteoporotic radii may be attributed to
older age.
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Introduction

Advancing age is associated with profound changes in
body composition such as decreased bone mineral den-
sity (BMD), sarcopenia, and hormonal fluctuations [1, 2,
3, 4]. After 30 years of age, BMD decreases at an aver-
age rate of 1% per year [5]. Muscular strength also de-
clines during this time, with a gradual 10% loss from 25
to 50 years. After age 60, humans experience a 40%
decline in lifetime muscle mass [4, 6]. These changes in
BMD and muscle strength are accompanied by a decline
in estrogen production from approximately 47 years
onwards [7]. The loss of strength is more gradual and
not significantly affected by the sudden hormonal de-
cline, like bone loss.

Although the skeletal and muscular systems are
structurally interdependent and both adapt to mechan-
ical loading, some aspects of their relationship remain
unclear. The threshold levels of loading or intensity re-
quired to elicit changes in these systems has been studied
extensively, but the results are controversial. Some re-
ports have documented positive correlations between
muscle strength and bone mass [8, 9, 10, 11, 12, 13, 14];
other authors stated that the effect of muscle strength is
systemic, not local, and still others found no link be-
tween muscle strength and bone mineral content [9, 15,
16, 17, 18].

The conflicting results concerning the relationship
between strength and BMD may be due to confounding
variables. Specifically, the effects of muscle strength on
bone may be influenced by variables not necessarily
investigated by the given research, and these elements
may directly influence BMD as well. This theory seems
to be valid, as BMD is influenced by many factors that
may also affect each another [19]. In addition, dis-
agreement in results may be partially attributed to study
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design and the different techniques for measuring bone
density and muscle strength.

Experts continue to question whether exercise can be
considered an integral part of osteoporosis prevention
and treatment. However, it is widely agreed that disuse
results in bone mass loss, that sedentary individuals tend
to have less bone mass than those who exercise, and that
exercise tends to produce a modest increase in bone mass
and alone cannot compensate for estrogen loss [20].
There is a need for better understanding of the connec-
tion between muscle strength and bone mass, as this is
one of the keys to rehabilitation outcome. The purpose
of this study was to clarify relationships between BMD
and muscle strength at three different body sites in a
population of postmenopausal women with similar
physical activity levels.

Materials and methods
Patients

The study involved 62 healthy postmenopausal women
who ranged in age from 41-76 years and did not engage
in regular exercise. All the subjects were sedentary and
worked in the home. The exclusion criteria were (1) ill-
ness or drug treatments known to influence bone mass
and (2) any abnormal finding in a set of standard lab-
oratory tests consisting of complete blood count, serum
protein electrophoresis, and serum levels of calcium,
phosphorus, albumin, creatinine, total protein, and
alkaline phosphatase. If even one of these results was
outside the normal range, the candidate was excluded.
For each participant, body weight and height were
measured, and body mass index (BMI) was calculated as
weight (kg)/height (m)>. The time since menopause
(TSM) was also recorded. Bone mineral density of the
lumbar vertebrae, femur, and distal radius was measured
by dual-energy X-ray absorptiometry (Hologic QDR-
4500A S/N 45835). Based on the BMD findings (T
score), the subjects were grouped as normal (T >—1),
osteopenic (T —1 to —2.5), or osteoporotic (T < —2.5).

Method

A Cybex 770 NORM isokinetic dynamometer (Lumex,
Ronkonkoma, N.Y., USA) was used to evaluate re-
ciprocal concentric and isometric trunk flexion and
extension muscle strength in all subjects. The TEF
modular component attached to the NORM unit was
used. The subjects were positioned and secured in the
TEF modular component according to the manufac-
turer’s instructions. The axis of rotation was set at the
point at which the midaxillary line intersects the
lumbosacral junction, or approximately 3.5 cm below
the top of the iliac crest. The lower body was stabilized
with a slightly bent knee position (15° knee flexion)
using tibial, popliteal, and thigh pads. The trunk was

stabilized using pelvic, scapular, and chest pads. Vertical
standing position was determined as the anatomic zero
position. Isokinetic trunk muscle strength was measured
at angular velocities of 60°/s, 90°/s, and 120°/s. Testing
started with the trunk in full extension. During each
trial, five submaximal warm-up repetitions preceded
each test velocity recording. A rest period of 30 s was
allowed between warm-up repetitions and the actual test
session. In each test procedure, the subject performed
five maximal concentric contractions. The mean values
of five repetitions for each set were recorded. Isometric
trunk flexor and extensor muscle strength was measured
with the subjects in 60° trunk flexion for 30 s.

The same computerized isokinetic dynamometer was
used for hip abductor and adductor muscle strength
measurement. The subjects lay on the bench of the
dynamometer in lateral recumbent position on the
dominant side, leaving the nondominant side up for
testing. The axis of the dynamometer was in line with the
hip joint. The trunk was stabilized using pelvic belts. The
side-lying position was determined as the anatomic zero
position. Isokinetic hip abductor and adductor muscle
strength was measured at angular velocities of 30°/s, 60°/
s, and 90°/s. This testing started with the hip in full
adduction. Each muscle strength test consisted of five
repetitions preceded by five submaximal warm-up rep-
etitions at each velocity, with a 30-s rest period after
each set. The average of the five maximum peak torques
was recorded. Grip strength of the nondominant hand
was measured using a hand-held dynamometer, and the
means of five attempts were recorded.

Statistical analysis

Pearson correlation coefficients were calculated to ana-
lyze relationships between torque values and BMD T
scores. Analysis of variance was used for differences
among mean values for the normal, osteopenic, and
osteoporotic groups. P values of <0.05 were considered
statistically significant.

Results

The mean age of the women was 62.6+9.2 years, and
the mean BMI was 28.3+3.5 (range 18.4-34.7). The
mean TSM for the entire group was 14.2£9.0 years
(range 0.5-36). The anthropometric data and TSM
findings for the subjects grouped according to regional
BMD T scores are shown in Table 1. Time since men-
opause was significantly longer in the groups with
osteoporosis in the femur and distal radius than in the
groups that were osteopenic and normal in these regions
(P=0.001 and P=0.002, respectively). The same trend
was observed for the results in the lumbar spine, but the
TSM for the group with osteoporosis at this site was not
significantly different from the TSM results for the other
two groups. Considering the groupings for each body
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Table 1 Anthropometric data and TSM for the subjects grouped according to regional BMD scores

Femur BMD Lumbar BMD Distal radius BMD

Normal, Osteopenic, Osteoorotic, Normal, Osteopenic, Osteoporotic, Normal, Osteopenic, Osteoporotic,

nl17 n 26 n 19 n 24 n 26 nl2 nl9 n27 nlé6
Age (years) 56.6+9.4 61.0+£9.4 69.2+6.7 61.8+10.2 59.6+9.5 68.8+6.7 55.6+7.6 61.3+99 70.6+4.9
Weight (kg) 74.5+8.9 69.7+7.3 67.5+£9.6 71.7£9.2 70.7+8.2 68.1+9.3 71.3+£83 70.6+10.2 69.3+7.6
Height (m) 1.6+£0.5 1.6+0.5 1.5+£0.6 1.6+0.3 1.6+0.6 1.5+0.1 1.6£0.1 1.6+0.6 1.6+0.5
BMI 29.3+£39 27.7+3.0 282+3.7 28.3+34 282439 28.9+2.7 28.2+3.7 28.1+3.7 28.8+3.3
TSM (years) 8.9+10.1 13.2+7.7 20.0+6.4 12.6+10.0 12.5+8.3 20.7+5.2 74+69 13.7+84 219459

region, the osteoporotic women were older than the
other subjects in all cases (P <0.001 for all). There were
no differences between the normal and osteopenic
groups in each set with respect to mean age. There were
also no significant differences in weight, height, or BMI
within each set of three groups.

Table 2, Table 3, and Table 4 show the respective
results for trunk muscle, hip muscle, and grip strength,
with the women grouped according to BMD for the
related region. Trunk and hip muscle strengths were
similar in the subjects that had normal, osteopenic, and
osteoporotic T scores in the lumbar spine and femur,
respectively. Mean grip strength in the group with
osteoporotic distal radii was significantly lower than in
the groups with normal and osteopenic distal radii
(P=0.006 and P=0.002, respectively). The groups with
normal and osteopenic radii had similar grip strength.

Grip strength negatively correlated with age
(P=0.001, r=-0.416). There was no correlation be-
tween lumbar spine BMD and trunk muscle strength or
between distal radius BMD and grip strength. There was
a weak but statistically significant correlation between
femur BMD and hip abductor muscle strength
(P=0.009, r=0.327).

Discussion

Previous reports have documented strong correlations
between muscle strength and regional BMD; however,
our findings do not support this. As mentioned before,
there is much discrepancy in the literature concerning
relationships between muscle strength and bone mass.
Multiple factors are involved in the pathogenesis of

Table 2 Isometric and isokinetic trunk muscle strength (ft/lbs) with
subjects grouped according to lumbar vertebral BMD scores

Normal, Osteopenic, Osteoporotic,

n 24 n 26 nl2
Isometric flexor 77.2+£26.8 68.2+239 66.618.6
Isometric extensor 56.0+£32.9 58.0+26.4 42.5+£329
60°/s flexor 32.6+27.6  27.8+20.6 23.5+25.8
60°/s extensor 21.4+21.8 20.3+13.6 13.5£19.1
90°/s flexor 22.4+23.8 16.8+17.6 14.5+16.2
90°/s extensor 14.0+20.2 9.7+9.8 84+154
120°/s flexor 16.0+18.3 9.5+9.6 11.1+11.1
120°/s extensor 8.3+12.9 4.8+5.7 33+29

Table 3 Isokinetic strength of hip abductor and adductor muscles
(ft/lbs) with subjects grouped according to femur BMD (bone
mineral density) scores

Normal, Osteopenic, Osteoporotic,

nl17 n 26 n 19
30°/s abductor 21.5+£11.2 19.0+9.2 17.9+6.8
30°/s adductor 12.3+£12.1 89+7.5 8.5+9.7
60°/s abductor 155+11.4 14.1+79 12.1+7.1
60°/s adductor 8.6+8.7 4.4+6.1 4.1+54
120°/s abductor 152+7.6 13.7+£5.8 12.5+£5.7
120°/s adductor 44.446.2 14+£28 1.9+3.4

osteoporosis, and these may be partially responsible for
much of the variation in results.

Research has shown that the drop in estrogen levels
at the onset of menopause causes accelerated bone loss
[21]. Further, it has been proven that many other fac-
tors, including activity level, body weight, height, BMI,
smoking habit, and alcohol and dietary calcium intake,
also influence peak bone mass in women [16, 19, 22, 23].
One study by Madsen et al. revealed highly significant
correlations in women between quadriceps strength and
BMD of both site-specific bone of the proximal tibia and
distant bone of the distal forearm [24]. However, in more
recent work on female subjects, Madsen and other
coworkers demonstrated that bone mass is most closely
linked to body weight and not related to age, disease
duration, quadriceps strength, or current level of activity
[25].

Ravn et al. reported that the BMD of the proximal
femur is largely unchanged until menopause [26]. They
investigated the factors of age, BMI, and TSM in rela-
tion to bone density, and they identified TSM as the
strongest predictor of BMD in the first 10-15 years after
onset of menopause. In line with this, we noted signifi-
cantly longer TSM in the groups that were osteoporotic
in the femur and distal radius regions than in the groups

Table 4 Grip strengths with subjects grouped according to distal
radius BMD scores

Normal, Osteopenic, Osteoporotic,
n 19 n 27 n 16
Grip strength 0.4+0.07 0.3+0.08 0.2+0.09
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that were osteopenic and normal at these sites. Also, in
our study, the osteoporotic women were older than the
normal and osteopenic subjects in all cases, as would be
expected; but our study group consisted of a number
relatively small for drawing definite conclusions about
osteoporosis/age/TSM relationships. With this small
sample size, our results underline that confounding
factors (TSM and others) must be considered when
trying to relate a single variable, such as torque, to
BMD.

One report in the literature notes significant correla-
tions between hip flexor torque and BMD of the lumbar
spine and proximal femur in postmenopausal women
[27]. The interior of the femoral neck is composed of
cancellous bone, with trabeculae organized in medial
and lateral trabecular systems. It is likely that the lateral
trabecular system resists the compressive forces that are
placed on the femoral head when the hip abductor
muscles contract [28]. We found a weak but statistically
significant correlation between femoral BMD and hip
abductor muscle strength in the women we studied. This
is the only finding in our investigation that is in accor-
dance with earlier results concerning the effect of mus-
cular loads on bone.

Our assessments also showed that the women with
osteoporotic distal radii had lower grip strength than
women who were normal or osteopenic in this region.
This is in line with a previous study that identified grip
strength as a strong independent predictor of distal ra-
dius BMD in postmenopausal women [29]. Associations
between grip strength and bone density at distant sites
such as the spine and hip have also been reported [9].
However, considering each set of groupings for the three
body regions in our study, we observed that the osteo-
porotic women were always significantly older than the
normal and osteopenic groups. In addition to bone
mineral loss, it is possible that the effects of age on
muscle strength might be responsible for weaker grip in
these women.

We found only one correlation between muscle
strength and regional BMD—a weak relationship be-
tween hip abductor strength and femur BMD. One
limitation of this study is that we did not have a control
group of women who were actively engaged in an exer-
cise program. This would have given us a chance to
compare the relationships between muscle strength and
BMD in exercising and nonexercising women and make
a clearer conclusion about the effect of exercise on
BMD.

Epidemiological evidence suggests that being active
at higher age cuts the risk of hip fracture by almost one
half [30]. This effect is probably multifactorial through
positive effects on bone, muscle strength, balance, and
joint flexibility. Avoidance of inactivity and participa-
tion in moderate exercise programs can be encouraged
to promote mobility and coordination and prevent falls.
However, the most beneficial type, duration, and
intensity of exercise for this purpose have yet to be
determined.

It is clear that, in contrast to vigorous aerobic weight-
bearing exercise, walking or strolling has a negligible
effect on BMD retention and cannot be relied upon as a
therapeutic component of osteoporosis treatment [31,
32, 33]. The main benefit of muscle-strengthening exer-
cises in osteoporosis may be in promoting mobility, not
reducing bone mass. It should be kept in mind that
exercise alone does not eliminate or compensate for the
multiple factors involved in the pathogenesis of osteo-
porosis.
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