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Abstract

The present study was designed to assess the effect of different types of exercises on the BMD values in female
professional atheletes. The case control study was conducted on 59 healthy female atheletes aged between 20
and 30 years who were a member of the country’s national teams in the past three years. They were involved in
weight-bearing (soccer and golf) and non-weight bearing (swimming and rowing) exercises. The BMD values of
the L1-L4 anteroposterior lumbar spine and femoral subregions were recorded using a DXA bone densitometer
and compared to that of a group of age and sex-matched non-athletes. Mean BMD values at all the studied sites
were highest among the footballers and lowest among the golf players. Except for the spine, a significant differ-
ence between the BMD values at all the studied sites. As for spine, a significant difference was only seen in the
BMD values of the footballers and that of golf players. There was no significant difference between the BMD val-
ues of the controls and those involved in either weight bearing or non-weight bearing exercises. The considerable
difference noted in BMD values at different sites in footballers and golf players’ points out the great influence of
weight-bearing exercises on the bone structure. The bones’ response to exercises is site-specific. High-impact
weight bearing exercises stressing bones in a variety of directions are more effective in improving BMD values.
Athletes involved in non-weight bearing exercises should do certain weight-bearing exercises to strengthen their
bones.

Keywords: Bone mineral density; Osteoporosis; Physical activity; Female
*Correspondence: Ramin Heshmat, Chronic |ntroduction
Diseases Research Center, 19th st, Kargar ave, Tehran,
Iran Tel: (98)2188354367; Fax:(98)2188637563 E-mail:
rheshmat@razi.tums.ac.ir

Osteoporosis, a common disorder in the female el-
derly population, has become one of the most signifi-
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cant public health concerns across the globe [1-4]. The
condition results in the loss of bone strength which,
in combination with an increased tendency to fall, ac-
counts for the surging number of hip fractures during the
past decade [5-7]. While certain studies have named
reduced bone mineral density as one of the most com-
mon complications in adolescents and young women
involved in strenuous sports activity, others consider
exercising during youth as a non-pharmacological pre-
ventive strategy not only to increase muscle strength
but also to regulate bone maintenance and stimulate
bone formation, all of which would improve balance and
subsequently would reduce the overall risk of falls and
fractures during middle and later life [5,8-12].

These studies suggest that physical activity can im-
prove the width and the mineral content of bones in girls
and adolescent females, particularly if it is initiated be-
fore puberty, carried out in volumes and at intensities
seen in athletes, and accompanied by adequate caloric
and calcium intakes [9]. The majority of the researches
conducted in this field have focused predominantly on
post-menopausal women; studies on premenopausal
women, though, remain sparse [4,12-18]. Taken as a
whole, these studies have revealed that not all exercis-
es are effective in this regard.

Some of the existing studies have compared the ef-
fects of various types of exercises on different athlet-
ic populations, suggesting that athletes involved in
high-impact sports such as hurdling, volleyball and
squash have greater bone density than those involved
in lower impact sports including orienteering or skiing
[13,19-22]. These studies have also linked activities
with a relatively high impact component such as jump-
ing alone or in combination with aerobic step exercise
to increased BMD values at the hip, adding that high-in-
tensity resistance training can improve BMD values at
both hip and spine [19,22,23]. In other words, they have
suggested that the relative effects of varying modes of
activity are site specific, depending on the age and the
health condition of the individual [24,25].

The present study was therefore designed to assess
the effect of weight-bearing and non-weight-bearing
exercises on the BMD values of a group of female athe-
letes and to determine whether the exercise-related
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BMD change differed between different parts of the
body.

Material and Methods

After being approved by the Ethical Board Commit-
tee of Endocrinology and Metabolism Research Insti-
tute (EMRI), this case control study was conducted on
atheletes involved in weight-bearing (soccer and golf)
and non-weight bearing (swimming and rowing) exer-
cises. The participants were selected among healthy
female atheletes aged between 20 and 30 years who
were a member of the country’s national teams in the
past three years. Women complaining about irregular
menses, expectant and lactating mothers, smokers
and those taking medications that could modify bone
metabolism were excluded from the study.

A control group was also recruited from healthy
women, matched to the exercise group on age, from
Tehranis who participated in the Iranian Multi — center
Osteoporosis Study (IMOS) [26]. The same eligibility
criteria for enrollment in the exercise program were ap-
plied to the controls.

After negotiating with the related federations, each
woman was sent a letter explaining the purpose of the
study and inviting her to make an appointment to at-
tend an initial assessment. Women who declined this
invitation were not contacted again; up to three mailings
were sent to women who did not reply. Women were re-
cruited in sufficient numbers aiming to achieve a 90%
power and the ability to detect a 0.05 g/cm? (which in-
creased to a 0.07 g/cm? while taking into account the
drop-outs) difference in bone mineral density (BMD)
values between exercise and control groups at the 5%
level of significance. Subjects signed an informed writ-
ten consent.

Anthropometric measurements

Measurement of height and weight was conducted
with participants in light clothing and without shoes by
trained technician following international guidelines
[27]. Each anthropometric measurement was done by a
similar instrument, and with the same technique. Quali-
ty control for all measurements was monitored regularly.
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The standing height (to the nearest 0.1 cm) and the
weight (to the nearest 0.1 kg) were measured using a
wall-mounted stadiometer (Seca) and a mobile digital
scale (Seca, Hamburg, Germany), respectively. The
BMI was calculated as the body weight divided by the
height squared (kg/m?) [27].

Bone mineral density

Patients underwent both an L1-L4 anteroposterior
lumbar spine and femoral subregions (trochanter and
neck) DXA study with a Lunar DPXMD densitometer
(Lunar 7164, GE, Madison, WI) by a trained operator
out in accordance with the manufacturer’s recommen-
dations. Instrument validation was determined regular-
ly by a weekly calibration procedure using a phantom
supplied by the manufacturer. Precision error for BMD
measurements was 1-1.5% in the lumbar and 2-3% in
the femoral regions.

Statistical analysis

All statistical analyses were performed with SPSS
13.0 for Windows (SPSS, Chicago, IL), and P values
lower than 0.05 were considered statistically significant.
Descriptive data are presented as mean + standard de-
viation. The differences between the demographic and
BMD values of the two case and the control groups
were determined using one-way analysis of variance
(ANOVA) and post-hoc comparisons.

Results

Some 59 mature premenopausal women of average
height, weight, body composition and bone health were
enrolled in the exercise groups; 31 (52.5%) of them
were involved in weight bearing exercises whereas the
other 28 (47.5%) did non-weight bearing workouts. The
demographic data of these two groups are outlined in
Table 1. Except for age, there was no significant differ-
ence between the demographic data of the individuals
involved in weight bearing and non-weight bearing ex-
ercises. While comparing the data between the con-
trols and the athletes, there was a significant difference
between the mean height, weight, and BMI values of
these groups (Table 1). Subgroup analysis of the data
revealed no significant differences between the mean
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height, BMI and menarche age in women involved in
different sports. The mean age, however, was signifi-
cantly higher in golf players (golf players: 27.36 + 3.89,
swimmers: 27.0 + 6.87, rowers: 21.93 + 2.31, and foot-
ballers: 24.86 +2.71, p-value: 0.05). A similar result was
reported for the differences noted between the weight
of the studied groups (swimmers: 62.1 + 9.33, rowers:
60.06 + 9.33, golf players: 55.07 + 7.10, and footballers:
54.36 + 6.78, p-value: 0.020).

The BMD values of the studied groups at different
sites are outlined in Table 2. There was no significant
difference between the BMD values of the controls and
those involved in either weight bearing or non-weight
bearing exercises. Between groups, there was a signif-
icant difference in the values reported at different sites
(Table 3). Mean BMD values at all the studied sites
were highest among the footballers and lowest among
the golf players. Except for the spine, post Hoc analy-
sis revealed a significant difference between the BMD
values at all the studied sites. As for spine, a significant
difference was only seen in the BMD values of the foot-
ballers and that of golf players.

Discussion

Several lines of evidence, both cross-sectional and
interventional, have pointed out the beneficial effects of
regular exercising on BMD values in women [28,29]. An-
imal studies have considered loading exercises that are
high in magnitude, rapidly applied, dynamic and novel
as greater osteogenic stimuli, adding that the duration
of the workout is less important once a certain threshold
level has been reached [13,30,31]. Furthermore, it has
been suggested that the distribution of strain may be
more important than its magnitude, as unusual patterns
of strain can stimulate an osteogenic response at a low-
er minimum effective strain (MES) [31-33]. Mechanical
loading, therefore, is more osteogenic when short rest
intervals are inserted between cycles in order to avoid
the saturation of the bone’s adaptive response to me-
chanical load [34,35].

In line with previous studies, our study demonstrat-
ed that bone responds to site-specific exercise [24,36].
In this regard, many studies have studied the influence
of resistance or high-impact exercises on increas-
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Table 1: The demographic data of the individuals of the three studied group.

Weight Bearing Non-weight Bearing Control P-value*

exercise (n=28) exercise (n=31) (n=236) -value
Age (yrs) 26.11 = 3.53 24.55+5.72 24.61 +3.18 0.036
Height (cm) 161.46 + 6.50 164.58 + 6.44 160.51 £5.79 0.002
Weight (kg) 54.71 + 6.82 61.35 = 8.56 62.05+12.08  0.006
BMI (kg/m2) 20.96 + 1.96 22.65 +2.94 24.06 +4.40 < 0.001
Menarch (yrs) 13.43 +1.69 13.52 + 1.55 13.66 = 1.49 0.685

* Analysis of Variances (ANOVA)

Table 2: BMD values of the individuals of the three studied group.

Weight Bearing Non-weight Bearing Control P-value*
exercise (n=28) exercise (n=31) (n=236) -value
Femoral Neck 0.99+0.14 0.97+0.13 0.96 +0.13 0.447
Femoral Trochanter 0.81+0.14 0.77 +£0.10 0.78 +0.12 0.324
Total Hip 1.00+£0.14 0.97 +0.12 0.98 +0.14 0.624
Spine L1-4 1.19+0.15 1.16 £ 0.13 1.17£0.13 0.703

*Analysis of Variances (ANOVA)

Table 3: BMD values at different sites based on the exercises in which the athletes were involved.

Swimming Rowing Golf players Footballer N
BMD (n=16) (n=15) (n=14) (n=14) P-value
Femoral Neck 0.93+0.13 1.01+£0.13 0.91 +0.12¥ 1.06 £ 0.13¥ 0.008
Femoral Trochanter 0.75 £ 0.71¥% 0.80+0.12 0.73+0.13§ 0.89 £ 0.09¥%§ 0.001
Total Hip 0.94 + 0.09¥ 1.00+£0.13 0.93+0.14§ 1.07+0.10¥§  0.006
Spine L1-4 1.16 £0.13 1.16 £ 0.12 1.11 £ 0.11¥ 1.26 £ 0.15¥ 0.035

* Analysis of Variances (ANOVA)
¥, §: significant at p-values<0.05, Tukey Post Hoc Test

ing or maintaining BMD values in different population
[19,25,29,37]. Similarly, differences in BMD values
have been shown in athletes participating in different
sports [20,38,39]. These studies had also revealed in-
creased BMD of both the hip and spine in women who
added upper body resistance exercise to a routine of
lower body resistance plus jump training, stressing that
lower body training only influences BMD values at the
hip, not the spine [21,24,37,40].

Certain studies have linked being involved in resis-
tance exercises with a significant increase in BMD val-
ues at the lumbar spine; others, however, have main-
tained that high-impact exercises are associated with
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increased BMD values at the femoral neck and lumbar
spine in premenopausal women when performed dai-
ly [13,29,41]. While high-impact sports are associated
with a greater BMD, there is no difference between bone
properties of swimmers, who do not experience any
loading, compared to the sedentary controls [20,31].
Some studies have also shown the lower prevalence of
osteopenia and osteoporosis among those involved in
brisk walking compared to those involved in Taijiquan
and swimming [5,42]. Aerobic or weight-bearing activ-
ities are associated with significant effects at lumbar
spine and femoral neck in postmenopausal women
[8,14,16,43]. Many have shown higher BMD values at
the hip and spine of gymnasts compared to that of long
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distance runners, stressing on the beneficial effect of
impact forces generated in gymnastics movements
[35,44,45].

The present study similarly showed higher BMD
values in individuals involved in football and rowing,
stressing the effect of weight bearing exercises on
BMD values at different sites. Such a difference can be
explained by the fact that exercises producing ground
reaction forces, such as running or walking, are more
effective in increasing BMD values whereas exercis-
es associated with joint reaction forces, such as re-
sistance training, best improve lean body mass and
strength in postmenopausal women [4,23,46]. In other
words, the present study showed individuals involved
in golf, which is a pure weight bearing exercise, to have
the least BMD values at the studied sites. Footballers,
on the other hand, had the highest BMD values; apart
from the fact that ground reaction forces attenuate the
influence of the weight bearing exercise on BMD val-
ues, footballers should perform body building and other
fitness programs at the same time, all of which improve
their BMD values.

The present study was not a randomized controlled
trial, bringing out the suspicious that baseline differ-
ences between individuals involved in diverse sports
may cause selection bias. In other words, studies on
the effects of exercise on bone may be subject to con-
founding factors including differences noted between
the endocrine status, calcium or other dietary intakes,
genotype and even other lifestyle habits, including the
fact that whether the subject has participated in the ex-
ercise program recently or since childhood, of the par-
ticipants.

The similar trend in BMD values at the studied sites in
the athletes and the control group of the present study
failed to show the impact of exercising on BMD values.
Considering the results of other studies conducted in
this field, all of which revealed the influence of exercis-
ing on reducing the fracture risk, it is possible to say that
exercise affects the quality of the bone more than in its
BMD, indicating that BMD is not an accurate indicator
in evaluating the effect of exercise on bones.

Moreover, the present study failed to compare the ef-
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fect of exercising on the BMD values of the dominant
and non-dominant side nor the upper and lower body,
while previous studies had noted a significant differ-
ence in the effectiveness of training on BMD values of
these sides [47,48]. It should also be mentioned that
recent studies have failed to approve BMD as the most
appropriate study endpoint in assessing the effects of
exercise on bone strength and fracture risk.

Considering the concept of strain distribution, it could
be concluded that sports such as football, squash, vol-
leyball, gymnastics and rowing, which stress bone in a
variety of directions, are associated with a higher BMD
than sports consisting of only one direction of move-
ment such as running and swimming [31,38]. As a re-
sult, individuals should be recommended to perform
exercises that provide adequate skeletal loading so that
they would benefit the most from their time and effort
dedicated to physical activity.
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