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OSTEOPOROSIS

Introduction
Osteoporosis—derived from the Greek
words osteon, meaning bone, and poros,
meaning small hole—is a disease charac-
terized by low bone mass and microar-
chitectural deterioration of bone tissue
leading to enhanced bone fragility and a
consequent increase in fracture risk.
Osteoporosis is more common among
women over the age of 50 as a result of
hypoestrogenemia, but it also affects men
and can occur in individuals of any age.
In addition, many chronic illnesses (e.g.,
asthma, inflammatory myopathies, and
duchenne muscular dystrophy) involve
treatment with corticosteroids, which are
also known to cause elevated bone
resorption and reduced bone formation,
resulting in lower bone mass. The social
and medical consequences related to
osteoporosis include an increased risk of
fracture and a reduced quality of life.
Individuals with osteoporosis are likely
to experience fractures with forces no
greater than those applied by routine
daily activity. It is estimated that there has
been a four-fold increase in hip fractures
worldwide since 1990.1 Osteoporosis can
also result in disfigurement, lowered self-
esteem, reduction or loss of mobility, and
decreased independence.

As there is no cure for osteoporosis,
physical activity/exercise has been sug-
gested as a particularly effective strategy
in averting the inevitable repercussions
of this disease. Regular physical activity
has been shown to improve or maintain
the structural competence of bone. It is
well established that physical activity
transmits load to the bone via two mech-
anisms—direct impact from weight-bear-
ing exercise and the pull that is produced

by the muscle contraction. These forces
lead to alterations in bone shape and, to
a large degree, determine bone strength.2

Physical Activity and 
Osteoporosis Prevention
Childhood through to late adolescence is
a significant period in bone formation,
with about 50% of the peak bone mass
(PBM) being acquired during this period.
Peak bone mass is defined as the amount
of bony tissue present at the end of skele-
tal maturation. Because a low peak bone
mass is a significant risk factor for osteo-
porosis and associated fractures,3 the
achievement of an ample peak bone
mass during childhood and adolescence
is an effective method to reduce the risk
for the later development of osteoporo-
sis. Debate continues as to the age at
which peak bone mass is attained, with
estimates ranging widely in cross-sec-
tional data from late adolescence4 to the
third5 and into the fourth6 decades of life.
Some studies show that significant loss
of trabecular bone may also occur imme-
diately after the acquisition of PBM, even
before menopause, at some sites (e.g.,
proximal femur).6,7 Given that the inci-
dence of fracture in North America is
about twice as great for women as it is for
men, women must use all available
means to achieve the highest possible
peak bone mass. Since, for most sites of
the skeleton, peak bone mass is estab-
lished by late adolescence,7 this period of
life provides the singular best opportunity
to employ strategies aimed at optimizing
and maintaining premenopausal bone
mineral status and, thus, reducing the
risk of developing osteoporosis.

Although genetics accounts for

Physical activity/exercise can provide
an important tool for both the pre-
vention and treatment of osteoporo-
sis. Physical stress transmits load to
the bone and can improve or main-
tain its structural competence and
strength. Participation in weight-
bearing activities during adolescence
is an effective method to achieve an
ample peak bone mass and to reduce
the risk for the later development of
osteoporosis. Postmenopause, the
ideal exercise to stimulate bone min-
eral density would involve progres-
sive, resistive-type training involving
overloading of some nature.
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Authors Program Participants Site Measured Results

Kohrt et al., 199522 12 months of weight- 32 postmenopausal L2–L4, FN, TH Significant improvements
bearing exercises women, aged 66 years in the BMD of the lumbar

spine, hip, and femur22

Hartard et al., 199619 Six months of strength 16 women, aged 63.6 years, L2–L4, FN No significant changes in 
training in the training group and 15 BMD at both sites for the

women, aged 67.4 years, in exercisers; significant loss
the control group of bone mineral density in 

the controls19

Kerr et al., 199617 12 months of progressive 56 postmenopausal women TR, ITH, WT, RF BMD significantly greater 
resistance training at all hip sites (controls -

0.1% to -0.8%, exercisers 
+1.5% to +5.2%) and at 
the radial site (controls -
1.4%, exercisers +2.4%)17

Bravo et al., 199723 12 months of weight- 77 osteopenic women, FN No changes in femoral neck
bearing, water based 50–70 years of age BMD; improved flexibility,
exercises agility, muscle strength,

endurance, cardiorespiratory
fitness, and psychological 
parameters23

Ebrahim et al., 199724 24 months of self-paced 165 women with history of L2–L4 Lumbar BMD increased
brisk walking or upper upper limb fracture in the (+0.017 g/cm2) in both
limb exercises last two years walking and upper limb 

groups24

Snow et al., 200018 Five years of jumping 18 healthy women, aged FN, TR, TH Increased femoral neck BMD
exercises with weighted 64.1 years in the exercisers; higher
vests BMD at all regions in the 

exercisers when compared 
to controls18

Maddalozzo et al., High intensity free- Older men and women TR Increased BMD in men
200025 weight training (1.9%) but not in women25

Walker et al., 200020 Five years of weight- 89 postmenopausal L2–L4, FN Lumbar BMD increased +4.4%
bearing aerobic activities osteoporotic women, in the hospital group and
of moderate intensity and aged 63.2 years +3.4% in the home group;
free weight resistance for the femoral neck BMD
exercises both in the hospital increased +1.1% in the
and at home hospital group and –0.9% in

the home group; reduction in
the number of fractures and
no significant loss of height20

Yamazaki et al., 200421 12 months of moderate 50 osteopenic/osteoporotic L2–L4 Lumbar BMD was sustained;
walking women, aged 49–75 years suppression of bone turnover 

as indicated by decreased 
urinary NTX-1 levels21

BMD - bone mineral density; FN - femoral neck; TB - total body; TH - total hip; TR - trochanter; ITH - intertrochanteric hip; WT - Ward’s triangle; RF - radial forearm

Table 1: Intervention Studies Published in the Last Ten Years Using Different Exercise Programs in Postmenopausal Women 
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approximately 75% of the variation in
bone mass, certain modifiable lifestyle
factors have a strong influence on the
remaining variation in PBM. Physical
activity and exercise have been proposed
as simple and effective means of improv-
ing bone mass and maintaining its struc-
tural integrity throughout life, and seems
to be one of the most important modifi-
able variables affecting bone.8–10 The
value of physical activity as a tool for the
prevention of osteoporosis lies in its
potential to reduce bone loss, improve
muscle strength, prevent falls, and reduce
bone fractures.1 The greater mechanical
loads on the bones of physically active
individuals are thought to result in an
increase in bone strength.2 As mentioned
above, the loads applied to bone as a
result of physical activity include the
direct impact down the long axis of the
bone during weight-bearing activities
and the torsional force on the bone as the
muscles contract. While it is well estab-
lished that the decreased mechanical
loading from physical inactivity (as in
bed rest and spaceflight) results in bone
resorption and a profound decline in
bone mass,11 the observed improvements
in bone mass resulting from increased
physical activity are less conclusive. In
other words, changes in bone mass occur
more rapidly with unloading than with
increased loading. Given that it may not
be possible to increase bone mineral den-
sity following the acquisition of peak
bone mass, it is clear that regular physi-
cal activity is essential to the effective
maintenance of bone mass and decreas-
ing the rate of age-associated bone loss.12

Education is a major component in
any prevention strategy. Research has
demonstrated that women’s willingness
to adopt healthy behaviours, including
physical activity/exercise, depends on
the level of knowledge of osteoporosis
and its antecedents.13 Unfortunately,
there appears to be a general lack of
knowledge concerning osteoporosis risk
factors, particularly on the topics of calci-
um intake and physical activity, and the
perception of low risk for developing
osteoporosis among college women per-
sists.14 Predictors of behaviour in terms

of exercise habits and calcium intake
were best explained by barriers to exer-
cise and exercise self-efficacy. It is, there-
fore, apparent that any preventative
strategy aimed at reducing the chances
for developing osteoporosis must begin
through education and that this educa-
tion must begin before women reach
menopause. An accurate knowledge of
osteoporosis and its risk factors should
help young women identify their relative
risk of developing the disease, thereby
encouraging them to reduce the risk by
taking preventative action. 

Exercise Prescription and 
Osteoporosis Management 
Regular physical activity can reduce frac-
tures, not only by increasing bone mass
but by decreasing falls though increased
muscle strength, improved balance, and
maintaining body mass. Clinical trials
have used a variety of exercise programs
to demonstrate the effectiveness of exer-
cise as an intervention strategy for reduc-
ing osteoporotic fractures. Various forms
of aerobic and resistance activities of dif-
fering intensity and duration have been
examined in postmenopausal women in
relation to bone health. Higher impact
activities have been shown to be more
beneficial for bone health in women
when compared to nonimpact types of
activity, such as swimming. It has been
reported that weight-bearing activities
produce a mechanical loading which,
combined with the force of gravity, cre-
ates electrical charges in the bone that
stimulate bone formation. Thus, activities
such as walking, jogging, weight lifting,
hiking, stair climbing, aerobics, and danc-
ing are among some of the most benefi-
cial activities. Interestingly, these types of
weight-bearing activity have been report-
ed to have a favourable influence on
weight-bearing as well as non–weight-
bearing bone in postmenopausal
women.15 Strength-training programs
have also been found to have a positive
effect on regional bone density in post-
menopausal women.16,17 Kerr et al. have
shown that the most significant gains in
bone mass can be achieved from a pro-
gram that employs a relatively heavy

load with fewer repetitions.17 Further,
long-term exercise programs using
weighted vests have been found to pre-
vent significant bone loss in older post-
menopausal women.18

Many of these studies, however,
involve only healthy postmenopausal
women. There are few studies that have
looked at the ability of women diagnosed
with osteoporosis to improve bone min-
eral density and reduce fractures through
an exercise-training program. A con-
trolled trial involving postmenopausal
women who had an established bone
loss of at least 30% has demonstrated that
bone mineral density did not change in
the strength-training group, but fell sig-
nificantly in the control group, indicating
that the physical activity was beneficial
in preventing the continued loss of
bone.19 If one examines the results of all
prospective trials of exercise, and aver-
ages the results of the bone mineral den-
sity measurements, the mean net increase
is one percent per year. Table 1 summa-
rizes the findings of exercise intervention
studies in postmenopausal conducted
over the last 10 years. 

Although the general belief is that
any prescribed exercise regimen involv-
ing osteoporosis patients is best done
under the provider’s supervision, this
may not be a prerequisite in osteoporosis
management. Walker et al. examined
neck and lumbar BMD scores of 89 post-
menopausal women (60–68 years of
age).20 Subjects were prescribed an exer-
cise regimen that was either completed at
home or in a supervised hospital setting.
The program consisted of 20 minutes of
low-load strength training and 30 min-
utes of aerobic activities (walking and
dance) at 70–80% of maximum heart rate,
twice a week. The authors concluded that
it is possible to stabilize height and BMD
at the lumbar region with the prescribed
exercise program and reported a
decreased incidence of fractures over a
five-year period, regardless of whether
the activity was done at home or in the
hospital.20 Similar findings were report-
ed by Yamazaki et al. both for lumbar
bone mineral density and biochemical
markers of bone turnover (urinary NTX-1
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levels, serum BAP, OC, and bone ALP
levels).21 Their examination of 50 post-
menopausal women (ages 49–75 years)
with osteopenia/osteoporosis included
an exercise group who walked (50%
VO2max) for one hour, four days a week,
over a one-year period. It was found that
lumbar bone mineral density was sus-
tained via suppression of bone turnover,
as indicated by decreased urinary NTX-
1 levels. While the effect on the lumbar
bone mineral density change was mod-
est, the authors were able to conclude
that exercise has an antiresorptive effect
on bone in this population.21 

In addition to the variety of exercise
modalities and intensities implemented
in the various studies, the literature also
reveals a large variation in intervention
duration, with both long duration (12
months or longer) and short (six
months or less) programs. While it is
generally agreed that it takes at least 12
months to detect any significant
changes in bone mineral density,
research has shown that the mechanism
for the exercise-induced positive
response of lumbar bone mineral den-
sity in postmenopausal women with
osteopenia/osteoporosis is the suppres-
sion of bone turnover, and that a change
as early as three months in N-telopep-
tides may be useful to predict the long-
term response of increasing lumbar
bone mineral density with exercise.21

Overall, the ideal exercise to stimulate
bone mineral density would involve long-
term, progressive, resistive-type training,
using several slow repetitions involving
overloading of some nature. Weight-bear-
ing activities are recommended while a
progressive program using a weighted
vest would also be beneficial. 

Conclusion
In summary, this review of the literature
on osteoporosis and exercise indicates that
exercise can be beneficial in the treatment
and prevention of osteoporosis. The ideal
exercise to stimulate bone mineral densi-
ty would involve long-term, progressive,
resistive-type training, using several slow
repetitions involving overloading of some
nature. If walking is the preferred activity,

then it is suggested that a progressive pro-
gram using a weighted vest would pro-
vide the overload stimulus necessary to
stimulate bone. While the optimal dose-
response between exercise and bone mass
has yet to be established, and although
there is still only minimal information on
the amount of daily physical activity
required to achieve optimal bone mass
and strength, many of the reported stud-
ies show that physical activity is beneficial
with respect to bone health, and that func-
tional loading through regular exercise
can exert a positive influence on bone
mass in aging humans.                                ◆

No competing financial interests declared.

References
1. Chan KM, Anderson M, Lau EMC. Exercise

interventions: defusing the world’s osteoporo-
sis time bomb. Bulletin of the World Health
Organization 2003;81:827–30. 

2. Snow CM, Shaw JM, Matkin CC. Physical
activity and risk for osteoporosis. In: Marcus R,
Feldman D, Kelsey J, editors. Osteoporosis. San
Diego, Cal. Academic Press, 1996: 511–28. 

3. Hansen MA, Overgaard K, Riis BJ, et al. Role of
peak bone mass and bone loss in
postmenopausal osteoporosis: 12 year study.
BMJ 1991;303:961–4.

4. Bonjour JP, Theintz G, Buchs B, et al. Critical
years and stages of puberty for spinal and
femoral bone mass accumulation during ado-
lescence. J Clin Endocrinol Metab
1991;73:555–63. 

5. Teegarden D, Proulx, WR, Martin BR, et al.
Peak bone mass in young women. J Bone
Miner Res 1995;10:711–5. 

6. Rodin A, Murby B, Smith MA, et al.
Premenopausal bone loss in the lumbar spine
and neck of femur: a study of 225 Caucasian
women. Bone 1990;11:1–5.

7. Matkovic V, Jelic T, Wardlaw GM, et al. Timing
of peak bone mass in Caucasian females and
its implication for the prevention of osteoporo-
sis. J Clin Invest 1994;93:799–808.

8. Elgan C, Dykes A-K, Samsioe G. Bone mineral
density and lifestyle among female students
aged 16–24. Gynecol Endocrinol 2002;16:91–8.

9. Shibata Y, Ohsawa I, Watanabe T, et al. Effects
of physical training on bone mineral density
and bone metabolism. J Physiol Anthropol
Appl Human Sci 2003;22:203–8.

10. Lloyd T, Petit MA, Lin HM, et al. Lifestyle fac-
tors and the development of bone mass and
bone strength in young women. J Pediatr
2004;144:776–82.

11. Caillot-Augusseau A, Lafage-Proust M-H,
Soler C, et al. Bone formation and resorption
biological markers in cosmonauts during and
after a 180-day space flight (Euromir 95). Clin
Chem 1998;44:578–85. 

12. Pescatello LS, Murphy DM, Anderson D, et
al. Daily physical movement and bone min-
eral density among a mixed racial cohort of
women. Med Sci Sports Exerc
2002;34:1966–70.

13. Jamal SA, Ridout R, Chase C, et al. Bone
mineral density testing and osteoporosis
education improve lifestyle behaviors in
premenopausal women: a prospective
study. J Bone Miner Res 1999;14:2143–9. 

14. Kasper MJ, Peterson MG, Allegrante JP. The
need for comprehensive educational osteo-
porosis prevention programs for young
women: results from a second osteoporosis
prevention survey. Arthritis Rheum
2001;45:28–34. 

15. Krall GA, Dawson-Hughes B. Walking is
related to bone density and rates of bone
loss. Am J Med 1994;96:20–6.

16. Nelson ME, Fiatorone MA, Norganti CM.
Effects of high intensity strength training on
multiple risk factors for osteoporosis. JAMA
1994;272:1909–14.

17. Kerr D, Morton A, Dick I, et al. Exercise
effects on bone mass in postmenopausal
women are site-specific and load-
dependent. J Bone Miner Res
1996;11:218–25.

18. Snow CM, Shaw JM, Winters KM, et al.
Long-term exercise using weighted vests
prevents hip bone loss in postmenopausal
women. J Gerontol: Med Sci 2000;55A:
M489–91.

19. Hartard M, Haber P, Ilieva D, et al. System-
atic strength training as a model of
therapeutic intervention: a controlled trial in
postmenopausal women with osteopenia.
Am J Phys Med Rehab 1996;75:21–8.

20. Walker M, Klentrou P, Chow R, et al. Longi-
tudinal evaluation of supervised versus
unsupervised exercise programs for the
treatment of osteoporosis. Eur J Appl Physi-
ol 2000;83:349–55.

21. Yamazaki S, Ichimura S, Iwamoto J, et al.
Effect of walking exercise on bone metabo-
lism in postmenopausal women with
osteopenia/osteoporosis. J Bone Miner
Metab 2004;22:500–8.

22. Kohrt WM, Snead DB, Slatopolsky E, et al.
Additive effects of weight-bearing exercise
and estrogen on bone mineral density in
older women. J Bone Miner Res
1995;10:1303–11.

23. Bravo G, Gauthier P, Roy M, et al. A weight-
bearing, water based exercise program for
osteopenic women: its impact on bone, func-
tional fitness, and well-being. Arch Phys
Med Rehab 1997;78:1375–80.

24. Ebrahim S, Thompson PW, Baskaran V, et al.
Randomized placebo-controlled trial of
brisk walking in the prevention of
postmenopausal osteoporosis. Age Ageing
1997;26:253–60.

25. Maddalozzo GF, Snow CM. High intensity
resistance training: effects on bone in older
men and women. Calcif Tissue Int
2000;66:399–40.


