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Osteoporosis is a common medical problem. Lifestyle
measures to prevent or help treat existing osteoporosis
often only receive lip service. The evidence for the role
of exercise in the prevention and treatment of
osteoporosis is reviewed.
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The association between mechanical stress and
bone mass was first recorded by Galileo in
1683 who noted the relationship between

body weight and bone size; but it was not until
1892 that Julius Wolff, a German anatomist real-
ised that changes in the mechanical stresses
applied to a bone influenced bone strength.1

Immobility or prolonged bed rest rapidly leads to
hypercalcuria, negative calcium balance, and
bone loss.2 However in paralysed individuals,
weightbearing without muscle activity—for ex-
ample, assisted standing—does not decrease the
urinary calcium losses or affect the bone mass.
From these findings, it would seem the duration
and force of the muscle activity on bone are
important in maintaining bone mass.3 The aim of
this paper is to review the evidence for exercise
preventing and treating osteoporosis, with the
protective effects against fracture also considered.

CROSS SECTIONAL STUDIES OF EXERCISE
AND BONE DENSITY
Many cross sectional studies have been per-
formed to investigate the effect of exercise and
activity on bone mass.4–6 Most studies have
demonstrated a positive correlation between
exercise levels and bone mass. However cross sec-
tional studies demonstrate simply an association,
and do not imply causation. Furthermore, the
association is based on lifetime exercise and does
not mean that exercise in previous sedentary
individuals can prevent or reverse osteoporosis.

(1) Population studies
Observational studies assessing physical activity
by questionnaire have demonstrated an associ-
ation between bone density, childhood physical
activity,7 current physical activity,8 and lifetime
physical activity.9 Childhood physical activity level
was significantly related to calcaneal bone min-
eral density (BMD) in 101 young women, but in
the same study, the association with current
activity level did not reach statistical
significance.7 Krall and Dawson-Hughes using a
validated questionnaire, studied participation in
outdoor walking and other leisure time physical
activity in 239 postmenopausal women. They
found significantly increased whole body, leg, and
trunk BMD in women who walked more than 7.5
miles per week compared with women who

walked less than one mile per week. In this study,
current walking activity reflected lifelong walking
habit.9 A similar association between BMD and
physical activity was reported in the lumbar spine
of postmenopausal women.10 BMD correlated sig-
nificantly with back muscle strength and level of
current physical activity. A physically active occu-
pation has also been shown to be important. Life-
long manual labour in men is associated with
reduced rates of bone loss from the metacarpal
when compared with men in sedentary
occupations.11 Two groups have used objective
methods to measure current physical activity.
Aloia and colleagues assessed current physical
activity in 24 premenopausal women using a
motion sensor and found a significant independ-
ent association with BMD at the spine, but not at
the radius.12 However other workers using a ped-
ometer in premenopausal women failed to
demonstrate an association between current
physical activity and BMD at any of the four
measured sites.13

Pocock and co-workers were the first to
demonstrate a correlation between physical fit-
ness (and by implication habitual physical activ-
ity) and bone mass.14 They objectively studied
physical fitness in 84 healthy premenopausal and
postmenopausal women aged 20 to 75 years using
predicted maximal oxygen uptake (VO2 max) dur-
ing a submaximal bicycle ergometer test. They
found VO2 max to be significantly associated with
BMD at both the femoral neck and spine, but not
at the radius. In the 46 postmenopausal women,
physical fitness was the only significant predictor
of femoral BMD. More impressive evidence for an
association between physical activity and BMD
results from the consistent association between
muscle strength and BMD. Hand grip strength
has been shown to be positively associated with
BMD at the radius in postmenopausal women,15

and a similar relationship has been described
between lumbar spine BMD and back strength.10

(2) Athletes v sedentary controls
Further support for an osteogenic effect of
exercise has come from studies comparing the
BMD of recreational or elite athletes in a variety
of different sports with sedentary controls.4 5

Numerous studies have shown higher bone
density measurements in recreational or competi-
tive runners. In a study of male and female
athletes over 50 years old who had been long dis-
tance running for an average of nearly nine years,
lumbar bone mass was higher in women and men
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compared with sedentary controls.16 A similar effect has been
reported in male cross country runners when compared with
age matched sedentary controls.17 Runners who had all been
practising the sport for at least 25 years had significantly
increased bone mass in the calcaneus, femoral shaft, head of
humerus, and distal forearm bones. Weight or strength train-
ing is associated with significantly increased BMD in athletes.
Competitive weightlifters have significantly increased lumbar
spine BMD compared with sedentary age matched controls.18

Similarly, increased BMD was reported at the spine of young
women who took part in muscle building activities compared
with individuals whose physical activity was predominantly
aerobic.19

Other weightbearing sports are also associated with
increased BMD. In a study of female college athletes and sed-
entary controls, BMD measured at the calcaneus and lumbar
spine was highest in volleyball and basketball players and was
significantly higher than sedentary controls.20 In this study,
the BMD of swimmers was no different to the BMD of seden-
tary women. Similarly Heinonen and colleagues in Finland
compared BMD in female squash players, aerobic dancers, and
speed skaters with controls.21 Squash players, speed skaters,
and dancers had significantly increased BMD compared with
the control group, with differences in BMD parallelled by dif-
ferences in isometric muscle strength. Similar results have
been described in young men where spinal mineral density
assessed by computed tomography was 14% greater in active
compared with sedentary men. Analysis of variance showed
significant differences in bone density based on type of exer-
cise, with greatest bone density seen in men taking aerobic
and weightbearing exercise.22 It is of note that two studies
have shown that BMD is maintained in older subjects in the
medium term (5–7 years); these subjects previously had an
intensive exercise regimen but adopted a less intensive
regimen.23 24

(3) Unilateral limb studies
The effect of unilateral activity on one limb of an individual
has been studied and compared with the “non-exercising”
limb. This study design has the advantage of controlling for all
other genetic and environmental influences. These studies
show a marked effect of exercise.5 In a study of female squash
players from Finland, BMD at the proximal humerus of the
racquet hand was 15.6% higher than the inactive arm and was
significantly related to the number of training years.25

INTERVENTION STUDIES
Although numerous intervention studies have been per-
formed, many are poorly designed with no proper random-
isation and inadequate sample size. However we will review
mainly randomised controlled trials and only include other
studies where randomised trials are lacking.

In a two year randomised controlled trial 127 women aged
20–35 years were allocated to either a high impact aerobic
exercise training programme, or to maintain their current
activity levels or participate in a programme of light
stretching.26 Only 63 women completed the study (31
controls) but those in the exercise group significantly
increased their BMD at the spine, femoral neck, greater
trochanter, and calcaneus compared with the control group.
Similar beneficial effects have been reported in a small
randomised controlled trial of jogging and weight training for
eight months. BMD measured at the hip and spine increased
in joggers (1.3%) and weightlifters (1.2%) compared with
controls, but the increase at the hip did not reach statistical
significance.27 Similar site specific increases have been
reported in young male rowers. In a controlled study of 17
novice rowers, spine BMD increased by 2.9% after seven
months of training.28

Chow and colleagues randomised 48 healthy postmenopau-
sal women to a control group, aerobic exercise group, or a
strength training group for one year.29 Compliance at the exer-
cise classes was 70% and at the end of the programme both
exercise groups had significantly greater bone mass than con-
trols. However, there was no significant difference between the
aerobic and strength trained groups. In an elegant study of 56
postmenopausal women, subjects were randomised to either
high repetition, low load (endurance) or high load and low
repetition (strength) training groups for one year.30 Significant
gains in BMD compared with the control limb were seen at the
hip and radius in the strength group, but only at the radius in
the endurance group. It seems likely that peak load rather
than number of repetitions is the more important factor in
achieving bone gain.

Nelson and co-workers studied the effect of a high intensity
strength training programme on femoral and lumbar BMD.31

Significant increases were seen at both sites in the exercise
group, with a fall in BMD seen in the control group. The
differences in BMD were independent of change in diet and
significant changes also occurred in muscle mass and
strength. Similar findings were reported by Lohman and col-
leagues from a programme of weightlifting in premenopausal
women.32 They found a significant increase in lumbar spine
BMD after 18 months (3%–6%), noting that the major change
in BMD took place after the first five months of exercise
(2.8%). High intensity strength training can significantly
increase BMD.

High impact exercise of increasing intensity in healthy pre-
menopausal women leads to significant increases in hip BMD
compared with controls.33 A significant increase of 1.6% in
femoral neck BMD was seen in the exercise group compared
with a reduction in BMD in controls (−0.6%) The effect was
site specific and there were no differences at non-
weightbearing sites. Bassey and Ramsdale report a similar
effect in premenopausal women after six months of high
impact (jumping and skipping) activity compared with
controls whose exercise was low impact only.34 Using a cross-
over study design, they demonstrated a similar increase in the
control group in response to high impact activity. Strength
training with non-weightbearing exercises does not appear to
lead to an increase in BMD.35 36

Regular brisk walking can maintain BMD in previously
sedentary postmenopausal women. In a prospective ran-
domised controlled trial over 12 months, BMD at the spine
and calcaneum decreased in the control group but small
increases were seen in the walking group with the differences
reaching statistical significance at the calcaneum.37 There has
been one randomised controlled trial of a “home based” exer-
cise programme in postmenopausal women.38 Women in the
exercise group were asked to flex each hip 60 times two or
three times each day with a 5 kg bag on the knee and changes
in BMD were measured at the lumbar spine. On an intention
to treat basis there was no significant benefit from exercise.
However, on subgroup analysis subjects who exercised assidu-
ously lost significantly less bone than controls.

Most intervention studies have attempted to increase BMD
at specific sites by careful targeting of the exercise. Only one
randomised study has demonstrated any significant systemic
effects of exercise on bone density.15 In postmenopausal
women there was a significant difference in the cross sectional
area of the radius after a three year walking programme,
although loss of BMD was similar in both groups.

ESTABLISHED OSTEOPOROSIS
A number of studies have demonstrated significant gains in
BMD in individuals with osteoporosis. In an open study of
postmenopausal women with a fractured forearm, patients
were asked to squeeze a tennis ball three times a day for six
weeks using their uninjured arm.39 Muscle strength improved
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significantly and bone mineral content also increased signifi-
cantly as a result of exercise. Significant improvements in
bone mass can also occur as a result of low impact exercise at
the lumbar spine of women referred with established
osteoporosis.40 Similar benefits have been reported in women
with low BMD who have taken part in strength training.41 42

Iwamoto et al in a randomised controlled trial also found that
high impact exercise increased BMD. However continued
exercise was required to maintain any gains.43

There are two randomised controlled trial of exercise in
corticosteroid induced osteoporosis. In the first, 16 male heart
transplant recipients after transplantation were randomised
to strength training or control groups. However after six
months of exercise, BMD in the exercise group had increased
significantly towards pretransplant levels but BMD in controls
remained unchanged from values two months after
transplant.44 In the other trial, low impact training in patients
with Crohn’s disease who were compliant with the pro-
gramme, lead to an increase in BMD at the hip (see box 1).45

OPTIMUM TYPE AND FREQUENCY OF EXERCISE
The duration, intensity, frequency, and optimum type of
physical activity for increasing BMD and reducing fracture
risk has not been determined. However, invasive studies of
controlled local loading in animal models suggest that the
effective osteogenic forces are at the top end of the range nor-
mally experienced, are rapid in onset, and unusual in their
strain pattern.46 Population studies involving athletes indicate
that high impact sports such as running, squash, and weight-
lifting lead to an increase in BMD, whereas low impact sports
such as swimming do not.18–22 Intervention studies also
suggest that high impact activities are better at increasing
BMD than low impact activities. Low impact activities only
seem to help prevent further loss.26 27 34 Other reviewers have
concurred with this view.47

Compliance with exercise regimens is a very important fac-
tor in trying to increase BMD and changing sedentary
lifestyles is very difficult.38 Three intervention studies have
successfully shown that previously sedentary individuals
could increase their activity levels. They shared a number of
features—(i) home based, (ii) unsupervised informal ses-
sions, (iii) frequent professional contact, (iv) walking as the
promoted exercise, and (v) exercise of moderate intensity and
lesser frequency—that were associated with higher participa-
tion. Continued exercise is also important in maintaining pre-
vious gains in BMD, otherwise bone loss recurs and previous
gains are lost.

No intervention study has assessed the effect of exercise on
the rate of osteoporotic fracture. The evidence for exercise
having a protective role against hip fracture comes from large
epidemiological studies. Paganini-Hill and colleagues, in a
study from the USA, reported an odds ratio of 0.3 for hip frac-
ture in women who had a high frequency of participation in
outdoor sports, compared with those with a low frequency of
participation.48 A similar risk reduction has been reported in
studies from Britain49 and Hong Kong.50 Cooper and colleagues
in the UK found a significantly reduced risk of hip fracture in
individuals who were physically active for more than five
hours a week.49 Kujala et al in Finland found that vigorous
exercise provided a similar protective effect for osteoporotic
hip fracture.51

CONCLUSION
Cross sectional studies have shown a positive correlation
between bone mineral density (BMD) and exercise. Interven-
tion studies suggest that high impact exercises are better at
increasing BMD (table 1). The effect is site specific. Uptake and
continued compliance is crucial to any intervention in the form
of exercise on BMD. It is the opinion of the authors that exercise
should be encouraged in those at risk of osteoporosis and those
with osteoporosis, along with other life style measures
(adequate calcium intake, stopping smoking, modest alcohol
consumption, and maintaining an adequate body weight).
Exercise has important additional benefits, such as increased

Box 1: Example of exercises involved in home based
low impact exercise programme45

(1) Five minute warm-up consisting of general whole body
pulse raising and mobility promoting activities,
followed by preparatory stretching of the main muscles
being worked in the core programme.

(2) Core programme of low impact exercises:
• Box step
• Heel presses
• Step-step-kick-step-step-back
• Upper body twists
• Cross steps
• Knee lift triangles
• Stomach exercise-shoulder lifting off floor while on

back
• Rowing action
• Bent side leg raise
• Bent leg raise
• Front leg tucks
• Side leg presses

(3) Five minute period of pulse lowering activity and
stretching.

Notes:
(i) Exercise regimen needs to be taught by suitably qualified
professionals.
(ii) Regular face to face contact with supervising professional
required.
(iii) Level of intensity at start depends on capabilities of indi-
vidual.
(iv) Intensity of exercise increased by increasing the number
of repetitions and increasing resistance to movement.
(v) Exercise regimen needs to be undertaken at least twice per
week.

Table 1 Different forms of exercise and their impact on BMD

Form of exercise Impact on BMD Sites Study

Swimming None — 20
Walking Protects against further loss Hip, lumbar spine 37
Gentle aerobic exercise

(low impact)
Protects against further loss,
may increase

Hip, lumbar spine 26, 27, 34, 40,
41, 42, 45

Vigorous aerobic exercise
(high impact)

Increases Hip, lumbar spine 21, 26, 27, 29,
33, 34

Weight training Increases Hip, lumbar spine,
radius

18, 19, 27, 29,
30, 31, 32,

Running Increases Hip, lumbar spine 16, 17
Squash Increases Hip, lumbar spine,

racquet hand
21
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muscle strength and coordination, which decrease the risk of
trauma leading to osteoporotic fractures. Exercise also has other
benefits, which are important for the general wellbeing of
patients—for example, decreasing cardiovascular disease, de-
creasing the risk of diabetes, and helping depression.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
J A Todd, R J Robinson, Glenfield Hospital, Leicester

REFERENCES
1 Wolff J. Gesetz der Transformation der Knochen. Berlin:

Springer-Verlag, 1892.
2 Schneider VS, McDonald J. Skeletal calcium homeostasis and

countermeasures to prevent disuse osteoporosis. Calcif Tissue Int
1984;36(suppl 1):S151–44.

3 Whedon GD. Disuse osteoporosis: physiological aspects. Calcif Tissue
Int 1984;36(suppl 1):S146–50.

4 Suominen H. Bone mineral density and long term exercise. An overview
of cross-sectional athlete studies. Sports Med 1993;16:316–30.

5 Bouxsein ML, Marcus R. Overview of exercise and bone mass. Rheum
Dis Clin North Am 1994;20:787–802.

6 Gutin B, Kasper MJ. Can vigorous exercise play a role in osteoporosis
prevention? A review. Osteoporos Int 1992;2:55–69.

7 McCulloch RG, Bailey DA, Houston CS, et al. Effects of physical activity,
dietary calcium intake and selected lifestyle factors on bone density in
young women. Can Med Assoc J 1990;142:221–7.

8 Stillman RJ, Lohman TG, Slaughter MH, et al. Physical activity and bone
mineral content in women aged 30 to 85 years. Med Sci Sports Exerc
1986;18:576–80.

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

10 Sinaki M, Offord KP. Physical activity in postmenopausal women: effect
on back muscle strength and bone mineral density of the spine. Arch Phys
Med Rehabil 1988;69:277–80.

11 Skrobak-Kaczynski J, Andersen KL. Age dependent osteoporosis
among men habituated to a high level of physical activity. Acta Morphol
Neerl Scand 1974;12:283–92.

12 Aloia JF, Vaswani AN, Yeh JK, et al. Premenopausal bone mass is
related to physical activity. Arch Intern Med 1988;148:121–3.

13 Mazess RB, Barden HS. Bone density in premenopausal women: effects
of age, dietary intake, physical activity, smoking, and birth-control pills.
Am J Clin Nutr 1991;53:132–42.

14 Pocock NA, Eisman JA, Yeates MG, et al. Physical fitness is a major
determinant of femoral neck and lumbar spine bone mineral density. J
Clin Invest 1986;78:618–21.

15 Sandler RB, Cauley JA, Sashin D, et al. The effect of grip strength on
radial bone in postmenopausal women. J Orthop Res 1989;7:440–4.

16 Lane NE, Bloch DA, Jones HH, et al. Long-distance running, bone
density, and osteoarthritis. JAMA 1986;255:1147–51.

17 Dalen N, Olsson KE. Bone mineral content and physical activity. Acta
Orthop Scand 1974;45:170–4.

18 Colletti LA, Edwards J, Gordon L, et al. The effects of muscle-building
exercise on bone mineral density of the radius, spine, and hip in young
men. Calcif Tissue Int 1989;45:12–14.

19 Davee AM, Rosen CJ, Adler RA. Exercise patterns and trabecular bone
density in college women. J Bone Miner Res 1990;5:245–50.

20 Risser WL, Lee EJ, LeBlanc A, et al. Bone density in eumenorrheic female
college athletes. Med Sci Sports Exerc 1990;22:570–4.

21 Heinonen A, Oja P, Kannus P, et al. Bone mineral density in female
athletes representing sports with different loading characteristics of the
skeleton. Bone 1995;17:197–203.

22 Block JE, Genant HK, Black D. Greater vertebral bone mineral mass in
exercising young men. West J Med 1986;145:39–42.

23 Wiswell RA, Hawkins SA, Dreyer HC, et al. Maintenance of BMD in
older male runners is independent of changes in training volume or
VO(2)peak. J Gerontol A Biol Sci Med Sci 2002;57:M203–8.

24 Kontulainen S, Kannus P, Haapasalo H, et al. Good maintenance of
exercise-induced bone gain with decreased training of female tennis and
squash players: a prospective 5-year follow-up study of young and old
starters and controls. J Bone Miner Res 2001;16:195–201.

25 Haapasalo H, Kannus P, Sievanen H, et al. Long-term unilateral loading
and bone mineral density and content in female squash players. Calcif
Tissue Int 1994;54:249–55.

26 Friedlander AL, Genant HK, Sadowsky S, et al. A two-year program of
aerobics and weight training enhances bone mineral density of young
women. J Bone Miner Res 1995;10:574–85.

27 Snow-Harter C, Bouxsein ML, Lewis BT, et al. Effects of resistance and
endurance exercise on bone mineral status of young women: a
randomized exercise intervention trial. J Bone Miner Res 1992;7:761–9.

28 Cohen B, Millett PJ, Mist B, et al. Effect of exercise training programme
on bone mineral density in novice college rowers. Br J Sports Med
1995;29:85–8.

29 Chow R, Harrison JE, Notarius C. Effect of two randomised exercise
programmes on bone mass of healthy postmenopausal women. BMJ
1987;295:1441–4.

30 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.

31 Nelson ME, Fiatarone MA, Morganti CM, et al. Effects of high-intensity
strength training on multiple risk factors for osteoporotic fractures. A
randomized controlled trial. JAMA 1994;272:1909–14.

32 Lohman T, Going S, Pamenter R, et al. Effects of resistance training on
regional and total bone mineral density in premenopausal women: a
randomized prospective study. J Bone Miner Res 1995;10:1015–24.

33 Heinonen A, Kannus P, Sievanen H, et al. Randomised controlled trial of
effect of high-impact exercise on selected risk factors for osteoporotic
fractures. Lancet 1996;348:1343–7.

34 Bassey EJ, Ramsdale SJ. Increase in femoral bone density in young
women following high-impact exercise. Osteoporos Int 1994;4:72–5.

35 Sinaki M, Wahner HW, Offord KP, et al. Efficacy of nonloading
exercises in prevention of vertebral bone loss in postmenopausal women:
a controlled trial. Mayo Clin Proc 1989;64:762–9.

36 Sinaki M, Wahner HW, Bergstralh EJ, et al. Three-year controlled,
randomized trial of the effect of dose-specified loading and
strengthening exercises on bone mineral density of spine and femur in
nonathletic, physically active women. Bone 1996;19:233–44.

37 Brooke-Wavell K, Jones PR, Hardman AE. Brisk walking reduces
calcaneal bone loss in post-menopausal women. Clin Sci (Lond)
1997;92:75–80.

38 Revel M, Mayoux-Benhamou MA, Rabourdin JP, et al. One-year psoas
training can prevent lumbar bone loss in postmenopausal women: a
randomized controlled trial. Calcif Tissue Int 1993;53:307–11.

39 Beverly MC, Rider TA, Evans MJ, et al. Local bone mineral response to
brief exercise that stresses the skeleton. BMJ 1989;299:233–5.

40 Chow R, Harrison J, Dornan J. Prevention and rehabilitation of
osteoporosis program: exercise and osteoporosis. Int J Rehabil Res
1989;12:49–56.

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

42 Chien MY, Wu YT, Hsu AT, et al. Efficacy of a 24-week aerobic
exercise program for osteopenic postmenopausal women. Calcif Tissue
Int 2000;67:443–8.

43 Iwamoto J, Takeda T, Ichimura S. Effect of exercise training and
detraining on bone mineral density in postmenopausal women with
osteoporosis. J Orthop Sci 2001;6:128–32.

44 Braith RW, Mills RM, Welsch MA, et al. Resistance exercise training
restores bone mineral density in heart transplant recipients. J Am Coll
Cardiol 1996;28:1471–7.

45 Robinson RJ, Krzywicki T, Almond L, et al. Effect of a low-impact
exercise program on bone mineral density in Crohn’s disease: a
randomized controlled trial. Gastroenterology 1998;115:36–41.

46 Chambers TJ, Evans M, Gardner TN, et al. Induction of bone formation
in rat tail vertebrae by mechanical loading. Bone and Mineral
1993;20:167–78.

47 Bassey EJ. Exercise in primary prevention of osteoporosis in women.
Ann Rheum Dis 1995;54:861–2.

48 Paganini-Hill A, Ross RK, Gerkins VR, et al. Menopausal estrogen
therapy and hip fractures. Ann Intern Med 1981;95:28–31.

49 Cooper C, Barker DJ, Wickham C. Physical activity, muscle strength,
and calcium intake in fracture of the proximal femur in Britain. BMJ
1988;297:1443–6.

50 Lau E, Donnan S, Barker DJ, et al. Physical activity and calcium intake in
fracture of the proximal femur in Hong Kong. BMJ 1988;297:1441–3.

51 Kujala UM, Kaprio J, Kannus P, et al. Physical activity and osteoporotic
hip fracture risk in men. Arch Intern Med 2000;160:705–8.

Osteoporosis and exercise 323

www.postgradmedj.com

http://pmj.bmj.com

