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Abstract: Background: Physical activity has been recommended for the prevention and even treatment of osteoporosis 
because it potentially can increase bone mass and strength during childhood and adolescence and reduce the risk of falling 
in older populations. However, few reports have systematically investigated the effect of physical activity on bone in men 
and women of different ages. 

Purpose: The goal of this study was to review the literature relating to the effect of physical activity on bone mineral 
density in men and women of various ages. 

Method: This review systematically evaluates the evidence for the effect of physical activity on bone mineral density. 
Cochrane and Medline databases were searched for relevant articles, and the selected articles were evaluated. 

Results: The review found evidence to support the effectiveness of weight bearing physical activity on bone accrual 
during childhood and adolescence. The effect of weight bearing physical activity was site-specific. In contrast, the role of 
physical activity in adulthood is primarily geared toward maintaining bone mineral density. The evidence for a protective 
effect of physical activity on bone is not as solid as that for younger individuals. 

Conclusions: The effect of weight bearing physical activity is seen in sites that are exposed to loading. There also seems 
to be a continuous adaptive response in bone to loading. Additional randomized, controlled studies are needed to evaluate 
the effect of physical activity in the elderly. 
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INTRODUCTION 

 Osteoporosis is an increasing global health care problem. 
It is characterized by a reduction in bone mass and micro-
structural changes that lead to increased fracture suscep-
tibility. Given that fractures are a significant cause of morta-
lity and painful impairment in the Western World, the 
identification and optimization of factors affecting the 
incidence of osteoporosis are critical [1-3].  
 Physical activity is considered to be the most important 
modifiable environmental factor with the potential to 
increase or maintain bone mineral density (BMD) in both 
children and adults [4-13] and to reduce the risk of falling in 
older populations. Physical activity has therefore been re-
commended for the prevention and treatment of osteoporosis 
[14, 15]. 
 Mechanical loading, such as physical activity, stimulates 
bone formation and thus aids in regulating bone size, shape 
and strength. Bending loads causes deformations in the bone 
matrix, generating fluid pressure differences from the com- 
pression side to the tension side through extracellular spaces 
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in canaliculi and lacunae. This fluid shear stress may be a 
way by which the bone cell network senses mechanical 
loading [16, 17]. The fluid flow generated by loading causes 
shearing stresses on the cell membranes in osteoblastic and 
osteocytic cell lines, disrupts junctional communication, 
rearranges junctional proteins, and determines the de novo 
synthesis of specific connexins to an extent that depends on 
the magnitude of the shear stress. The disconnection that 
results from fluid shear stress on the bone cell network may 
be part of the signal whereby the disconnected cells or the 
remaining network initiates focal bone remodeling [18]. 
Experimental studies in rats suggest that there is an imme-
diate and delayed response in bone formation following 
mechanical stimulation [19, 20]. The immediate response 
results from the activation of bone lining cells into osteo-
blasts [20], and the delayed response occurs due to preosteo-
blast proliferation and differentiation into osteoblasts [19].  
 High magnitude strains from different angles and with 
fairly few repetitions have been suggested to induce the most 
pronounced increases in bone mass [21-26]. Typically, 
ground reaction forces during activities such as jumping can 
reach 6-7 times the body weight; in especially osteogenic 
sports, such as gymnastics, the ground reaction forces can be 
as high as 10-15 times the body weight. Normal daily 
activities, such as walking or running typically exert forces 
up to 1-2 times the body weight and are applied with the 



12     The Open Bone Journal, 2011, Volume 3 Nordström et al. 

same angle every time [27]. It has been suggested the load-
ing related to high-impact and odd-impact activities like 
racket games, soccer and gymnastics best stimulates the 
bone formation [28-30].  
 The importance of weight-bearing loading to maintain 
bone strength becomes apparent in studies investigating the 
effects of skeletal unloading. Indeed, microgravity-induced 
bone loss is a model that is frequently used to study disuse 
osteoporosis. One review estimates a 1-2% loss of BMD 
each month (depending on the skeletal site) when the 
skeleton is exposed to micro-gravity [31]. Studies, although 
with small cohorts, have shown BMD losses predominantly 
at weight-bearing sites, such as the calcaneus and tibia, 
whereas there have been no measurable losses of bone in 
non-weight-bearing sites, such as the radius [32]. Bed rest is 
another model often used to study disuse osteoporosis [33-
35]. LeBlanc et al. studied 6 patients that were confined to 
bed rest for 17 weeks [35]. The patients exhibited BMD 
losses of approximately 0.4% per month in their legs. 
Zerwekh et al. found BMD decreases of 0.95% per month in 
the greater trochanter, but no decrease was detected at the 
radius after 12 weeks of bed rest in healthy subjects [33]. 
However, there are a few studies showing that treadmill 
exercise within a lower body negative pressure chamber in a 
supine position counteracts the negative effects of stimulated 
microgravity on bone. Smith et al. and Cao et al. show that 
weight-bearing axial loads stimulated by a lower body 
negative pressure chamber improve some of the negative 
effects on bone metabolism and lumbar spine deconditioning 
during a 4-week bed rest [36, 37].  
 Thus, indirect evidence supports the theory that physical 
activity positively affects bone mass. However, more evi-
dence of the beneficial effects of physical activity is needed 
before recommending physical activity as a community-
based prevention strategy. This review aims to examine the 
current evidence for the effects of physical activity on the 
development of bone mass, peak bone mass and osteoporosis 

and fracture prevention. Tables 1-6 summarize the current 
literature regarding such benefits. 

METHODS 

 A comprehensive systematic search was undertaken in 
the PubMed, Medline, EMBASE, and the Cochrane con-
trolled trials databases to identify studies of physical activity 
and bone parameters such as bone accrual, bone mineral 
density, bone mineral content, bone area, osteoporosis and 
fractures. Medical subject headings used were "physical 
activity" or “exercise”. These subject headings were then 
combined with dual-energy X-ray absorptiometry (DEXA or 
DXA), pheripheral dual-energy X-ray absorptiometry 
(pDEXA or pDXA), QUS quantitative ultrasound (QUS) and 
pheripheral quantitative computed tomography (pQCT). 
Search terms were explored. Reference lists from retrieved 
publications and review articles identified by the outlined 
search strategy were reviewed to identify further studies. 
From the relevant papers included in the search, a further 
search was undertaken by choosing the connection “related 
manuscripts”. The computerized searches covered the period 
January 1966 to November 2009. Hard copies of retrieved 
publications were obtained. Publications were eligible for 
inclusion if information on the effects of physical activity on 
bone mass and strength was presented. Excluded were non- 
English language publications and papers that had been 
published outside of peer review journals.  

RESULTS 

Literature Review 

Physical Activity and Infants 

 Even in such young ages as infancy, there have been 
documented positive effects of physical activity programs on 
bone growth and mineralization [38-42] (Table 1). Interven-

Table 1. Randomized, Controlled Intervention Studies of the Effects of Physical Activity on Bone Parameters in Infants 
 

Author Participants Study period Intervention/ Exercise Measurements Results 

Nemet [38] 
et al. 

24 low birth weight 
premature infants 4 weeks 

Passive range of motion exercise 
and gentle compression 5-10 min 

per day, 5 days per week 
BSAP, PICP, ICTP, weight 

Weight, BSAP, PICP increased 
significantly in Ig compared to 

Cg, ICTP decreased 
significantly compared to Cg 

Moyer-
Mileur [40] 

et al. 

33 low birth weight 
premature infants 4 weeks 

Passive range of motion exercise 
and gentle compression 5-10 min 

per day, 5 days per week 

Forearm BA, BMC, BMD, 
BAP, Pyd 

Forearm BA BMC greater in 
intervention groups compared in 
Cg. serum BAP decreased in Cg 

but not intervention groups 

Moyer-
Mileur [41] 

et al. 

32 low birth weight 
premature infants 4 weeks 

Passive range of motion exercise 
and gentle compression 5-10 min 

per day, 5 days per week 

Forearm length, weight, 
pDEXA of forearm BA, 
BMC, BMD PICP, Pyd, 

PTH, 1,25(OH) vitamin D3 

Ig gain significantly in forearm 
length, weight, BA, BMC, fat 
free mass. PICO constant in Ig 

and decreased in Cg 

Litmanovitz 
[39] et al. 

24 low birth weight 
premature infants 4 weeks 

Passive range of motion exercise 
and gentle compression 5-10 min 

per day, 5 days per week 

QUS of mid tibial shaft, 
BSAP, ICTP 

SOS decreased in controls but 
not in Ig 

Litmanovitz 
[42] et al. 

16 low birth weight 
premature infants 8 weeks 

Passive range of motion exercise 
and gentle compression 5-10 min 

per day, 5 days per week 
SOS, BSAP, ICTP SOS decreased in controls but 

not in Ig 

BMD=bone mineral density, BMC=bone mineral content, BA=bone area, TB=total body, LS=lumbar spine, FN=femoral neck, QUS=quantitative ultrasonography, SOS=speed of 
sound, BAP=bone alkaline phosphatase, BSAP=bone-specific alkaline phosphatase, ICTP=carboxy-terminal telopeptide of type-I collagen, PICP=procollagen type I C-terminal 
propeptide, Ig=Intervention group, Cg=Control group, PreM=pre menarcheal group, PostM=post menarcheal group, PF=proximal femur, TR=trochanter, NS=non significant, 
BUA=broadband ultrasound attenuation. 
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tion studies have been performed on premature infants who 
were at risk of osteopenia due to early birth and subsequent 
hospitalization in a neonatal intensive care unit. Moyer-
Mileur et al. designed range-of-motion exercises against 
passive resistance, which were performed in all extremities 
for 5 to 10 min daily, resulting in greater gains in bone mine-
ral content (BMC) and bone area (BA) in the treatment 
group compared to controls [40, 41].  

Physical Activity and Children 

 Physical activity has been described as one of the best 
strategies to optimize skeletal development in children. The 
childhood period is thought to be an opportune time to 

potentiate bone modeling and enhance peak bone mass; 
therefore, it is of great importance to study the impact of 
physical activity on the growing skeleton.  
 Consistent findings from several randomized, controlled 
intervention studies, as well as cross-sectional and observa-
tional studies, have shown that weight bearing physical 
activity increases both bone size and BMD at weight bearing 
sites in 6 – 12-year-old boys and girls [4-7, 10, 29, 43-46] 
(Table 2a and b). One randomized, controlled study, how-
ever, did not show any positive effects of physical activity in 
girls. In this study, 87 girls took part in 10 minutes of high 
impact training 3 times per week over a period of 7 months, 

Table 2a. Cross-Sectional and Observational Studies of the Effects of Physical Activity on Bone Modeling in Children 51 
 

Reference Design Participants Study 
period 

Intervention/ 
Exercise Measurements Results 

Haapasalo 
[54] et al. 

Cross-
sectional 

91 girls,  
age 7-17 + 58 controls  Tennis players + 

Cg 

BMD, dominant, 
non dominant 

arms, LS 

BMD of playing and non playing arms 
significant in tennis players. In non-

dominant distal radius, no differences 
between groups 

Bailey 
[51] et al. 

Observational 
longitudinal 

60 boys, 53 girls,  
age 8-14 years 6 years 

Divided into 
inactive average 
active and active 

BMC of TB,  
LS, PF 

TB, FN, BMC increased significantly 
in active vs. inactive 

Lehtonen-
Veromaa 
[48] et al. 

Observational 
longitudinal 

155 girls, age 9-15 
years Tanner stage 

registered 
1 year Gymnasts,  

runners, Cg 
BMD, BA of  

PF, LS 
FN, Tr BMD increased significantly 

in gymnasts than Cg and runners 

Slemenda 
[58] et al. 

Observational 
longitudinal 

90 twins, 6-14 years 
Tanner stage registered 3 years Correlation 

analysis 
BMD of R, PF, LS 

R, PF, LS BMD 
Significantly correlated to  

physical activity 

Bass[29]  
et al. 

Observational 
longitudinal 

45 female gymnasts, 
age 10 yrs 50 controls 

12 
months Gymnastics BMD of TB, 

spine, legs 
Gymnast increased more at all sites 

compared to Cg 
BMD=bone mineral density, BMC=bone mineral content, BA=bone area, TB=total body, LS=lumbar spine, FN=femoral neck, PF=proximal femur, Tr=trochanter, R=radius, 
Cg=Control group. 

Table 2b. Intervention Studies of the Effects of Physical Activity on Bone Modeling In Children 
 

Reference Design Participants Study 
period Intervention/ Exercise Measurements Results 

Mckay [6]  
et al. RCT 144 children 

6-10 years 
8 

months 
High impact 3 times a week, 

school intervention 
BMD, BMC, BA of 

TB, LS, PF 
Tr BMD increased significantly more 

in the Ig than Cg 

Fuchs [7]  
et al. RCT 

51 boys, 38 
girls 

5.9-9.8 years 

7 
months 

High impact 3 times a week, 
school intervention 

BMD, BMC, BA of 
LS, FN 

FN, LS BMC, LS BMD and FN BA 
increased significantly 

Morris [4]  
et al. RCT 71 girls 

9-10 years 
10 

months 
High impact 3 times a week, 

school intervention 
BMC, BMD, BA of 

PF, FN, LS, TB 
All BMD, BMC sites and FN BA 

increased significantly in Ig than Cg 

Bradney [5] 
et al. RCT 40 boys 

8.4-11.8 years 
8 

months 
Weight bearing 3 times a 
week, school intervention 

BMD, BMC of TB, 
LS 

TB, LS, legs BMD increased  
significantly in Ig than Cg 

Alwis [45]  
et al. RCT 7-9 years 

80 boys 2 years 
General physical activity 

school based intervention, 40 
min, 3 times a week 

BMC of TB, LS, FN LS BMD increased significantly more 
in Ig than Cg 

MacKelvie 
[47] et al. RCT 87 girls Ig + 90 

in C, 8.7 -11.7 
7 

months 
10 min high impact, 3 times a 

week 

BMD, BMC of TB, 
LS, PF, FN, Tr, 
vBMD in FN 

NS 

MacKelvie 
[43] et al. RCT 75 girls, 8.8-

11.7 years 
20 

months High impact, 3 times a week BMC of TB, LS, PF FN, LS BMC increased significantly 
more in Ig than in Cg 

MacDonald 
[44] et al. RCT 

281 boys and 
girls, 129 
controls 

16 
months High impact, 5 times a week BSI of dT and SSI at 

TMS with pQCT 

BSI increased significantly more in 
prepubertal boys than postpubertal 

boys and girls 

Heinonen 
[52] et al. CT 139 girls 

10-15 years 
9 

months 
Step aerobics + extra 

jumping 2 times a week BMC of LS, PF LS, PF BMD increased significantly 
more in PreM than in PostM and Cg 

BMD=bone mineral density, vBMD=volumetric bone mineral density, BMC=bone mineral content, BA=bone area, TB=total body, LS=lumbar spine, PF=proximal femur, 
LS=lumbar spine, FN=femoral neck, Tr=trochanter, dT=distal tibia BSI=bone strength index, DT=distal tibia, SSI=polar strength strain index, pQCT=Peripheral quantitative 
computed tomography, TMS=tibial midshaft, preM=pre menarcheal, postM=post menarcheal, Ig=Intervention group, Cg=Control Group. 
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compared to the 90 controls [47]. The girls who were early 
pubertal (Tanner stage 2 and 3) and took part in the 
intervention gained more BMD than the controls in both the 
femoral neck and lumbar spine when compared to controls in 
the same pubertal stage. In prepubertal girls (Tanner stage 1), 
there were no differences between the intervention group and 
controls. Lehtonen-Veromaa et al. showed a dose-response 
effect in peripubertal girls when studying a cohort of 
gymnasts, runners and controls [48]. The gymnasts had 
greater increases in the femoral neck BMD compared to both 
runners and controls during the 1-year observational study. 
 During the transitional period between childhood and 
adolescence, biological factors associated with bone growth 
and development varies noticeably depending on a child's 
level of physical maturity. This phenomenon is further 
complicated by the rapid biological changes observed during 
this relatively short time frame. Nonetheless, pre-adole-
scence (i.e., Tanner stages 2-4) is suggested to be an oppor-
tune time to intervene with physical activity, given that 
insulin-like growth factor 1 (IGF1) levels peak during this 
period; it has been suggested that IGF1 could be a mediator 
or promoter of the effects of physical activity [49, 50]. It has 
also been suggested that up to 26% of total body peak bone 
mass is acquired during this approximately two-year period 
[51]. Indeed, data from one intervention study [52] and two 

cross-sectional studies indicate that physical activity in girls 
is more beneficial for bone gain in early puberty than after 
[53, 54].  

Physical Activity and Adolescents 

 The effects of physical activity on adolescents’ bone gain 
are not as clear as those seen in children, and data are more 
limited (Table 3). Cross-sectional studies have shown a 
higher bone mass in athletes of both genders involved in 
weight-bearing activities than in sedentary controls [55-57]. 
A cross-sectional study also found a larger bone size and a 
higher bone mineral content in adolescent boys participating 
in high-impact activities one hour or more per day, compared 
to those who were less active [56]. The limitations of these 
studies include small sample sizes, cross-sectional study 
designs, and the risk of selection bias due to a genetic 
predisposition to higher BMD in athletes. More consistent 
results from observational longitudinal studies suggest that 
participation in weight-bearing activities increases bone 
mass in both boys and girls [46, 58-61]. One 3-year obser-
vational study showed higher gains in bone mass in male 
athletes taking part in badminton and ice hockey compared 
to sedentary controls [60].  
 Results from intervention studies of the effects of 
physical activity on bone mass show a positive correlation in 

Table 3. Effects of Physical Activity on Bone Modeling In Adolescents 
 

Author Study Design Participants Study 
period 

Intervention/ 
Exercise Measurements Results 

Heinonen 
[55] et al. 

Cross-
sectional 

84 athletes and 25 
controls, age 13-32  

18 squash players, 27 
aerobic dancers, 14 
speed skaters, 25 

active controls, 25 
sedentary controls 

BMD of LS, FN, distal 
femur, patella, prox 
tibia, calcaneus, dist 

radius 

Squash players had sign higher BMD 
compared to sedentary Cg at LS, FN, 

prox tibia, calcaneus. Aerobic 
dancers and speed skaters had higher 
BMD at FN, prox tibia, calcaneus vs. 

sedentary Cg 

Ginty [56] 
et al. 

Cross-
sectional 128 boys, 16-18 yrs  

Questionnaire 
assessment of 

physical activity 

BMD, BMC, BA of 
TB, hip, spine, forearm 

Size adjusted BMC sign associated 
with time spent in high impact 

activities 

Welten 
[57] et al. Retrospective 84 boys, 98 girls, 

27 years  Interview evaluating 
exercise levels BMD of LS LS association significant 

Forwood 
[61] et al. 

Observational 
longitudinal 

109 males, 121 
females, age 15-22 7 years Inactive, average 

active, highly active 
BMC of TB,  
PF, HAS, Z 

PF, TB BMC, CSA, Z increased 
significantly in highly active vs. 

inactive 

Gustavsson 
[60] et al. 

Observational 
longitudinal 56 boys, age 16 3 years Athletes 

Cg 
BMD of TB, FN, H, LS 

vBMD of FN 
Athletes gained significantly more in 
nondominant H, FN BMD than Cg 

Nordström 
[59] et al. 

Observational 
longitudinal 46 boys, age 17 4 years 

Ice hockey players, 
badminton players 

Cg 

BMD of FN, H, PF, LS 
BMC of FN, H, PF, LS 

FN BMD, BMC and H BMC 
significantly higher gain in badminton 
players than in Cg, Greater gain in Hip 

BMC and ice hockey players 

Blimkie 
[63] et al. CT 36 girls,  

14-18 years 
6 

months 
Resistance training 3 

times a week BMC, BMD of TB, LS NS 

Witzke 
[62] et al. CT 53 girls,  

age 13-15 years 
9 

months 

High impact 
3 times a week 

school intervention 
BMC of TB, LS, PF NS 

Snow-
Harter [8] 

et al. 
RCT 52 women  

19.9±0.7 years 8 month 
Weight lifting or 
running 3 times a 
week + controls 

BMD, BMC of the FN 
and LS 

LS BMD increased significantly 
more in runners and weightlifters 

than in controls 

Weeks[9] 
et al. RCT 46 boys, 53 girls, 

13.8 years 
8 

months 
High Impact 

2 times a week 

Calcaneal BUA, BMC, 
BMD, BA of FN, TR, 

LS, TB 

Size adjusted BMC sign associated 
with time spent in high impact 

activities 
BMD=bone mineral density, BMC=bone mineral content, BA=bone area, LS=lumbar spine, FN=femoral neck, CSA=cross-sectional area, Z=section modulus, TB=total body, 
H=humerus, Ig=Intervention group, Cg=Control group, PreM=pre menarcheal group, PostM=post menarcheal group, PF=proximal femur, Tr=trochanter, NS=non significant, 
BUA=broadband ultrasound attenuation, HAS=hip strength analysis. 
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both male and female adolescents [8, 9, 62, 63]. Conse-
quently, weight bearing, high-impact activity during adole-
scence seems to be important for skeletal mineralization.  

Physical Activity and Premenopausal Women 

 Positive osteogenic effects that seem to be site specific 
have been seen in  high-impact physical activity intervention  

Table 4. Effects of Physical Activity Intervention Studies on Bone Parameters in Premenopausal Women 
 

Reference Design Participants Study period Intervention/ Exercise Measurements Results 

Heinonen [64] 
et al. 

Follow up 
study 

49 women, 
35-45 years 8 months 

High impact 
3 times a week  

continued training 

BMD of R, LS, 
FN 

FN BMD 
increased significantly in 

Ig vs. Cg 
Lohman [67]  

et al. RCT 56 women 
28-39 years 18 months Resistance 

Calcium supplement 
BMD of TB, 

LS, PF 
Tr, LS BMD increased 

significantly in Ig vs. Cg 
Gleeson [35]  

et al. CT 68 women 12 months Weight lifting 
Calcium supplement BMD of LS NS 

Bassey [65] 
et al. RCT 

55 women, 
mean age  
37.5 years 

5 months High impact 
3 times a week BMD of PF, LS Tr BMD increased 

significantly in Ig vs. Cg 

Sinaki [68]  
et al. RCT 96 women, 

30-40 years 3 years Weight lifting 
Calcium supplement 

BMD of LS,  
PF, R NS 

Winters [66]  
et al. CT 65 women, 

30-45 years 12 months High impact BMD of TB, Tr, 
FN, LS 

Tr BMD increased 
significantly in Ig vs. Cg 

Vainionpaa 
[12] et al. RCT 120 women, 35-

40 years 12 months High impact 3 times a weekend 
daily home exercise program 

BMD of FN, Tr, 
ITr, W, F, L1-
L4, uR, R, U 

SOS of C 

FN, Tr, ITr, F, L1 
increased significantly in 

Ig vs. Cg 

Kato [69] et al. RCT 
36 young 

women, mean 
20 years 

6 months 10 maximal jumps/day 3 times a 
week 

BMD LS, FN, 
W, Tr 

FN, LS BMD increased 
significantly more in Ig vs. 

Cg 

Winters-Stone 
[13] et al. RCT 

35 interventions, 
24 controls 34-45 

yrs 
12 months 

Upper + lower body resistance 
activity + jumps or Lower body 

resistance activity + jumps, controls 

BMD of hip, 
FN, LS, TB at 0, 

6, 12 months 

Greater trochanter BMD in 
activity groups vs. Cg 

BMD=bone mineral density, LS=lumbar spine, FN=femoral neck, TB=total body, F=femur, PF=proximal femur, W= Ward´s triangle, Tr=trochanter, ITr=intertrochanter, 
C=calcaneus, R=radius, U=ulna, uR=ultradistal radius, SOS=speed of sound, Ig=Intervention group, Cg=Control group, NS= non significant. 

Table 5. Effects of Randomized, Controlled Physical Activity Intervention Studies on Bone Parameters in Postmenopausal Women 
 

Reference Participants Study period Intervention/ Exercise Measurements Results 

Kerr [75]  
et al. 

56 women,  
40-70 years 1 year Endurance resistance or high load 

resistance, one side used as Cg BMD of R, PF 
PF, R BMD increased significantly  
in high load vs. Cg and R BMD in 

endurance resistance 
Sinaki [77]  

et al. 
65 women,  
49-65 years 2 years Resistance BMD of LS NS 

Sandler [70] 
et al. 

255 women, 
49-65 years 3 years Walking BMD of R  

measured with CT NS 

Nelson [72]  
et al. 

40 women,  
50-70 years 1 year Weight lifting 2 times a week BMD, BMC  

of TB, FN, LS 
FN, LS BMD increased 
significantly in Ig vs. Cg 

Grove [71]  
et al. 

15 women,  
49-64 years 1 year High impact, low impact, Cg BMD of LS LS BMD in Cg decreased  

significantly maintenance of Ig 
Brooke-Wavell 

[76] et al. 
84 women,  
60-70 years 1 year Walking or Cg BMD of LS, FN, C BMD C increased significantly  

in Ig vs. Cg 

Karinkanta 
[80] et al. 

149 women, 
70-78 years 1 year Resistance, balance. jumping or 

combination , Control 

DEXA BMD, BMC and 
pQCT of the DT, TS, Rs, 

dR 

TS bone strength index decreased 
significantly less in Ig than in Cg 

Prince[65] 
et al. 

168 women, 
50-70 years 2 years Weight lifting and/or calcium 

supplement BMD of LS, PF BMD of PF exercise + calcium  
increased significantly vs. calcium 

Bassey [73]  
et al. 

44 women,  
50-60 years 1 year Weight bearing or Cg BMD of PF, LS, R NS 

Englund [78] 
et al. 

48 women,  
66-87 yrs 1 year 

50 Combined weight bearing acti-
vity twice per week (strengthening, 

aerobic, balance, coordination) 
BMD of TB, FN BMD wards triangle increased 

significantly vs. controls 

Korpeleinen 
[79] et al. 

160 women, 
mean age 72 yrs 30 months 60 min balance, jumping, walking 

and 20 min home program daily 
BMD FN, trochanter, tot hip, 

R, C at 0, 12, 30 months 
BMD at FN, tr decreased 

significantly in Cg but not in Ig 
BMD= bone mineral density, LS=lumbar spine, FN=femoral neck, TS=tibial shaft, dT= distal tibia, TB=total body, PF=proximal femus, C=calcaneus, R=radius, Rs=radial shaft, 
dR=distal radius, pQCT= Peripheral quantitative computed tomography, CT=computed tomography, Ig=Intervention group, Cg=Control group, NS=non significant. 
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studies [11-13, 64-69] (Table 4). In the majority of the 
studies, the exercise intervention was conducted three times 
a week. In general, studies that used weight training as an 
intervention failed to show any effects on bone mass [35, 
68]. However, one study did show small but significant 
increases in bone mass after 18 months of resistance training 
combined with calcium supplementation [67]. The inconsist-
ency in these findings may be explained by the dissimilar 
ages represented in the different studies as well as differ-
ences in the performed activities; additionally, the study 
groups have been rather small and dropout rates relatively 
high in some of the studies. Moreover, it is possible that 
some of the training programs did not impose enough 
skeletal loading to increase BMD.  

Physical Activity and Postmenopausal Women 

 Previous randomized studies investigating the effects of 
physical activity on BMD in postmenopausal women have 
yielded varying results [70-80] (Table 5). Only one study 
used high-impact activity versus low-impact activity as an 
intervention [71]. In this study, there were no differences 
between the effects of high- and low-impact activity; both 
study groups maintained their lumbar BMD, whereas 

controls decreased. However, three randomized intervention 
studies have studied the effects of combined weight-bearing 
activity on bone mass in women in ages 66-87 [78-80]. 
These studies showed improvements in bone density and 
structure, as well as in functional capacity and muscle 
strength. It was also shown that these changes in bone 
structure and dynamic balance were partially maintained one 
year after cessation of supervised training [71, 80]. 
 In postmenopausal women, no dose-response relationship 
between physical activity and BMD has been observed. The 
effect of physical activity on BMD in postmenopausal 
women seems to be modest. Most controlled trials use resist-
ance training as the primary intervention. Possibly, some of 
the training programs have not imposed enough skeletal 
loading to increase BMD. It seems that, in some cases, 
physical activity might diminish BMD loss in sites that are 
exposed to mechanical loading. It is difficult to draw con-
clusions from these studies given the differences in study 
design, including duration of the interventions, limited and 
varying numbers of study subjects and the differences in 
types of assigned physical activity. Additionally, some 
studies were flawed with rather high dropout rates of up to 

Table 6a. Cross-Sectional Studies of the Effects of Physical Activity on Bone Modeling in Men 
 

Reference Participants Intervention/Exercise Measurements Results 

Fredericson 
[82] et al. 

45 men, 15 soccer players, 
15 long distance runners, 

15 c age 20-30 
 BMD of LS, hip, 

leg, TB, C 

Soccer player had greater BMD at TB, LS, leg, 
C than Cg and higher hip, spine compared to 
runners. Runners had higher calcaneal BMD 

compared to Cg 

Calbet [84] 
et al. 

15 volley ball players,  
15 controls  BMD, BMC of TB, 

LS, FN 
TB BMC greater in V, vs. Cg BMD greater in 

TB, LS, FN 

Calbet [85] 
et al. 

9 tennis, 26+-6 yrs players, 
17 controls 24+-3yrs  BMD, BMC of TB, 

LS, FN 

BMC of arms greater in dominant vs. non 
dominant in tennis players. BMC greater in 

dominant arm vs. c. BMD of LS, FN greater in 
tennis players vs. Cg 

Nevill [89] 
et al. 

106 athletes,  
15 C 27. 8 +-7.2 yrs 

Cycling, keep fit, racquet sports, 
rowing, rugby, strength, triathlon, 

upper body 
BMD of TB 

Rugby players, strength athletes in TB, all sub 
measurements vs. Cg. Strength athletes. BMD 
in athletes greater in arms, legs, LS. Racquet 

players greater BMD at LS, pelvis, legs 

Wittich [83] 
et al. 

24 football players, 22 
controls age 22 +-2.5 yrs  BMD, BMC, BA of 

TB 
BMC TB, BMC, BMD, BA of pelvis, legs 

greater in football players vs. Cg 

Magkos 
[87] et al. 

52 men, 17-30 yrs: 21 
runners, 16 swimmers,  

15 controls 
 BMD of total body 

Runners sign higher leg BMD vs. c 
Swimmers significantly lower leg, tot BMD 

vs. Cg 

Morel [88] 
et al. 

704 amateur athletes,  
mean age 30 

14 different sports rugby, soccer, 
other team sports, endurance run-

ning, fighting sports, bodybuilding, 
multiple weight-bearing activities, 

swimming, swimming with flippers, 
biking, rowing, climbing, triathlon 

and multiple mixed activities 

BMD of TB 

Rowers, swimmers had lower leg and TB 
BMD. Participants in team sports, rugby, 

soccer and fighting sports had higher TB and 
leg BMD 

Nichols 
[90] et al. 

Male cyclists, older 27 age 
51, 16 young adults age 32, 

24 age matched controls 
 BMD of TB, LS, 

Hip, Ls BMD lower in older cyclists vs. young 
cyclist and controls. TB BMD of older cyclists 

were lower compared to younger cyclists 

Rector [91] 
et al. 

27 cyclists, 16 runners,  
20-59 yrs of age  BMD TB Runners had significantly higher BMD of TB, 

spine 

Daly [92]  
et al. 161 men, age 50-87  

DEXA hip, spine, 
ultra distal BMD, 

QUS heel bone, QCT 
spine, mid femur 

Osteogenic index calculated from previous 
physical activity during 1- 50 years was associa-
ted with greater mid femur total and cortical area, 

BMC, polar moment of inertia, heel VOS 
BMD=bone mineral density, LS=lumbar spine, FN=femoral neck, TB=total body, C=calcaneus, Rs=radial shaft, udR=ultra distal radius, DEXA=dual energy x-ray absorptiometry 
QUS=Quantitative Ultrasonography, pQCT=Peripheral quantitative computed tomography, CT=computed tomography, VOS=velocity of sound, Ig=Intervention group, Cg=Control 
group. 
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30%. Furthermore, in some studies, calcium supplements 
were used as an intervention together with physical exercise 
[80, 81]. Finally, ethnicity, hormone replacement therapy 
treatment, calcium substitution and smoking were not 
uniformly accounted for. 

Physical Activity and Men 

 Cross-sectional studies have shown that male athletes 
involved in weight-bearing activities have higher BMD than 
inactive controls [82-86] or athletes in non-weight-bearing 
sports such as swimming [87, 88] or cycling [89-91] (Table 
6a and b). The data from two longitudinal observational 
studies [92, 93] and 3 retrospective studies indicate that 
weight-bearing physical activity and an active lifestyle 
appear to be associated with higher BMD and decreased 
bone loss at weight-bearing sites in men [94-96]. However, it 
must be kept in mind that there is always risk for recall bias 
in retrospective studies. 

 Only one randomized, controlled intervention study has 
investigated the effects of physical activity on bone mass in 
young men [97]. This 4-month study used weight lifting as 
the intervention activity and failed to show any significant 
differences in BMD between weight lifters and controls. An 
intervention time of 4 months is most likely too short to 
detect any changes in BMD measured by Dual Energy X-ray 
Absorptiometry (DEXA), since a single bone remodeling 
cycle is estimated to last 5-6 months [98].  

Physical Activity and Fractures 

 When studying the possible effects of physical activity in 
the elderly, the focus has mainly been on associations 
between physical activity levels and fracture risk. Although 
most studies suggest that previous high levels of physical 
activity is associated with lower hip fracture incidence, there 
are no prospective studies evaluating whether lifelong 
exercise protects against fragility fractures in old age [99, 

Table 6b. Effects of Physical Activity Intervention Studies in Men 
 

Reference Study design Participants Study 
period 

Intervention/ 
Exercise Measurements Results 

Nguyen 
[94] et al. Retrospective 690 men, age 60 years 

and above  Interview evaluating 
exercise levels 

BMD of LS, 
FN 

FN BMD association significant 
but not after adj. for age and BMI 

Delvaux 
[93] et al. Retrospective 126 men, age 40  Questionnaire evaluating 

exercise levels BMD, BMC 
TB, LS BMD and 
BMC of TB, LS 

BMD of TB, LS and BMC of LS 
significant associated with Baeckes 

sports index at 40yrs 

Lynch 
[96] et al. Retrospective 

16 former professional 
football player + 

controls 66±6 years 
 Self reported questionnaire 

evaluating exercise levels 
BMC, BMD of 

TB, LS, PF 
TB BMC and BMD and LS, FN 

BMD significantly increased in Fp 

Daly [86] 
et al. Retrospective 152 males,  

61.8±9 years at start 
10 

years 
Interview-administered 

questionnaire BMD of R Significantly less bone loss in 
active vs. inactive 

Neville 
[95] et al. Retrospective 242 men,  

age 20-25 years  Questionnaire evaluating 
exercise levels 

BMD, BMC of 
LS, FN 

Sports activity was related to LS, 
FN BMD and BMC 

Fujimura 
[97] et al. RCT 17 males,  

23-31 years 
4 

months 
Weight training 3 times a 

week 
BMD of TB, 

LS, FN, R NS 

BMD=bone mineral density, BMC=bone mineral content, LS=lumbar spine, PF=proximal femur, FN=femoral neck, TB=total body, NS= non significant, R=radius, Fp=football 
players, BMI=body mass index. 

Table 7. Observational Studies of Physical Activity and Fracture Incidence 
 

Reference Participants Study period Intervention/Exercise Results 

Cummings 
[102] et al. 9516 women, 65 years or older 4.1 years Questionnaire + interview 

to assess exercise levels 
Significant fracture reduction 

associated with physical activity 

Gregg [106] 
et al. 9704 women, 65 years or older 7.6 years Questionnaire to assess 

exercise levels 
Significant fracture reduction 

associated with physical activity 

Farmer [104] 
et al. 3595 women, 40-77 years 10 years Questionnaire to assess 

exercise levels 
Significant fracture reduction 

associated with physical activity 

Kujala [103] 
et al. 3262 men, 44 years or older 21 years Questionnaire to assess 

exercise levels 
Significant fracture reduction 

associated with physical activity 

Paganini-Hill 
[101] et al. 5049 men, age 73 years 7 years Questionnaire to assess 

exercise levels 
Significant fracture reduction 

associated with physical activity 

Wickham 
[100] et al. 

983 men and women, age 65 and 
older 

15 year prospective follow 
up of randomly selected 

population 

Questionnaire and 
physician examination 

Adjusted odds ratio for the lowest 
third of outdoor activity was 4.3  
(0.7-26.8) compared to highest 

Coupland 
[105] et al. 

197 patients with hip fractures age 
50 and older and 382 age, gender 

matched controls 
Cross-sectional Questionnaire to assess 

exercise levels 
Physical inactivity associated with the 
risk of hip fracture in men and women 
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100] (Table 7). Observational studies focusing on physical 
activity and fracture risk reduction have shown that physical 
activity is associated with a reduced risk of fractures, 
especially hip fractures, both in men and in women [99, 101-
104]; only one study disagreed with this conclusion [86]. 
Daly et al. prospectively investigated the effects of physical 
activity (assessed with a questionnaire) in 359 men and 
women who were then followed for 10 years. The BMD of 
the radius was measured. Even moderate levels of exercise 
and low-impact activities were shown to be associated with a 
lower risk of hip fracture. The authors speculate that the 
reduced fracture risk is not entirely associated with enhanced 
bone mass but could also be influenced by factors such as 
better neuromuscular function and enhanced muscle 
strength, balance and mobility. Several studies have also 
reported a dose-response relationship, when comparing the 
most active with the least active individuals, a conclusion 
which supports the theory that physical activity reduces hip 
fracture risk [101, 105, 106]. Thus, current physical activity 
seems to offer a protective effect against hip fracture in both 
men and women. However, it is also possible that the studies 
reflect the overall health of the participants, i.e., participants 
with worse health tend to exercise less and are more prone to 
falling and, therefore, are more susceptible to fractures [99]. 

Physical Activity and Falls 

 The risk of sustaining an osteoporotic fracture is largely 
commensurate with the risk of falling, with the force that the 
fall generates on the skeleton and with the strength of the 
skeleton. Factors associated with the risk of falling include 
advanced age, poor balance and vision and decreased muscle 
strength and mobility [107, 108]. The risk of falling may be 
influenced by many other factors such as medications and 
environmental factors such as stairs, carpets and thresholds. 
 The bulk of our knowledge to date about physical activity 
and the risk of falling stems from the FICSIT trials (Frailty 
and Injuries: Cooperative Studies of Intervention Tech-
niques) [109]. The study was based on eight independent but 
coordinated investigations, and the results have been 
compiled in a meta-analysis. The results showed 10% fewer 
falls if the subjects were engaged in general training and a 
17% reduction in falls if they were engaged in balance 
training. The largest single effect was observed after 2.5 
months of Tai Chi training; in the intervention group, 47% 
fewer fall incidents were observed compared to the control 
group [110]. Physical activity in the form of endurance 
training actually increased the risk of falling. It could be 
speculated that the increased risk of falling reflected the 
increased exposure to situations in which falling was 
possible. Campbell et al. also observed a decreased risk of 
falls following participation in a training program focusing 
on balance and coordination [111]. The 30-min home-based 
training program, carried out 3 times a week for 1 year, 
consisted of training for the lower extremities, balance 
exercises such as toe walking and various coordination 
routines. The subjects were also encouraged to walk outside 
the home at least three times a week. The risk of falling at 
least 4 times during the study period was 32% lower in the 
intervention group, and the risk of falling and sustaining an 
injury was 39% less. Further research is needed to determine 
what type and quantity of physical activity is needed for 

optimal protection from falls and which are the populations 
that would most benefit from such an intervention. 

CONCLUSIONS 

 The general concepts underpinning the potential use of 
physical activity to avoid fractures can be divided into three 
strategies: maximizing BMD gain during childhood and 
adolescence, minimizing the age-related decline in BMD and 
preventing injurious falls and fractures. 
 The most consistent data showing gains in BMD from 
physical activity come from studies performed during child-
hood and adolescence. From the studies published to date, 
we can conclude that physical activity is effective at 
increasing peak bone mass. It is well established that the 
activity should be weight-bearing and should result in high 
intensity loading being applied in unusual directions, 
resulting in a high-strain magnitude and rate. Activities that 
meet these criteria include gymnastics, racquet sports, and 
sports with a high content of jumping such as volleyball, 
soccer, and basketball. High impact activities can cause 
sports-related injuries such as tendinosis and muscle strains; 
the risk of osteoarthritis is low in moderate recreational 
sports but elevated in some professional athletes [112]. 
However, a discussion about these subjects is beyond the 
scope of this article. 
  With regard to the role of physical activity in adulthood, 
the focus is toward maintaining BMD. The evidence for a 
protective effect of physical activity in adults is not as solid 
as it is in younger individuals. More randomized, controlled 
studies are needed in both men and women to investigate the 
potential effects of physical activity. An important factor to 
examine is whether the potential effects are dose-dependent. 
The skeleton in adulthood is not likely to be as sensitive to 
loading and, at the same time, muscles and tendons start to 
lose strength; however the greatest loss in muscle strength 
and mass occurs after the age of 70 years [113]. The current 
advice is to maintain previous activity levels while engaging 
in weight-bearing activities that are more forgiving to the 
skeleton and tendons such as dancing, jogging and resistance 
training.  
 In the elderly, the focus has shifted from maintaining 
bone mass towards activities designed to improve balance 
and prevent falls. The evidence for a possible dose-de-
pendent relationship between physical activity and improved 
bone health is lacking. However, it does seem that physical 
activity is important for the maintenance of BMD. Fur-
thermore, the evidence to date suggests that physical activity 
is associated with a reduction in fracture risk. Both weight-
bearing endurance exercise and resistance training are 
important, but specific balance training, such as Tai Chi, 
may offer the greatest benefit. Larger randomized, controlled 
studies are needed to further evaluate the effects of physical 
activity on fall and fracture risk reduction. 
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