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ABSTRACT

Introduction: Osteoporosis prevention includes methods aimed at maintaining normal bone mineral density (BMD),
increasing bone strength, and reducing the risk of fractures. Adequate intake of calcium and vitamin D, maintaining a healthy
body weight, and regular physical activity play an important role. An important component of prevention is weight-bearing
exercise and resistance training, which may have beneficial effects on BMD and bone tissue remodeling. In addition,
walking, aquatic exercises, Tai Chi, and whole-body vibration (WBV) may serve as complementary interventions, although
their effectiveness requires further research.

Aim of the study: The aim of this study is to review the literature on the role of physical activity and exercise in osteoporosis
prevention and management. Particular attention is given to resistance and weight-bearing exercises, walking, aquatic
exercises, Tai Chi, and whole-body vibration, focusing on their effects on bone mineral density, muscle strength, and fracture
risk.

Methods and materials: We reviewed the literature available in the PubMed database using the following keywords:
“Osteoporosis”; “Physical activity”; “Resistance training”; “Weight-bearing exercise”; “Walking”; “Aquatic exercise”; “Tai
Chi”; “Whole body vibration”; “Postmenopausal women”;

Conclusion: Comprehensive osteoporosis prevention includes regular physical activity, which supports bone health and
reduces fracture risk. Resistance and weight-bearing exercises have the greatest benefits for bone mineral density,
particularly in postmenopausal women. Walking, aquatic exercises, and Tai Chi may provide additional benefits, although
their effects on BMD are less established. Whole-body vibration may improve muscle strength and reduce fall risk, but its
impact on BMD remains uncertain. Therefore, individualized and appropriately selected exercise programs should be
considered an important component of osteoporosis prevention.
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1. Introduction

Osteoporosis is a systemic disease of the skeletal system in which bone mineral density decreases along
with deterioration of bone structure. As bone strength decreases, bones become more susceptible to fractures,
which are typically low-energy fractures (Brown, 2021). The disease involves impaired function of osteoblasts
and osteoclasts, followed by disturbances in bone remodeling, which is considered a major cause of
osteoporosis (Gao, Patil, & Jia, 2021). Protective factors include adequate intake of calcium and vitamin D,
maintaining a healthy body weight, breastfeeding, the use of estrogen replacement therapy, and moderate
physical activity. In the prevention of complications of osteoporosis, physical activity contributes to increasing
peak bone mass at a young age, limiting bone loss during the postmenopausal period, and reducing the risk of
fractures and their consequences (Kelsey, 1989). The effects of physical exercise were summarized in a review
describing how an appropriate physical activity program consisting of multicomponent training may have a
positive effect on bone mass. Resistance training and weight-bearing exercises provide the best results, walking
has a limited effect on the skeletal system, whereas whole-body vibration, despite promising effects, requires
further long-term studies (Goémez-Cabello, Ara, Gonzalez-Agiiero, Casajis, & Vicente-Rodriguez, 2012).

2. Description of the State of Knowledge

Exercise

Despite the questionable direct effect of physical exercise on bone tissue, physical exercise is a
commonly recommended factor for reducing the risk of osteoporosis. The positive effect of exercise on
increasing bone mass is noticeable in young people, whereas the available information in older people is
inconclusive (Benedetti, Furlini, Zati, & Letizia Mauro, 2018). The main effect observed in older adults who
exercise is an increase in bone tissue density and a lower rate of bone loss at the endosteal surface (Kohrt et
al., 2004). Exercise, particularly involving the lower limbs, may limit the loss of cortical and trabecular
volumetric BMD during a 12-month training period. Although studies involving longer intervention periods
and larger groups of women are needed, exercise resulted in a small but statistically significant improvement
(Polidoulis, Beyene, & Cheung, 2012). A prospective cohort study involving 2,855 men and 6,442 women
demonstrated a beneficial effect of physical activity on increasing bone mineral density of the lumbar spine in
women, with no demonstrated effect on changes in hip BMD or other aspects of health (Langsetmo et al.,
2012). The most effective forms of physical activity that act through gravitational forces and the loading
generated by muscle activity can be divided into weight-bearing aerobic exercises and resistance exercises
(Hingorjo, Zehra, Saleem, & Qureshi, 2018).

Walking

A systematic review and meta-analysis of eight studies was conducted to assess the effect of regular
walking on bone mineral density of the total hip, lumbar spine, and femoral neck in postmenopausal women.
The results showed a beneficial effect on femoral neck BMD, with no significant effect observed in the lumbar
spine. Based on Jadad scale scores ranging from 1 to 3, the quality of the included studies was low, and
therefore walking alone may be insufficient to effectively prevent bone loss in postmenopausal women
(Martyn-St James, & Carroll, 2008). A positive effect of walking on bone mineral density was also observed
in a systematic review and meta-analysis, which found a beneficial effect of this form of physical activity on
femoral neck BMD after at least six months of regular training (Ma, Wu, & He, 2013).

Aquatic exercise program

Aquatic exercises, such as swimming, require further research to demonstrate their positive effect on
BMD. A systematic review analyzed the effects of swimming on bone metabolism, structure, and bone mass.
It was observed that swimmers had lower BMD compared with athletes participating in activities involving
high mechanical loading. Therefore, swimming is characterized by lower osteogenic potential and does not
lead to deterioration of bone health (Gémez-Bruton, Génzalez-Agiiero, Gémez-Cabello, Casajis, & Vicente-
Rodriguez, 2013). A cross-sectional observational study with a control group included 43 female swimmers
and 44 women in the control group. The results showed that even 1.45 hours of swimming training throughout
life did not increase BMD in women and did not lead to deterioration of bone mineral status (Greenway,
Walkley, & Rich, 2012). However, a review of eight studies found that most studies demonstrated a beneficial
effect of aquatic exercise on maintaining BMD, which may provide an effective alternative for individuals
whose physical conditions limit their ability to participate in land-based activities (McMahon, 2017).
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Resistance Training

A review of studies published between 1990 and 2005 was conducted to investigate the effect of
resistance training on BMD in postmenopausal women. Evidence was provided for an increase in bone mineral
density, which required the use of high loads and was dependent on the anatomical site. The exercises should
be performed at an intensity corresponding to 70-90% of the maximum weight that a person can lift for one
repetition, divided into 2-3 sets of 8—12 repetitions, for a period of approximately one year. Long-term
adherence to such a program may contribute to an increase in BMD of the spine and hip in women (Zehnacker,
& Bemis-Dougherty, 2007). A systematic review of randomized controlled trials was also conducted to analyze
the effects of resistance and weight-bearing exercises on bone mineral density in middle-aged and older men.
Eight studies included various forms of resistance and aerobic training. Seventy-five percent of these studies
showed that resistance training performed alone or in combination with exercises generating impact loading
produced the best results. Due to the limited quality of some previous studies, further high-quality randomized
controlled trials are needed to determine the optimal exercise program, although regular physical activity of
this type may constitute an important component of osteoporosis prevention (Bolam, van Uffelen, & Taaffe,
2013). A study evaluating the prevention of bone loss and fractures in postmenopausal women collected
combined data from 43 studies involving 4,320 participants. The systematic review and meta-analysis of
randomized controlled trials showed the greatest effect on BMD, particularly in the case of progressive
resistance training of the lower limbs and high-intensity resistance exercises. Despite the low methodological
quality of the studies analyzed, the best results for the spine were obtained with programs combining different
types of exercise, including resistance exercises combined with various types of aerobic exercise (Howe et al.,
2011). Physical exercise is an effective way to maintain bone health in girls and women; therefore, physical
activity should be initiated at a young age through high-intensity plyometric exercises involving impact loading,
which may allow young girls to achieve peak bone mass. For improving bone mineral density in adult women,
weight-bearing exercises combined with resistance training appear to be the most effective (Xu, Lombardi,
Jiao, & Banfi, 2016). In a study involving 101 postmenopausal women, it was observed that combining
resistance training with impact exercises performed twice a week for eight months improved lumbar spine
BMD by 2.9% and femoral neck BMD by 0.3%, while a decrease in these parameters was observed in the
control group (Watson et al., 2018). In a study involving 33 postmenopausal women, markers of bone
remodeling and quality of life were assessed at three time points: at baseline, after one month, and after three
months of training. The results showed that three months of resistance training combined with weight-bearing
exercises resulted in an increase in the concentration of N-terminal propeptide of type I procollagen and in the
number of osteoclasts, which are markers of bone formation and remodeling. At the same time, improvements
were observed in physical functioning, psychological functioning, and quality of life in terms of pain
perception (Pasqualini et al., 2019).

Tai Chi

The effect of Tai Chi on bone mineral density in women was analyzed based on 10 studies. Compared
with patients who did not receive treatment, the meta-analysis demonstrated a significant positive effect of the
exercises on changes in spinal BMD; however, no advantage was observed for combining Tai Chi with calcium
supplementation over treatment with calcium alone. Unfortunately, due to the low methodological quality of
the studies and the small treatment effect, the reliability of the results is limited (Sun et al., 2016). A review
including 9 studies and 1,222 participants showed a reduction in BMD loss, particularly in the proximal femur
and lumbar spine. To achieve these effects, the exercise period should last at least 12 months, as reported in 5
studies (Chow et al., 2017).

Whole-Body Vibration (WBYV)

The therapy aims to increase muscle mass and bone mineral density by transmitting mechanical
vibrations. The effectiveness of the therapy is influenced by factors such as the frequency and amplitude of the
vibrations and body position during the treatment. Further research determining the appropriate level of
stimulation is needed to assess the benefits of this therapy (Fratini, Bonci, & Bull, 2016). Although studies
indicate improvements in muscle strength, particularly in the knee extensors, as well as positive effects on
jump height and the ability to rise from a seated position during therapy, no effect on BMD was observed in
postmenopausal women (Lau et al., 2011). A systematic review and meta-analysis of randomized controlled
trials also demonstrated a reduction in the frequency of falls in adults, which may contribute to a reduction in
the incidence of fractures in this group of patients. However, based on the 14 studies included, no beneficial
effect on bone structure or bone mineral density was observed (Jepsen et el., 2017).
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3. Conclusions

Osteoporosis leads to a reduction in bone mineral density, deterioration of bone structure, and an
increased risk of fractures; therefore, its prevention should be tailored to the patient’s age, health status, and
physical capabilities. Regular physical activity is an important element of prevention, while resistance training
and weight-bearing exercises have been shown to have the most beneficial effects on BMD and the
maintenance of bone health, particularly in postmenopausal women. Walking, exercise in an aquatic
environment, and Tai Chi may support the maintenance of bone mineral density; however, their effectiveness
is less conclusive. Whole body vibration may improve muscle strength and functional performance and reduce
the risk of falls; however, its effect on BMD remains unconfirmed. Therefore, an appropriately selected,
regular, and individualized physical activity program, primarily comprising resistance and weight-bearing
exercises, should constitute the basis for osteoporosis prevention and the reduction of its complications.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

Declaration of the use of generative AI and Al-assisted technologies in the writing process: In
preparing this work, the authors used ChatGPT for the purpose of improving language and readability. After
using this tool, the authors have reviewed and edited the content as needed and accept full responsibility for
the substantive content of the publication.

REFERENCES

1. Brown, J. P. (2021). Long-term treatment of postmenopausal osteoporosis. Endocrinology and Metabolism (Seoul,
Korea), 36(3), 544-552. https://doi.org/10.3803/EnM.2021.301

2. Gao, Y., Patil, S., & Jia, J. (2021). The development of molecular biology of osteoporosis. International Journal of
Molecular Sciences, 22(15), 8182. https://doi.org/10.3390/ijms22158182

3.  Kelsey, J. L. (1989). Risk factors for osteoporosis and associated fractures. Public Health Reports (Washington,
D.C.: 1974), 104 Suppl(Suppl), 14-20.

4.  Benedetti, M. G., Furlini, G., Zati, A., & Letizia Mauro, G. (2018). The effectiveness of physical exercise on bone
density in osteoporotic patients. BioMed Research International, 2018, 4840531.
https://doi.org/10.1155/2018/4840531

5. Kohrt, W. M., Bloomfield, S. A., Little, K. D., Nelson, M. E., Yingling, V. R., & American College of Sports
Medicine. (2004). American College of Sports Medicine position stand: Physical activity and bone health. Medicine
and Science in Sports and Exercise, 36(11), 1985-1996. https://doi.org/10.1249/01.mss.0000142662.21767.58

6. Langsetmo, L., Hitchcock, C. L., Kingwell, E. J., Davison, K. S., Berger, C., Forsmo, S., Zhou, W., Kreiger, N.,
Prior, J. C., & Canadian Multicentre Osteoporosis Study Research Group. (2012). Physical activity, body mass index
and bone mineral density-associations in a prospective population-based cohort of women and men: The Canadian
Multicentre Osteoporosis Study (CaMos). Bone, 50(1), 401—-408. https://doi.org/10.1016/j.bone.2011.11.009

7.  Hingorjo, M. R., Zehra, S., Saleem, S., & Qureshi, M. A. (2018). Serum interleukin-15 and its relationship with
adiposity indices before and after short-term endurance exercise. Pakistan Journal of Medical Sciences, 34(5), 1125—
1131. https://doi.org/10.12669/pjms.345.15516

8. Martyn-St James, M., & Carroll, S. (2008). Meta-analysis of walking for preservation of bone mineral density in
postmenopausal women. Bone, 43(3), 521-531. https://doi.org/10.1016/j.bone.2008.05.012

9. Ma, D, Wu, L., & He, Z. (2013). Effects of walking on the preservation of bone mineral density in perimenopausal
and postmenopausal women: A systematic review and meta-analysis. Menopause (New York, N.Y.), 20(11), 1216—
1226. https://doi.org/10.1097/GME.0000000000000100

10. Zehnacker, C. H., & Bemis-Dougherty, A. (2007). Effect of weighted exercises on bone mineral density in post
menopausal women: A systematic review. Journal of Geriatric Physical Therapy (2001), 30(2), 79-88.
https://doi.org/10.1519/00139143-200708000-00007

11. Bolam, K. A., van Uffelen, J. G., & Taaffe, D. R. (2013). The effect of physical exercise on bone density in middle-
aged and older men: A systematic review. Osteoporosis International: A Journal Established as Result of
Cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the
US4, 24(11), 2749-2762. https://doi.org/10.1007/s00198-013-2346-1

12. Howe, T. E., Shea, B., Dawson, L. J., Downie, F., Murray, A., Ross, C., Harbour, R. T., Caldwell, L. M., & Creed,
G. (2011). Exercise for preventing and treating osteoporosis in postmenopausal women. The Cochrane Database of
Systematic Reviews, 2011(7), CD000333. https://doi.org/10.1002/14651858.CD000333.pub2

13. Polidoulis, L., Beyene, J., & Cheung, A. M. (2012). The effect of exercise on pQCT parameters of bone structure
and strength in postmenopausal women--a systematic review and meta-analysis of randomized controlled trials.
Osteoporosis International: A Journal Established as Result of Cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA, 23(1), 39-51. https://doi.org/10.1007/s00198-
011-1734-7

e-ISSN: 2544-9435 4



3(51) (2026): International Journal of Innovative Technologies in Social Science

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sun, Z., Chen, H., Berger, M. R., Zhang, L., Guo, H., & Huang, Y. (2016). Effects of tai chi exercise on bone health
in perimenopausal and postmenopausal women: A systematic review and meta-analysis. Osteoporosis International:
A Journal Established as Result of Cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA, 27(10), 2901-2911. https://doi.org/10.1007/s00198-016-3626-3
Chow, T. H., Lee, B. Y., Ang, A. B. F., Cheung, V. Y. K., Ho, M. M. C., & Takemura, S. (2017). The effect of
Chinese martial arts Tai Chi Chuan on prevention of osteoporosis: A systematic review. Journal of Orthopaedic
Translation, 12, 74-84. https://doi.org/10.1016/j.jot.2017.06.001

Fratini, A., Bonci, T., & Bull, A. M. (2016). Whole body vibration treatments in postmenopausal women can
improve bone mineral density: Results of a stimulus focussed meta-analysis. PloS One, 11(12), e0166774.
https://doi.org/10.1371/journal.pone.0166774

Lau, R. W, Liao, L. R., Yu, F., Teo, T., Chung, R. C., & Pang, M. Y. (2011). The effects of whole body vibration
therapy on bone mineral density and leg muscle strength in older adults: A systematic review and meta-analysis.
Clinical Rehabilitation, 25(11), 975-988. https://doi.org/10.1177/0269215511405078

Jepsen, D. B., Thomsen, K., Hansen, S., Jorgensen, N. R., Masud, T., & Ryg, J. (2017). Effect of whole-body
vibration exercise in preventing falls and fractures: A systematic review and meta-analysis. BMJ Open, 7(12),
€018342. https://doi.org/10.1136/bmjopen-2017-018342

Xu, J., Lombardi, G., Jiao, W., & Banfi, G. (2016). Effects of exercise on bone status in female subjects, from young
girls to postmenopausal women: An overview of systematic reviews and meta-analyses. Sports Medicine (Auckland,
N.Z.), 46(8), 1165-1182. https://doi.org/10.1007/s40279-016-0494-0

Gomez-Cabello, A., Ara, 1., Gonzalez-Agiiero, A., Casajis, J. A., & Vicente-Rodriguez, G. (2012). Effects of
training on bone mass in older adults: A systematic review. Sports Medicine (Auckland, N.Z.), 42(4), 301-325.
https://doi.org/10.2165/11597670-000000000-00000z

Watson, S. L., Weeks, B. K., Weis, L. J., Harding, A. T., Horan, S. A., & Beck, B. R. (2018). High-intensity
resistance and impact training improves bone mineral density and physical function in postmenopausal women with
osteopenia and osteoporosis: The LIFTMOR randomized controlled trial. Journal of Bone and Mineral Research:
The Official Journal of the American Society for Bone and Mineral Research, 33(2), 211-220.
https://doi.org/10.1002/jbmr.3284

Pasqualini, L., Ministrini, S., Lombardini, R., Bagaglia, F., Paltriccia, R., Pippi, R., Collebrusco, L., Reginato, E.,
Sbroma Tomaro, E., Marini, E., D'Abbondanza, M., Scarponi, A. M., De Feo, P., & Pirro, M. (2019). Effects of a
3-month weight-bearing and resistance exercise training on circulating osteogenic cells and bone formation markers
in postmenopausal women with low bone mass. Osteoporosis International: A Journal Established as Result of
Cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the
US4, 30(4), 797-806. https://doi.org/10.1007/s00198-019-04908-9

Gomez-Bruton, A., Gonzalez-Agiiero, A., Goémez-Cabello, A., Casajus, J. A., & Vicente-Rodriguez, G. (2013). Is
bone tissue really affected by swimming? A systematic review. PloS One, 8(8), ¢70119.
https://doi.org/10.1371/journal.pone.0070119

Greenway, K. G., Walkley, J. W., & Rich, P. A. (2012). Does long-term swimming participation have a deleterious
effect on the adult female skeleton? European Journal of Applied Physiology, 112(9), 3217-3225.
https://doi.org/10.1007/s00421-011-2305-5

McMahon, M. (2017). What impact does aquatic therapy have on bone density in postmenopausal women? If it has
a positive or maintenance effect, what are the programme parameters that facilitate these outcomes? Aqualines: The
Journal of the Hydrotherapy Association of Chartered Physiotherapists, 29(1), 8.

e-ISSN: 2544-9435 5



	1. Introduction
	2. Description of the State of Knowledge
	Exercise
	Walking
	Aquatic exercise program
	Resistance Training
	Tai Chi
	Whole-Body Vibration (WBV)

	3. Conclusions

