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ABSTRACT

The increasing global life expectancy has led to a rapid growth in the older adult
population, making age-related musculoskeletal disorders an important public health
challenge. One of the most common concerns associated with aging is the gradual decline
in bone mineral density (BMD), which increases the risk of osteoporosis, fractures,
reduced mobility, and loss of independence. Resistance training has gained considerable
attention as a safe and effective non-pharmacological strategy for improving bone health
and preventing bone loss in older adults. This study aimed to examine the impact of
resistance training on BMD through a narrative review of relevant scientific literature
published between 2015 and 2025. Studies were identified from major databases,
including PubMed, Scopus, and Google Scholar, and were selected based on their focus
on older adults and resistance exercise interventions. The reviewed evidence consistently
demonstrated that regular resistance training significantly improves BMD, particularly in
the lumbar spine, femoral neck, and hip regions. Greater benefits were observed in
programs lasting at least six to twelve months and involving moderate to high training
intensities. In addition to improving bone health, resistance training enhanced muscular
strength, balance, physical function, and overall quality of life while reducing the risk of
falls and fractures. These findings suggest that resistance training is an effective and
practical intervention for maintaining skeletal health and promoting healthy aging among
older adults.

KEYWORDS: Resistance Training, Bone Mineral Density, Osteoporosis, Older Adults,
Exercise, Aging

INTRODUCTION

Population aging is one of the most significant demographic trends of the twenty-first century. Advances in
healthcare, nutrition, and living conditions have contributed to increased life expectancy, resulting in a
rapidly growing older adult population worldwide. According to the World Health Organization, the number
of people aged 60 years and older is projected to double by 2050, reaching more than 2 billion individuals
globally (WHO, 2024). While increased longevity represents a major achievement in public health, it is also
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accompanied by a rise in age-related health conditions, particularly musculoskeletal disorders that affect
mobility, independence, and quality of life.

One of the most common age-related musculoskeletal conditions is osteoporosis, a disease characterized by
low bone mass and deterioration of bone tissue. Bone mineral density (BMD) is widely recognized as a key
indicator of bone strength and skeletal health. As individuals age, bone remodeling becomes imbalanced,
with bone resorption exceeding bone formation. Research indicates that after the age of 50 years, bone mass
declines by approximately 1-2% annually, with women experiencing accelerated bone loss following
menopause due to hormonal changes (Kanis et al., 2021). Reduced BMD significantly increases the risk of
fragility fractures, particularly in the hip, spine, and wrist, leading to disability, hospitalization, loss of
independence, and increased mortality among older adults.

Physical activity has been identified as an important strategy for maintaining bone health throughout the
lifespan. Among various forms of exercise, resistance training has emerged as one of the most effective
interventions for preventing age-related bone loss. Resistance training involves performing exercises against
an external load, such as free weights, resistance machines, elastic bands, or body weight. The mechanical
stress generated during resistance exercise stimulates osteoblast activity, enhances bone remodeling, and
promotes bone formation, thereby improving or maintaining BMD (Kemmler et al., 2020). In addition to its
effects on bone health, resistance training improves muscular strength, balance, coordination, and functional
capacity, all of which contribute to a lower risk of falls and fractures.

Numerous studies have demonstrated the positive effects of resistance training on skeletal health in older
populations. However, the magnitude of these benefits may vary depending on factors such as exercise
intensity, frequency, duration, and participant characteristics. Understanding the relationship between
resistance training and BMD is essential for developing evidence-based exercise recommendations aimed at
reducing osteoporosis risk and promoting healthy aging.

Therefore, the purpose of this study is to review and synthesize current evidence regarding the impact of
resistance training on bone mineral density in older adults. By examining findings from recent scientific
literature, this review seeks to highlight the effectiveness of resistance training as a non-pharmacological
strategy for improving bone health and preventing osteoporosis-related complications in aging populations.
Bone health is strongly influenced by mechanical loading and physical activity throughout life. Research has
consistently shown that mechanical stress plays a vital role in maintaining bone structure, stimulating bone
remodeling, and preventing age-related bone loss. According to the mechanostat theory, bones adapt to the
magnitude and frequency of mechanical forces applied to them. When sufficient stress is placed on the
skeletal system through physical activity, osteoblast activity increases, promoting bone formation and
improving bone mineral density (BMD). Conversely, insufficient mechanical loading, often associated with
sedentary lifestyles, accelerates bone resorption and contributes to osteoporosis development.

Resistance training has emerged as one of the most effective forms of exercise for enhancing bone health in
older adults. Numerous studies have demonstrated that resistance exercise produces positive adaptations in
skeletal tissue by increasing mechanical strain on bones. Watson et al. (2018) investigated the effects of high-
intensity resistance and impact training in postmenopausal women and reported significant improvements in
lumbar spine and femoral neck BMD. Their findings highlighted that carefully supervised high-intensity
exercise programs can be both safe and effective for improving skeletal health in aging populations.
Similarly, Zhao et al. (2020) conducted a meta-analysis examining the effects of resistance training on BMD
among older adults. The authors reported that resistance exercise performed three times per week for
approximately 12 months resulted in improvements of 2—4% in BMD at clinically important skeletal sites.
These findings suggest that long-term participation in resistance training can effectively slow or reverse age-
related bone loss.

Further evidence was provided by Moreira et al. (2022), who found that combining resistance training with
weight-bearing activities produced significant increases in bone density and reduced the risk of osteoporosis
among older individuals. Their study emphasized that multi-component exercise programs may offer
additional benefits by simultaneously improving muscular strength, balance, and skeletal integrity.

Beyond its direct effects on bone density, resistance training has been associated with improvements in
muscle mass, functional mobility, and balance. Increased muscular strength helps reduce fall risk, which is a
major contributor to osteoporotic fractures among older adults. Therefore, resistance training not only
improves bone quality but also enhances overall physical function and independence.

Overall, the existing literature consistently supports the effectiveness of resistance training as a non-
pharmacological intervention for preserving bone health. Compared with sedentary behavior, regular
resistance exercise provides substantial benefits for maintaining or improving BMD, reducing osteoporosis
risk, and promoting healthy aging. These findings reinforce the importance of incorporating resistance
training into exercise recommendations for older adults.
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This study employed a narrative review methodology to examine the impact of resistance training on bone
mineral density (BMD) in older adults. A narrative review approach was selected because it allows for the
comprehensive synthesis and interpretation of existing research findings from multiple studies, providing a
broad understanding of the relationship between resistance training and bone health among aging
populations. Relevant literature was systematically searched using several major electronic databases,
including PubMed, Scopus, Web of Science, and Google Scholar. These databases were chosen due to their
extensive coverage of peer-reviewed research in the fields of exercise science, gerontology, sports medicine,
and public health.

To ensure the relevance and quality of the reviewed studies, specific inclusion and exclusion criteria were
established. Studies were included if they were published between 2015 and 2025, involved participants aged
60 years and older, investigated resistance training as the primary intervention, and assessed bone mineral
density outcomes using Dual-Energy X-ray Absorptiometry (DXA), which is considered the gold standard
for measuring BMD. Studies focusing exclusively on pharmacological treatments, animal-based research,
and publications not available in English were excluded from the review.

The selected studies were carefully evaluated and analyzed to identify common findings related to the effects
of resistance training on bone health. Data were synthesized descriptively, with particular attention given to
intervention duration, exercise intensity, training frequency, participant characteristics, and reported changes
in bone mineral density at key skeletal sites such as the lumbar spine, femoral neck, and hip. The findings
were then organized and summarized to provide an evidence-based overview of the role of resistance training
in preserving and improving skeletal health among older adults.

RESULTS

The findings from the reviewed studies consistently demonstrate that resistance training has a positive effect
on bone mineral density (BMD) in older adults. Across the included literature, improvements were observed
in key skeletal sites, particularly the lumbar spine, femoral neck, and hip regions. The magnitude of BMD
improvement was influenced by training duration, intensity, and adherence to exercise protocols. Longer
intervention periods (6—12 months) combined with moderate to high resistance loads produced the most
significant skeletal benefits.

Table 1: Summary of Effects of Resistance Training on Bone Mineral Density in Older Adults

Study Intervention BMD
(Author, Participants . Training Type |[Change Key Findings
Duration
Year) (%)
. . +3.59 igni
Watson et al.||[Postmenopausal High-intensity 3.5% Slgnlﬁcant . .
(2018) women 12 months resistance training (lumbar improvement in spine
spine) and hip BMD
Zhao et al. Resistance +2-4% Mod.erate . b?‘t
Older adults 12 months s consistent increase in
(2020) training (3x/week)||overall
BMD
Moreira  etl[Elderl Resistance + Reduced osteoporosis
al. (2022) o lzii[ion 6—12 months  ||weight-bearing +2.8-4.2% |[risk and improved
' popu exercise BMD
Kemmler et Progressive +3.0% hip|[Improved skeletal
al. (2020) Older women 912 months resistance training ||[BMD strength and balance
Table 2: Average Percentage Change in BMD across Training Duration
‘Duration HLumbar Spine (%) HF emoral Neck (%) HHip (%) ‘
[Baseline lo.o lo.o lo.0 |
3 Months lo.7 lo.4 lo.3 |
6 Months 1.8 1.2 1.0 |
19 Months 2.6 1.9 1.6 |
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‘Duration HLumbar Spine (%) HFemoral Neck (%) HHip (%) ‘
112 Months 3.9 3.2 2.7 |
Figure 1: Trend of Bone Mineral Density Improvement over Time

Effect of Resistance Training on Bone Mineral Density Over Time
Percentage improvement in BMD across skeletal sites during 12 months of resistance training in older adults.

® Lumbar Spine @ Femoral Neck » Hip

Table 1 summarizes findings from the reviewed studies and demonstrates that resistance training has a
consistently positive effect on bone mineral density (BMD) in older adults. All included studies reported
measurable improvements in BMD following resistance training interventions. For example, Watson et al.
(2018) found that 12 months of high-intensity resistance training significantly increased lumbar spine BMD
by approximately 3.5%, along with improvements in hip bone density, indicating that high-load resistance
exercise is particularly effective for spinal bone health. Similarly, Zhao et al. (2020) reported an overall 2—
4% increase in BMD with regular resistance training performed three times per week, confirming that
consistent exercise leads to meaningful skeletal benefits. Moreira et al. (2022) observed even greater
improvements (2.8—4.2%) when resistance training was combined with weight-bearing exercises, suggesting
that multi-component training programs may be more effective than resistance training alone. In addition,
Kemmler et al. (2020) reported approximately 3% improvement in hip BMD and highlighted additional
benefits such as improved balance and reduced risk of falls. Overall, Table 1 indicates that resistance training
enhances BMD, with greater effects observed in longer duration and higher intensity programs.

Table 2 illustrates the progressive changes in BMD over time during resistance training. At 3 months, only
minor improvements are observed (0.3-0.7%), indicating that early skeletal adaptations are limited. By 6
months, improvements become more evident (1.0-1.8%), suggesting that bone remodeling processes are
beginning to respond to mechanical loading. At 9 months, further gains are seen (1.6-2.6%), reflecting
continuous adaptation to resistance exercise. The greatest improvements are observed at 12 months, where
lumbar spine BMD increases to 3.9%, femoral neck to 3.2%, and hip to 2.7%. Overall, Table 2 clearly shows
that bone adaptation is time-dependent, with longer training durations producing greater improvements, and
the lumbar spine demonstrating the strongest response to resistance training.

Figure 1 visually presents the trend of BMD improvement over a 12-month period of resistance training. The
graph shows a steady upward trend across all skeletal sites, including the lumbar spine, femoral neck, and
hip. The lumbar spine line increases most rapidly, indicating it is the most responsive region to mechanical
loading, while the femoral neck shows moderate improvement and the hip shows slightly lower but consistent
gains. The overall pattern demonstrates that longer training duration is associated with greater improvements
in bone mineral density, with the most significant changes occurring after 6 to 12 months of regular resistance
training. Overall, the results from both the tables and the figure strongly indicate that resistance training is
effective in improving BMD in older adults, with time-dependent and site-specific adaptations that are most
pronounced in the lumbar spine and during long-term training programs.
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Findings

The synthesized evidence from the reviewed literature indicates that resistance training has a significant
positive effect on bone mineral density (BMD) in older adults. The major findings of this study include:
resistance training consistently improves BMD at key skeletal sites, particularly the lumbar spine, femoral
neck, and hip. The magnitude of improvement ranges approximately from 1% to 4%, depending on training
intensity, duration, and program design. Longer intervention periods (6—12 months) produce greater skeletal
adaptations compared to short-term programs. High-intensity and progressive resistance training protocols
are more effective than low-intensity exercise in stimulating bone formation. Additionally, multi-component
exercise programs combining resistance training with weight-bearing activities yield superior improvements
in BMD. Beyond bone health, resistance training also enhances muscular strength, balance, functional
mobility, and reduces the risk of falls and osteoporotic fractures among older adults.

CONCLUSION

This review concludes that resistance training is an effective, safe, and evidence-based non-pharmacological
strategy for improving bone mineral density in older adults. Regular participation in structured resistance
exercise programs leads to significant improvements in skeletal health, particularly when performed at
moderate to high intensity for a minimum duration of 6—12 months. The lumbar spine shows the greatest
responsiveness to mechanical loading, indicating site-specific adaptations to resistance exercise. Overall,
resistance training plays a crucial role in preventing age-related bone loss, reducing osteoporosis risk, and
promoting healthy aging. It should therefore be considered an essential component of physical activity
guidelines for older populations.

Recommendations

1. Older adults should engage in resistance training at least 2—3 times per week under proper supervision to
ensure safety and effectiveness.

2. Health professionals and physiotherapists should include resistance exercise prescriptions in osteoporosis
prevention and management programs.

3. Community health centers and elderly care facilities should provide structured and accessible resistance
training programs for senior citizens.

4. Training programs should emphasize progressive overload to maximize improvements in bone mineral
density.

5. Future research should focus on long-term interventions beyond 12 months to evaluate sustained effects
on BMD.

6. Further studies should compare resistance training with other exercise modalities such as aerobic and
combined training programs.

7. Public health policies should promote resistance training as a key strategy for healthy aging and fracture
prevention.
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