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DESCRIPTION
Abnormal bone resorption, a process where bone tissue is broken 
down and minerals such as calcium are released into the 
bloodstream, can have profound systemic effects on various 
tissues, including muscles. Bone resorption is a natural part of 
bone remodelling, where osteoclasts break down bone tissue and 
osteoblasts build it up. However, when resorption outweighs 
formation, it leads to conditions like osteoporosis, resulting in 
weakened bones and increased fracture risk. 

The systemic effects of this imbalance extend beyond the skeletal 
system, significantly impacting muscle health and function. 
Bones and muscles are interconnected both anatomically and 
physiologically. They work together to facilitate movement and 
maintain posture, and they communicate through biochemical 
signalling pathways. This relationship is often referred to as the 
bone-muscle unit or musculoskeletal unit. The health of one 
component directly influences the health and functionality of the 
other. 

Abnormal bone resorption occurs when osteoclast activity 
surpasses osteoblast activity. This imbalance can be triggered by 
various factors, including hormonal changes (e.g., menopause), 
nutritional deficiencies (e.g., calcium and vitamin D), chronic 
diseases (e.g., rheumatoid arthritis), and certain medications (e.g., 
glucocorticoids). Excessive bone resorption leads to a reduction 
in bone density and structural integrity, predisposing individuals 
to fractures.

Systemic effects on muscle health

Calcium homeostasis: Bone resorption releases calcium into the 
bloodstream. While calcium is vital for various bodily functions, 
including muscle contraction, excessive levels due to abnormal 
resorption can disrupt calcium homeostasis. Hypercalcemia 
(elevated blood calcium levels) can impair muscle function, 
leading to weakness, fatigue, and in severe cases, muscle cramps 
and spasms. This occurs because calcium is important for the 
excitation-contraction coupling in muscles, and its imbalance 
affects muscle fiber contraction.

Inflammatory mediators: Abnormal bone resorption is often 

associated with increased levels of inflammatory cytokines, such 
as Interleukins (IL-1, IL-6) and Tumor Necrosis Factor-Alpha 
(TNF-α). These inflammatory mediators can have catabolic effects 
on muscle tissue, promoting muscle protein breakdown and 
reducing muscle mass and strength. Chronic inflammation also 
contributes to muscle fatigue and impaired regenerative capacity.

Hormonal influences: Hormones like Parathyroid Hormone 
(PTH) play a role in bone metabolism and muscle function. 
Elevated PTH levels, often seen in hyperparathyroidism 
associated with high bone turnover, can lead to muscle weakness 
and atrophy. Additionally, estrogen deficiency, common in 
postmenopausal women, exacerbates both bone resorption and 
muscle loss, highlighting the interplay between hormonal 
regulation, bone, and muscle health.

Mechanical loading and physical activity: Healthy bones 
provide structural support for muscles, enabling effective 
mechanical loading during physical activity. Abnormal bone 
resorption weakens the skeletal framework, reducing the 
mechanical load that stimulates muscle growth and 
maintenance. Reduced physical activity due to bone pain, 
fractures, or fear of injury leads to muscle disuse atrophy. Lack of 
exercise further perpetuates bone loss, creating a vicious cycle of 
musculoskeletal deterioration.

Clinical implications and management

Understanding the systemic effects of abnormal bone resorption 
on muscle health is important for comprehensive patient care. 
Management strategies should address both bone and muscle 
health to break the cycle of deterioration. Key approaches which 
include, medications like bisphosphonates and denosumab can 
help reduce bone resorption and stabilize bone density. Calcium 
and vitamin D supplementation support bone and muscle health 
by ensuring adequate mineral availability. 

For postmenopausal women, Hormone Replacement Therapy 
(HRT) can help mitigate the effects of estrogen deficiency on 
bone and muscle. Weight-bearing and resistance exercises are 
essential for stimulating both bone formation and muscle 
strength. Tailored exercise programs can help maintain 
musculoskeletal health and reduce fracture risk. Adequate intake 
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of protein, vitamins, and minerals is vital for muscle maintenance 
and bone health. Nutritional counseling can help ensure 
balanced diets that support overall musculoskeletal function.

CONCLUSION

Abnormal bone resorption has significant systemic effects on 
muscle health, driven by disruptions in calcium homeostasis,

inflammatory mediators, hormonal imbalances, and reduced 
mechanical loading. A holistic approach to managing bone and 
muscle health, including pharmacological, hormonal, physical, 
and nutritional strategies, is essential for mitigating these effects 
and improving patient outcomes. Understanding and addressing 
the interconnectedness of bone and muscle can lead to more 
effective treatments for conditions like osteoporosis and 
sarcopenia, ultimately enhancing quality of life.
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