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DESCRIPTION
Bone resorption is an important process in the maintenance, 
repair, and remodelling of bones. It involves the breakdown of 
bone tissue by osteoclasts, which are specialized cells that remove 
mineralized bone matrix. Vitamin D, a fat-soluble vitamin, plays 
an important role in regulating bone resorption. Understanding 
the mechanisms through which vitamin D influences this process 
is essential for comprehending bone health and developing 
treatments for bone-related diseases. Vitamin D is primarily 
known for its role in calcium and phosphate homeostasis, which 
are vital for bone formation and mineralization. It is obtained 
from dietary sources and synthesized in the skin upon exposure 
to sunlight. The active form of vitamin D, calcitriol (1,25-
dihydroxyvitamin D3), exerts its effects by binding to the 
Vitamin D Receptor (VDR), a nuclear receptor expressed in 
various tissues, including bone.

Mechanisms of vitamin D in bone resorption

Vitamin D promotes the differentiation of osteoclasts from their 
precursor cells. This process involves the interaction of VDR 
with specific target genes. Calcitriol enhances the expression of 
Receptor Activator of Nuclear Factor Kappa-Β Ligand (RANKL) 
on osteoblasts and stromal cells. RANKL binds to its receptor 
RANK on osteoclast precursors, stimulating their maturation 
into active osteoclasts. The RANKL/Osteoprotegerin (OPG) 
system is a key regulator of osteoclast activity. OPG is a decoy 
receptor produced by osteoblasts and stromal cells that binds to 
RANKL, preventing it from interacting with RANK. Vitamin D 
decreases OPG production and increases RANKL expression, 
tipping the balance towards enhanced osteoclastogenesis and 
bone resorption. Beyond promoting osteoclast differentiation, 
vitamin D also enhances the resorptive activity of mature 
osteoclasts. Calcitriol increases the expression of enzymes such as 
cathepsin K and Matrix Metalloproteinases (MMPs), which are 
essential for degrading the organic matrix of bone.

It also upregulates the production of acid phosphatase, which 
helps dissolve the mineral component of bone. Vitamin D’s role 
in calcium and phosphate homeostasis indirectly affects bone 

resorption. By increasing intestinal absorption of calcium and 
phosphate, calcitriol ensures an adequate supply of these 
minerals for bone formation. When calcium levels are low, PTH 
(parathyroid hormone) is released, stimulating the conversion of 
25-hydroxyvitamin D3 to calcitriol. This, in turn, enhances bone
resorption to release calcium into the bloodstream, maintaining
calcium homeostasis. Vitamin D influences the expression of
various genes involved in bone metabolism. Through its
interaction with VDR, calcitriol regulates genes that control
osteoclast formation, function, and survival. This includes genes
encoding for proteins like RANKL, OPG, and enzymes
necessary for bone matrix degradation.

Clinical implications

Understanding how vitamin D regulates bone resorption has 
significant clinical implications. Vitamin D deficiency can lead 
to conditions like rickets in children and osteomalacia in adults, 
characterized by impaired bone mineralization. Inadequate 
vitamin D levels are also associated with osteoporosis, a 
condition marked by increased bone fragility due to enhanced 
bone resorption. Supplementation with vitamin D is a common 
strategy to improve bone health, particularly in populations at 
risk of deficiency, such as the elderly, individuals with limited 
sun exposure, and those with malabsorption disorders. By 
ensuring adequate vitamin D levels, the balance between bone 
resorption and formation can be maintained, reducing the risk 
of fractures and bone-related diseases.

CONCLUSION

Vitamin D plays a pivotal role in regulating bone resorption 
through multiple mechanisms, including the promotion of 
osteoclast differentiation, modulation of the RANKL/OPG 
system, enhancement of osteoclast activity, and the regulation of 
calcium and phosphate homeostasis. Understanding these 
mechanisms provides insight into bone health and the potential 
for therapeutic interventions in bone-related diseases. Ensuring 
adequate vitamin D levels is essential for maintaining a healthy 
balance between bone resorption and formation, ultimately 
supporting overall skeletal integrity.
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