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Bone is a dynamic, living tissue that continuously remodels throughout life.
Understanding bone development and the determinants of peak bone mass
(PBM) is essential, as PBM strongly influences osteoporosis and fracture
risk later in life. Approximately 60—-80% of adult bone density is established
by PBM.

Bone formation begins in the embryo through intramembranous (skull, clav-
icle) and endochondral ossification (limbs, vertebrae), regulated by genes
such as RUNX2, SOX9, COL1A1, and FGFRs. During childhood, longitudi-
nal bone growth occurs via the epiphyseal plate under GH, IGF-1, and thy-
roid control, while periosteal apposition increases cortical thickness. Adoles-
cence is the critical period for PBM acquisition, during which 40—60% of total
bone mass accumulates under the influence of estrogen and testosterone.
Peak bone mass is typically achieved between ages 18-25 in females and
20-30 in males, after which remodeling replaces modeling.

Genetic factors account for about 60—-80% of PBM variability, involving path-
ways such as Wnt/B-catenin, RANK/RANKL/OPG, and estrogen receptor
signaling. Hormones, including GH, IGF-1, thyroid, PTH, and sex steroids,
modulate bone turnover. Adequate calcium, vitamin D, and protein intake
during growth are essential, whereas high phosphate or sodium intake may
impair calcium absorption. Weight-bearing exercise strongly promotes bone
formation, while immobilization reduces bone mass even in healthy adoles-
cents.

Chronic diseases (JIA, IBD, endocrine disorders), delayed puberty, malnu-

@n, and prolonged glucocorticoid or anticonvulsant use negatively affect
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PBM. Clinically, bone health assessment involves DEXA (adjusted for age,
sex, and size) and biochemical markers (ALP, PANP, CTX). Preventive strat-
egies include optimizing nutrition, ensuring physical activity, correcting hor-
monal or metabolic abnormalities, and minimizing unnecessary bone-weak-
ening medications. Early interventions during childhood and adolescence
are crucial, as lost opportunities for PBM development cannot be fully recov-
ered in adulthood.
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A healthy, balanced diet that contains enough protein, calories, and is rich in
essential nutrients can support healthy bones from an early age and main-
tain them throughout your life. Calcium and vitamin D are the most important
nutrients for bone health. Studies showed that a low dose of vitamin D with
or without calcium is more effective than calcium alone. Vitamin K may not
have an additional effect when compared with calcium and vitamin D. Oxalic
acid and phytic acid interfere with the absorption of Ca, and the food source
containing them is considered a weak source of Ca. An excessive sodium
(Na) consumption may also increase urinary excretion of Ca, as Ca and Na
compete for reabsorption. Phosphorus is the second basic component (after
Ca) of bone tissue. Phosphorus deficiency causes sluggish growth and rick-
ets in children and osteomalacia in adults. Some studies report that elevated
P intake is detrimental to bone health in people whose dietary Ca:P ratio
is extremely lowStudies about magnesium showed that 30-40% of women
have hypomagnesemia and may benefit from supplementation. Flavonoids,
due to their anti-inflammatory properties, may also support bone health.It
seems that most of micronutrients have essential roles in the bone health.
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Background: The conventional nutritional strategy for osteoporosis, pre-
dominantly focused on micronutrient supplementation, provides an incom-
plete therapeutic framework. Compelling evidence now positions the gut-
bone axis as a central regulator of skeletal homeostasis.

Objective: This presentation will elucidate a transformative paradigm: the
critical role of dietary macronutrient quality in modulating bone metabolism
through gut microbiome-derived signals.

Scientific Rationale: The gut microbiota exerts its influence on bone through
several key, interconnected mechanisms:

1. Production of Short-Chain Fatty Acids (SCFAs): Bacterial fermentation of
prebiotic fibers yields SCFAs, principally butyrate. These metabolites func-
tion as potent epigenetic regulators, enhancing osteoblastogenesis through
histone deacetylase (HDAC) inhibition, while concurrently promoting osteo-
clast apoptosis via G-protein coupled receptor (GPCR) activation.

2. Systemic Immunomodulation: SCFAs promote a tolerogenic immune state
by expanding regulatory T-cell (Treg) populations and suppressing the differ-
entiation of pro-osteoclastogenic T-helper 17 (Th17) cells, thereby downreg-
ulating the RANKL/RANK/OPG pathway.

3. Enhancement of Intestinal Barrier Function: SCFAs serve as the primary
energy source for colonocytes, reinforcing tight junction integrity and pre-
venting metabolic endotoxemia (e.g., LPS translocation), a key driver of

chronic inflammation and bone resorption. /
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Clinical Translation: This mechanistic understanding mandates a shi@

tary advice from macronutrient quantity to source and quality:

e Carbohydrates: Emphasize fermentable fibers (e.g., inulin, FOS) and re-
sistant starch over refined sugars to maximize SCFA production.

e Fats: Favor anti-inflammatory lipids (e.g., omega-3 PUFAs, extra virgin
olive oil) to resolve inflammation and support microbial diversity, while reduc-
ing pro-inflammatory omega-6 rich oils.

e Protein: The skeletal impact of protein is contextual; its potential acid load
is effectively buffered when co-consumed with a high-fiber, prebiotic-rich diet
that facilitates endogenous bicarbonate generation from SCFAs.

Conclusion: Osteoporosis management requires a systems-level approach
that integrates gut microbiome health. A dietary pattern rich in diverse plants,
high-quality fats, and smart proteins—exemplified by the Mediterranean
diet—optimizes the macronutrient-microbiome axis for bone preservation.
The future of nutritional intervention lies in personalized strategies based on
microbiome profiling and targeted use of prebiotics and postbiotics.
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I will discuss about the prevalence of osteoporotic fracture, its trend in recent
years, and the clinical and financial burden of the fracture all over the world.

Challenges in management of osteoporotic fracture

treatment of osteoporotic fracture is challenging and there are unique strat-
egies in pre operative planning, fixation methods, and post operative care. |
will discuss the challenges in OP fracture management.

Risk assessment tools

Systematic action for prevention of OP fracture requires tools for risk assess-
ment. | will review the available risk assessment tools and introduce the best
way for categorizing OP fractures.

The best ways to prevent osteoporotic fractures

According to risk assessment results, | am going to discuss about different
approaches to prevent subsequent OP fracture after the first episode of frac-
ture.
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Osteoporosis treatment comes with many challenges.one of these challeng-
es is related to drug denosumab. Denosumab is fully human monoclonal
antibody against RANK ligand .Denosumab treatment decreases bone re-
sorption, increase BMD, and reduces the risk of vertebral, nonvertebral and
hip fractures.

This is one of the most powerful known treatments for osteoporosis. Although
there are studies on the use of this drug for up to 10 years to treat osteopo-
rosis, Evidences on long-term use of the drug is lacking and concerns about
rare but serious side effects and the cost of treatment may lead to discon-
tinuation of treatment.Unfortunately, stopping treatment quickly leads to the
loss of the bone benefits of this drug and increase in the risk of fractures,
especially vertebral fractures. in this lecture along with a case review | briefly
introduce the drug, and discuss about its mechanism of action, the effects of
drug withdrawal on bone turnover markers, bone density, and fractures, and
strategies for preventing these complications after drug withdrawal in various
situations based on available scientific evidences.
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