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ABSTRACT: 
Orthodontic tooth movement (OTM) is a complex biological process involving bone resorption and apposition regulated by 
cellular, molecular, and nutritional factors.Micronutrients play a pivotal role in optimizing orthodontic outcomes by 
regulating bone remodeling, periodontal health, and enamel integrity during fixed appliance therapy. Essential nutrients such 
as calcium, phosphorus, vitamin D, vitamin C, and zinc influence osteoblastic activity, collagen synthesis, and tissue repair, 
while deficiencies can impair tooth movement, healing, and increase susceptibility to demineralization and inflammation. 
Adequate micronutrient intake, combined with proper oral hygiene and dietary counseling, enhances remineralization, 
supports soft tissue resilience, and improves overall treatment efficiency. Integrating nutritional assessment and guidance 
into orthodontic care can significantly promote biological balance, accelerate tooth movement, and reduce treatment-related 

complications. 
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INTRODUCTION 
Micronutrients play a vital role in the biological and 

clinical success of fixed orthodontic treatment by 

influencing bone metabolism, periodontal health, and 

soft tissue adaptation.1 These essential vitamins and 

minerals are critical for tissue repair, immune 

function, collagen synthesis, and overall systemic 

balance factors that directly impact the rate of tooth 

movement, healing capacity, and treatment outcomes. 

During orthodontic therapy, bone remodeling depends 

heavily on micronutrient availability, with elements 

such as calcium and phosphorus supporting bone and 
tooth mineralization, while vitamin D regulates 

osteoblastic activity and bone turnover.2 Vitamin C is 

indispensable for collagen formation and periodontal 

repair, vitamin A supports craniofacial and soft-tissue 

development, and B vitamins contribute to cellular 

metabolism and tissue regeneration. Trace minerals 

like zinc, copper, manganese, and boron further 

enhance bone matrix formation and repair 

mechanisms, though deficiencies in these can delay 

tooth movement, impair healing, and increase 

periodontal vulnerability.3 Fixed orthodontic 
appliances often alter dietary habits, as patients tend 

to avoid hard or fibrous foods that are rich sources of 

key micronutrients, leading to nutritional imbalances 

that may compromise bone integrity and oral health. 

Such deficiencies can heighten the risk of plaque 

accumulation, gingivitis, and white spot lesions, 

emphasizing the need for proactive nutritional 

counseling during treatment.4 Ensuring adequate 

micronutrient intake through balanced diets, soft 

nutrient-rich foods like cooked vegetables, fruits, and 

smoothies, and, where appropriate, supplementation, 
can significantly improve treatment outcomes, 

promote bone remodeling, and maintain periodontal 

stability. While the focus on micronutrient 

optimization is essential, it must be integrated with 

proper oral hygiene and overall dietary balance to 

achieve holistic oral health and successful orthodontic 

results.5 
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Biological Basis of Orthodontic Tooth Movement 

and Nutritional Influence 

Orthodontic tooth movement (OTM) fundamentally 

depends on the process of mechanotransduction 

within the periodontal ligament (PDL), where 
mechanical forces generated by fixed orthodontic 

appliances are converted into biochemical signals that 

drive cellular responses necessary for bone 

remodeling.6 When orthodontic forces are applied, 

they create areas of compression and tension within 

the PDL, activating mechanosensitive receptors and 

ion channels such as Piezo1 on fibroblasts, which in 

turn stimulate intracellular signaling cascades 

involving inflammatory mediators like interleukins 

(IL-6, IL-8) and cyclooxygenase-2 (COX-2). This 

controlled sterile inflammatory process promotes 

extracellular matrix remodeling, with bone resorption 
occurring on the compression side and new bone 

formation on the tension side.7 Local hypoxia from 

vascular compression further influences these 

remodeling dynamics. Central to this biological 

response is the RANK/RANKL/OPG pathway, where 

RANKL (Receptor Activator of Nuclear Factor κB 

Ligand) induces osteoclast differentiation and activity, 

while osteoprotegerin (OPG) serves as a natural 

inhibitor by binding RANKL, thus maintaining the 

balance between bone resorption and formation. 

Prostaglandins, particularly PGE2, further enhance 
osteoclastic activity, supporting the coordinated bone 

turnover required for tooth movement.8 Importantly, 

the efficiency and pace of OTM are significantly 

influenced by the patient’s metabolic and nutritional 

status. Micronutrients such as calcium, vitamin D, 

vitamin C, zinc, copper, and boron are vital for 

osteoblastic differentiation, collagen synthesis, and 

enzymatic processes essential for bone matrix 

mineralization.9 Deficiencies in these nutrients can 

impair osteoclast and osteoblast function, slow down 

tooth movement, and increase periodontal risks. 

Nutrients like vitamin D and calcium regulate 
osteoblast differentiation through RUNX2 and Osterix 

transcription factors, while vitamin C is indispensable 

for collagen synthesis in PDL remodeling.10 Thus, the 

interplay between mechanical loading and nutritional 

status determines the biological response and clinical 

success of orthodontic treatment. Regular nutritional 

evaluation and, when necessary, targeted 

supplementation can enhance cellular and molecular 

mechanisms underlying orthodontic tooth movement, 

optimizing treatment outcomes and patient health.11 

 

 

 

 

 

Key Micronutrients and Their Biological Roles in 

Fixed Orthodontic Patients 

Micronutrients serve as essential modulators of bone 

metabolism, tissue adaptation, and healing, 

profoundly influencing the biological and clinical 
outcomes of orthodontic treatment, particularly in 

patients with fixed appliances.12 Calcium and 

phosphorus are fundamental to bone mineralization 

and alveolar bone density maintenance, contributing 

to the formation of hydroxyapatite crystals that ensure 

tooth stability during orthodontic tooth movement 

(OTM). Insufficient calcium intake disrupts bone 

turnover and the regulatory balance between 

parathyroid hormone (PTH) and calcitonin, slowing 

the remodeling process and impairing tooth 

movement efficiency.13 Vitamin D plays a synergistic 

role by regulating calcium and phosphate metabolism, 
promoting osteoblastic differentiation, and optimizing 

periodontal ligament adaptation, while its deficiency 

can delay bone remodeling and tooth movement. 

Recent studies suggest that vitamin D 

supplementation or localized administration may 

enhance bone turnover and anchorage control, thereby 

improving treatment response and recovery.14 Vitamin 

C, essential for collagen synthesis and fibroblast 

proliferation, maintains periodontal ligament integrity 

and supports gingival healing around orthodontic 

brackets; its deficiency often results in gingival 
inflammation, bleeding, and delayed tissue repair. 

Zinc acts as a cofactor for DNA synthesis and 

collagen cross-linking, facilitating osteoblast 

differentiation and antioxidant defense, whereas 

inadequate zinc levels can impair bone regeneration 

and exacerbate oxidative stress.15 Magnesium, another 

crucial element, stabilizes hydroxyapatite structure, 

regulates osteoclastic activity, and aids enzymatic 

repair during OTM, while iron supports oxygen 

transport and collagen formation vital for post-

adjustment healing its deficiency leading to poor 

tissue oxygenation and increased oral ulcerations.16 
Fat-soluble vitamins also play integral roles: vitamin 

A governs epithelial differentiation and immune 

response, vitamin E functions as a potent antioxidant 

protecting oral tissues from oxidative damage, and 

vitamin K contributes to osteocalcin activation and 

efficient bone protein synthesis.17 Collectively, these 

micronutrients orchestrate a balanced interaction 

between bone resorption and formation via the 

RANK/RANKL/OPG signaling axis, ensuring 

effective collagen turnover and adaptive tissue 

remodeling under orthodontic forces.18 Therefore, 
maintaining optimal micronutrient levels through diet 

or supplementation is indispensable for achieving 

efficient tooth movement, preserving periodontal 

health, and ensuring successful orthodontic 

outcomes.19 
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Micronutrient Role in Orthodontics Deficiency Effects Common Dietary 

Sources 

Calcium Bone mineralization, maintains 

alveolar bone density, supports 

tooth stability 

Delayed tooth movement, 

poor bone turnover, 

periodontal problems 

Milk, cheese, 

yogurt, leafy 

greens 

Phosphorus Formation of hydroxyapatite 

crystals, bone strength 

Impaired mineralization, bone 

weakness 

Meat, fish, dairy, 

nuts 

Vitamin D Regulates calcium & phosphate 

metabolism, enhances osteoblastic 
differentiation 

Slow tooth movement, 

delayed bone remodeling, 
weak bone response 

Sunlight, fish oil, 

eggs, fortified 
milk 

Vitamin C Collagen synthesis, PDL integrity, 

tissue healing 

Gingival bleeding, delayed 

repair, inflammation 

Citrus fruits, 

strawberries, bell 

peppers 

Vitamin A Epithelial cell differentiation, 

immune regulation 

Poor soft tissue health, 

abnormal craniofacial 

development 

Carrots, spinach, 

liver, sweet 

potatoes 

Vitamin E Antioxidant protection against 

oxidative stress 

Increased tissue damage, 

inflammation 

Nuts, seeds, 

vegetable oils 

Vitamin K Activates osteocalcin, aids bone 

protein synthesis 

Impaired bone formation, 

delayed remodeling 

Green leafy 

vegetables, 

broccoli, soybeans 

Zinc DNA synthesis, collagen cross-

linking, antioxidant defense 

Impaired bone regeneration, 

slow healing 

Meat, poultry, 

legumes, nuts 

Magnesium Bone mineral metabolism, 

regulates osteoclastic activity 

Bone fragility, increased 

inflammation 

Whole grains, 

nuts, legumes, 

leafy vegetables 

Iron Oxygen transport, collagen 
synthesis, tissue repair 

Anemia, delayed healing, oral 
ulcerations 

Red meat, 
spinach, legumes, 

fortified cereals 

Copper Bone matrix formation, connective 

tissue strength 

Weak bone matrix, anemia Shellfish, nuts, 

seeds, whole 

grains 

Manganese Enzyme activation, collagen 

formation, bone metabolism 

Impaired bone and connective 

tissue development 

Nuts, grains, tea 

Boron Supports bone strength, collagen 

metabolism, mineralization 

Reduced bone quality, 

delayed healing 

Dried fruits, 

avocados, legumes 

 

Micronutrients in the Prevention and 

Remineralization of White Spot Lesions in 

Orthodontic Patients 

Fixed orthodontic appliances are known to increase 

the risk of enamel demineralization and the 
development of white spot lesions (WSLs) due to 

plaque accumulation around brackets and wires, 

which create localized acidic environments conducive 

to mineral loss.20 Micronutrients such as calcium, 

phosphorus, fluoride, vitamin D, and magnesium play 

a vital role in preventing and reversing these lesions 

by enhancing enamel remineralization and 

maintaining mineral homeostasis. Calcium and 

phosphorus are fundamental components of 

hydroxyapatite, the mineral that gives enamel its 

hardness and structural integrity, and their presence in 

saliva is crucial for natural remineralization processes 
that restore mineral loss caused by bacterial acids.21 

Fluoride acts synergistically with these minerals by 

promoting remineralization, inhibiting acid production 

from cariogenic bacteria, and forming fluorapatite 

crystals that are more resistant to acid dissolution. 

Regular use of fluoride-containing products such as 

toothpaste, mouth rinses, varnishes, and fluoride-

releasing adhesives has been clinically proven to 

reduce the incidence and severity of WSLs in 

orthodontic patients. Vitamin D further enhances this 

process by regulating calcium and phosphorus 
absorption and maintaining their balance, thereby 

supporting both enamel and bone health during 

orthodontic treatment.22 Magnesium complements 

these effects by stabilizing hydroxyapatite crystals 

and supporting enzymatic functions in saliva that help 

maintain optimal pH and buffering capacity, creating a 

remineralization-favorable environment. Clinical 

evidence consistently demonstrates that sufficient 

dietary intake of these micronutrients, either through 

natural sources like dairy products, leafy greens, nuts, 

and fish or through supplementation, leads to 

improved enamel resilience and a lower prevalence of 
WSLs during orthodontic therapy.23 

 

Role of Micronutrients in Periodontal and Soft 

Tissue Health During Fixed Orthodontic Therapy 

Micronutrients are essential for maintaining 

periodontal and soft tissue integrity in orthodontic 
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patients, as they play a key role in healing, 

inflammation control, and protection against oxidative 

stress induced by fixed appliances. Vitamins C and E 

are particularly important antioxidants that support 

gingival health and repair during orthodontic 
treatment vitamin C promotes collagen synthesis, 

fibroblast function, and periodontal ligament stability, 

thereby reducing inflammation and accelerating 

wound healing, while vitamin E provides anti-

inflammatory protection, stabilizes cell membranes, 

and defends oral tissues from oxidative damage.24 

Similarly, zinc and iron are critical trace elements that 

contribute to epithelial regeneration, immune 

regulation, and collagen formation; their deficiencies 

can result in gingival bleeding, delayed healing, and 

greater vulnerability to infections or ulcerations. Fixed 

orthodontic forces often induce oxidative stress and 
cytokine release in the periodontium, which can 

compromise tissue integrity if antioxidant defenses 

are inadequate. In this context, micronutrients such as 

vitamins C and E, zinc, and selenium act as free 

radical scavengers, lowering lipid peroxidation and 

maintaining periodontal cell viability. Clinical studies 

have demonstrated that sufficient intake or 

supplementation of these nutrients enhances 

osteoblastic activity, collagen formation, and bone 

remodeling, particularly on the tension side of tooth 

movement, thereby promoting tissue resilience and 
optimal orthodontic outcomes.25 

 

CONCLUSION 

Nutrigenomics represents the next frontier, offering 

the potential to predict individual biological 

responsiveness to mechanical forces by analyzing 

genetic predispositions to inflammation and bone 

remodeling pathways. Micronutrients serve as silent 

regulators of bone remodeling, tissue integrity, and 

immune balance during orthodontic therapy. Adequate 

intake of calcium, vitamin D, vitamin C, zinc, and 

magnesium not only enhances treatment efficiency 
but also mitigates adverse effects such as gingival 

inflammation and enamel demineralization. 

Integrating nutritional guidance within orthodontic 

care represents a cost-effective, preventive, and 

biologically supportive approach for achieving 

optimal clinical outcomes. 
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