
IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 
ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 10,  Issue 03  2021 

778 
 

 

Role of Micronutrients in Tissue Repair and Physiotherapeutic 

Rehabilitation Outcomes 

Maman Paul 

Assistant Professor, Department of Physiotherapy, Guru Nanak Dev University, 

Amritsar-143005, Punjab, India 

(e-mail: mamanpaul@gmail.com) 

Abstract: Tissue repair is a complex biological process involving cellular regeneration, 

inflammation control, and remodeling which are the key determinants of successful 

rehabilitation following injury or surgery. While physiotherapeutic outcomes provides 

mechanical and functional stimuli for recovery, nutritional factors, particularly micronutrients 

such as vitamin D, zinc, and magnesium, play crucial biochemical roles in tissue healing, 

muscle recovery, and neuromuscular coordination. Vitamin D is essential to maintain strong 

and healthy bones by supporting mineralization, growth, and repair of the skeletal system. 

Magnesium contributes to essential biochemical pathways, acting as a cofactor in protein 

making, collagen formation, and tissue repair. Zinc aids in immune function, DNA synthesis, 

protein and collagen formation, cell growth, and the restoration of damaged tissues. 

Emerging evidence indicates that deficiencies in these micronutrients can delay healing, 

impair muscle strength, and compromise physiotherapy outcomes. Minerals are required by 

the body for many important functions. If athletes don’t get enough, their performance can 

suffer. This article reviews the physiological functions of vitamin D, zinc, and magnesium in 

tissue repair and their synergistic influence on rehabilitation success. Understanding these 

interactions can guide integrated therapeutic strategies combining physiotherapy with 

targeted micronutrient optimization. 
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Introduction: The trace elements and minerals called as micronutrients are critical players in 

how cells function, even though these are required in small doses, particularly during wound 

healing. These nutrients function as cofactors or directly participate in enzymatic processes 

fundamental to tissue repair (Arnold & Barbul, 2006; Stechmiller et al., 2009). 

Musculoskeletal injuries and post-surgical conditions are among the most common causes of 

physical disability. Physiotherapeutic interventions are essential for restoring function, but 

recovery is often influenced by the body’s nutritional status. Micronutrients though required 

in small quantities play indispensable roles in cellular metabolism, enzymatic activity, and 

tissue remodeling. Vitamin D, zinc, and magnesium are particularly critical for 

musculoskeletal integrity. Deficiencies in these nutrients are prevalent worldwide and 

negatively affect the healing process of wounds, impaired collagen network formation, as 

well as reduced muscle performance. Integrating micronutrient assessment and 

supplementation could significantly enhance rehabilitation efficiency, shorten recovery time, 

and improve long-term outcomes (Heffernan et al., 2019). 
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Vitamin D: Modulator of Musculoskeletal Health 

Calciferol play a key role in curing of the wounds due to its ability for reducing swelling. 

Evidence show that vitamin D significantly down regulates the cellular response to tumor 

necrosis factor-α (TNF-α), a key mediator of inflammation. This effect occurs through 

inhibition of c-Jun N-terminal kinase (a member of the mitogen-activated protein kinase 

family) and the nuclear factor-κB (NF-κB) signaling pathways, thereby limiting TNF-α 

activity. Although the precise mechanisms remain unclear, vitamin D’s capacity as dual 

receptor affinity (membrane and nuclear) implies that the molecule possesses diverse 

signaling pathways suggesting multiple possible modes of action. In addition, sufficient 

serum Calciferol levels are correlated with lower concentrations of interleukin-6 (IL-6) and 

C-reactive protein in comparison to deficient states; further supporting its anti-inflammatory 

role. Vitamin D functions not only in calcium-phosphate homeostasis but also as a hormone 

influencing muscle and immune function (Bahar-Shany et al., 2010; Laird et al., 2014). 

Gorter et al.(2014) reported that Vitamin D is essential for regulating calcium absorption in 

the gut and maintaining bone density supporting repair, both in the post-operative setting and 

during normal metabolic activity. Rather than directly stimulating osteocyte division, vitamin 

D promotes healing through indirect mechanisms, primarily by enhancing bone mineral 

density (BMD) (Chung et al., 2011). 

Evidence strongly supports that ensuring adequate intake of vitamin D and calcium reduces 

likelihood of skeletal fractures. For instance, Avenell and colleagues (2009) observed that 

older patients having adequate blood concentrations of these two nutrients experienced fewer 

hip fractures than their vitamin D deficient counterparts. 

• Musculoskeletal recovery: Vitamin D receptors (VDR’s) are expressed in skeletal 

muscle cells, and has a direct effect on skeletal muscle function and metabolism, not just 

an indirect one via calcium regulation where activation promotes muscle protein synthesis 

and fiber differentiation. 

• Inflammation control: Vitamin D modulates cytokine expression, reducing pro-

inflammatory markers (IL-6, TNF-α) and improve the regulation of inflammation critical 

during tissue repair. 

• Rehabilitation impact: Adequate vitamin D levels improve muscle strength, 

coordination, and endurance, factors vital for physiotherapy outcomes, especially in older 

adults and immobilized patients. 

Research indicates that individuals maintaining optimal concentrations of serum 25-

hydroxyvitamin D [25(OH)D] experience superior health outcomes and exhibited faster post-

fracture healing and superior gains in muscle function during rehabilitation compared to 

vitamin D-deficient individuals (Avenell et al.,2009). 

Zinc: Catalyst for Cellular Regeneration and Wound Healing 

Zinc taking the role of critical auxiliary molecule for variety of intracellular enzyme-

mediated transformations that facilitate tissue repair and regeneration. In addition to its 
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enzymatic role, zinc functions as a potent antioxidant, mitigating oxidative stress and enhance 

cellular resilience against epithelial apoptosis. Its antimicrobial properties further contribute 

to its therapeutic value in wound management. Clinically, topical formulations most notably 

zinc oxide are extensively applied, with Unna boot bandages representing a well-established 

intervention for leg ulcers due to venous insufficiency. Conversely, zinc supplied orally or 

systemically fails to consistently demonstrate efficacy in accelerating wound healing, with 

potential benefit observed primarily in individuals presenting with hypozincemia (Wilkinson 

& Hawke, 1998). 

In mammals, more than 50 zinc-dependent metalloenzymes have been identified, many of 

which are crucial for DNA and RNA synthesis. Among these, six enzymes specifically 

support glycolysis, highlighting zinc’s broad metabolic role. Beyond metabolism, zinc is 

indispensable for epidermal development, ensuring proper terminal differentiation of skin 

cells (Molokhai & Portnoy, 1969; Tucker et al., 1976). Early clinical studies on postsurgical 

wounds reported that zinc supplementation accelerated healing of postsurgical pilonidal sinus 

wounds. In contrast, animal studies did not show any improvement in wound repair with 

zinc-enriched diets. Nevertheless, some proponents continue to recommend pre-operative 

zinc supplementation even in individuals with normal zinc status as a potential means of 

enhancing post-operative wound healing (Pories et al., 1967; Weismann, 1978; Faure et al., 

1991). 

Zinc is a vital mineral that participates within diverse metabolic processes of the cell. It 

underpins the catalytic performance of numerous enzymes, notably metalloproteinases, while 

contributing to immune regulation, DNA construction, protein and collagen development, 

cellular expansion, and the healing of wounds. Supplements of Zinc are advised primarily 

when deficiency occurs, which is frequently observed in subjects with protein-energy 

malnutrition, diarrhea, malabsorption, or hypermetabolic conditions such as stress, systemic 

infection, thermal injuries, vascular stasis, ulcers, severe injury, etc. Standard daily 

recommendation for zinc intake is 11 mg in case of men and 8 mg for women. Aimed at 

wound-healing purpose, supplementation of up to 40 mg (equivalent to 176 mg zinc sulfate) 

for 10 days was highlighted. A standard adult oral replacement regimen often involves 

administration of zinc sulfate at a dosage of 220 mg, administered two times per day, 

providing approximately 25–50 mg of elemental zinc, although the optimal duration of 

therapy has not been established in the literature. Excessive zinc intake may impair 

absorption of iron and copper, potentially leading to deficiencies in these essential minerals 

(Stechmiller et al., 2007; Stechmiller et al., 2009). 

Zinc is a vital micronutrient serving as a cofactor in more than 300 enzymatic processes, 

many of which regulate DNA synthesis, protein formation, and cell proliferation. 

• Tissue repair: Zinc is critical for fibroblast proliferation, keratinocyte migration, and 

collagen synthesis, all of which contribute to wound closure and tissue integrity. 

• Immune support: It enhances innate and adaptive immunity, minimizing infection risks 

that could delay recovery. 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 
ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 10,  Issue 03  2021 

781 
 

 

• Antioxidant defense: Zinc stabilizes cellular membranes and protects against oxidative 

stress during inflammation and rehabilitation exercises. 

Deficiency in zinc is associated with delayed wound closure, muscle weakness, and increased 

susceptibility to infection, all of which can prolong physiotherapeutic recovery (Stechmiller 

et al., 2009). 

Magnesium: The Energy Mineral for Muscle and Nerve Function 

Acting as a critical cofactor, magnesium participates in multiple enzyme-mediated processes, 

including pathways responsible for collagen formation, a process frequently measured as an 

indicator of wound healing (Demling & DeBiasse, 1995). Magnesium operates as a trace 

nutrient required for enzymatic activity in protein production, collagen construction, and 

tissue regeneration. By interacting through adenosine triphosphate (ATP), magnesium 

supports enzymatic reactions required in formation of collagen, a critical component of 

wound healing (Arnold & Barbul, 2006). 

Magnesium is required in excess of 600 enzymatic pathways as a cofactor, many directly 

involved in energy metabolism and neuromuscular transmission. 

• Muscle recovery: Magnesium is essential for ATP synthesis, muscle relaxation, and 

prevention of cramps and spasms commonly encountered during rehabilitation exercises. 

• Bone healing: It contributes to osteoblastic activity and mineralization, complementing 

Vitamin D and calcium complementary roles in skeletal mineralization, bone health and 

repair. 

• Anti-inflammatory role: Magnesium modulates oxidative stress and inflammation, 

reducing tissue damage and promoting regeneration. 

Suboptimal magnesium status can result in muscular fatigue, reduced coordination, and 

prolonged recovery periods during physiotherapy (Arnold & Barbul, 2006). 

Synergistic Role of Micronutrients in Rehabilitation: (Holick, 2007; Heffernan et al., 

2019) 

While each micronutrient independently supports tissue repair, their synergistic actions are 

crucial for optimal recovery: 

• Vitamin D enhances intestinal absorption of magnesium and zinc. 

• Zinc supports vitamin D metabolism through enzymatic activation. 

• Magnesium ensures proper function of vitamin D binding proteins and VDR signaling. 

This interrelationship underscores the need for balanced micronutrient supplementation rather 

than isolated intake. Rehabilitation outcomes such as muscle strength recovery, joint 

flexibility, and wound healing are optimized when these nutrients are sufficient. 

Clinical Evidence: Studies have emphasized the relationship between micronutrient status 

and rehabilitation outcomes: 

• Pfeifer et al.(2002) found that vitamin D deficiency correlates with slower muscle 

recovery post-orthopedic surgery. 
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• Stechmiller et al.(2009) reported zinc’s central role in wound healing and inflammation 

modulation. 

• Wang et al.(2017) demonstrated that magnesium supplementation improved muscle 

performance and reduced fatigue in physically active and rehabilitating individuals. 

These findings support incorporating micronutrient evaluation as part of standard 

physiotherapy assessment protocols. 

Implications for Physiotherapy and Clinical Practice: (de Baaij et al., 2015; Heffernan et 

al., 2019) 

Physiotherapists, often the primary coordinators of rehabilitation, can benefit from 

understanding nutritional determinants of recovery. Collaboration with nutritionists to assess 

and correct micronutrient deficiencies may: 

• Enhance muscle strength and neuromuscular efficiency. 

• Accelerate tissue repair and bone healing. 

• Reduce inflammation, fatigue, and re-injury risk. 

Routine biochemical monitoring of serum 25(OH)D, magnesium and zinc concentrations is 

advised especially for delayed healing, chronic pain, or limited functional progress. 

Future Directions: Further interdisciplinary research is needed to establish evidence-based 

guidelines on micronutrient supplementation during physiotherapy. Key research priorities 

include: 

• Determining optimal serum levels for enhanced rehabilitation outcomes. 

• Investigating the efficacy of combined vitamin D, zinc, and magnesium supplementation 

in specific injury models. 

• Evaluating biochemical changes through advanced analytical tools for precise nutrient 

profiling (such as Liquid Chromatography with tandem mass spectrometry: LC-MS/MS). 

Such research could inform clinical nutrition protocols tailored to physiotherapy-based 

recovery programs (APTA, 2019). 

Conclusion: Vitamin D, zinc, and magnesium play indispensable roles in tissue repair, 

neuromuscular function, and inflammation control as key components of effective 

rehabilitation. Their deficiency can significantly delay recovery, while adequate levels 

promote faster and more complete functional restoration (Heffernan et al., 2019).  Integrating 

micronutrient assessment into physiotherapy programs represents a progressive, evidence-

driven approach to improving patient outcomes. Future clinical trials and biochemical studies 

will be instrumental in validating this integrated model of nutritional-physiotherapeutic care. 
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