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ABSTRACT 

In an era of an aging population, vitamin D deficiencies constitute a significant clinical problem. Its 

pleiotropic effects encompass key reparative processes in soft and bone tissues, as well as 

modulation of the nervous and immune systems, suggesting its potentially important role in injury 

prevention and healing support. The aim of this review was to systematically analyse and synthesise 

current knowledge regarding: (1) the molecular mechanisms of vitamin D action in repair processes, 

(2) the efficacy of its supplementation in the context of post-injury healing, and (3) the clinical 

consequences of its deficiency. The literature review was conducted according to the PRISMA 

methodology. The PubMed, Scopus, and Web of Science databases were searched using defined 

keywords related to vitamin D, wound healing, bone regeneration, and trauma. Original and review 

articles published between 2010 and 2024 were analysed. The synthesis confirmed the key role of 
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vitamin D in regulating cell proliferation, angiogenesis, extracellular matrix synthesis, and 

inflammation modulation. Clinical data indicate that supplementation is most beneficial for patients 

with pre-existing deficiency, significantly reducing the risk of complications and improving healing 

parameters. Groups at particular risk of deficiency requiring monitoring include the elderly, burn 

victims, diabetics, individuals with dark skin phototypes, and those with malabsorption disorders. 

For patients with normal or high baseline 25(OH)D levels, the benefits of supplementation are 

limited or insignificant. Optimising vitamin D levels is a significant, modifiable factor supporting 

tissue healing, especially in deficient patients. Routine assessment of vitamin D status and targeted 

supplementation in risk groups should be an integral part of comprehensive post-traumatic care. 

Further prospective randomised trials are needed to precisely determine optimal doses and 

supplementation regimens for different types of injuries. 

Introduction. Vitamin D, thanks to the VDR receptor present in cells involved in healing, plays a 

key role in tissue regeneration by modulating the processes of proliferation, immune response and 

matrix synthesis. Despite widespread deficiencies in populations at risk of injury (the elderly, people 

with burns, diabetes), there are no clear clinical recommendations for supplementation in this 

context. This review aims to systematise knowledge on the molecular mechanisms of vitamin D 

action, the effectiveness of its supplementation in improving post-traumatic healing, and the clinical 

consequences of its deficiency. The presented synthesis is intended to provide evidence-based 

guidelines for diagnosis and treatment, as well as to identify areas requiring further research. 

Purpose of the work. This review aims to summarise the current state of knowledge on the role of 

vitamin D in wound healing and tissue regeneration after injuries. In particular, it focuses on 

analysing the consequences of its deficiency in a clinical context, taking into account the healing of 

bone fractures, burns and soft tissue injuries. An additional objective is to discuss the rationale and 

strategies for supplementation of this vitamin, including the determination of its optimal serum 

concentration necessary to support repair processes. Since vitamin D has a pleiotropic effect, the 

paper emphasises its multidirectional impact on numerous physiological pathways beyond calcium-

phosphate homeostasis, which is fundamental to the effective treatment of patients with tissue 

damage. 

Materials and methods. An analysis of scientific articles available on PubMed and Google Scholar 

was conducted using the following keywords: Vitamin D in burns and injuries, vitamin D injuries, 

vitamin D burns, vitamin D supplementation, vitamin D in orthopaedic surgery, vitamin D 

physiology, pleiotropic effects of Vitamin D. 

Results. A review of the literature indicates that vitamin D deficiency affects 57.9–83.2% of the 

Polish population, rising to over 73.5% during winter months. Its clinical consequences are observed 

in the majority of the population in temperate climates, particularly in high-risk groups such as the 
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elderly, burn patients, and individuals with diabetes. The most commonly reported symptoms 

include musculoskeletal pain, muscle weakness, and increased susceptibility to low-energy fractures. 

The diagnostic gold standard remains measurement of serum 25-hydroxyvitamin D [25(OH)D] 

concentration. Supplementation with cholecalciferol (vitamin D3) in deficient patients resulted in 

significantly accelerated wound healing, reduced infection risk, improved fracture consolidation, 

and enhanced muscle regeneration. The greatest benefits were observed in individuals with baseline 

deficiency, while patients with normal or high vitamin D levels showed limited additional 

improvement. 

Keywords: vitamin D, cholecalciferol, wound healing, bone regeneration, tissue repair, 

supplementation, deficiency, trauma 

 

 

 

 

 

 

1. PHYSIOLOGY OF VITAMIN D – BIOCHEMISTRY, ABSORPTION, SKIN 

SYNTHESIS AND FUNCTIONS IN THE HUMAN BODY  

Vitamin D, classified as a lipophilic compound, occupies a special position among compounds 

referred to as vitamins. Unlike most of them, it can be effectively synthesised endogenously in the 

skin under the influence of ultraviolet B (UVB) radiation as a result of the non-enzymatic 

photoconversion of 7-dehydrocholesterol – a derivative of the cholesterol biosynthesis pathway – 

to cholecalciferol (vitamin D3). Thus, it essentially acts as a prohormone, and its trace supply from 

the diet (mainly in the form of vitamin D3 and ergocalciferol – vitamin D2 of plant origin) is 

supplementary. The efficiency of both dietary absorption and endogenous synthesis is modulated 

by numerous factors. Intestinal absorption of vitamin D depends on the presence of fats in food, and 

its average efficiency is about 78%, with no significant differences between the D2 and D3 forms. 

During digestion, vitamin D is esterified with fats from food and then hydrolysed by pancreatic 

enzymes, after which it is incorporated into micelles – a key step for its bioavailability. This process 

is modulated, among other things, by the presence of sterols (cholesterol and phytosterols), which 

dose-dependently inhibit the incorporation of vitamin D into micelles, as well as by high 

concentrations of vitamins E, K and A, and to a lesser extent by the composition of fatty acids. Other 

carriers may also participate in transport, e.g. β-lactoglobulin found in milk. [1,2,3]. Specific factors 

affecting absorption are listed in Table 1. Endogenous skin synthesis depends on geographical and 

environmental factors, which explains the higher incidence of deficiency diseases, such as rickets 
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in children and osteomalacia in adults, in regions with limited exposure to UVB radiation. In 

temperate climates (e.g. Poland), serum 25(OH)D concentrations are higher in summer and autumn 

and lower in winter and spring. The effectiveness of synthesis is influenced by latitude, season, skin 

pigmentation, age, clothing and the use of UV filters. [1,2,4]. The main physiological effect of the 

active form of vitamin D – 1,25-dihydroxycholecalciferol (calcitriol) – focuses on maintaining 

systemic calcium and phosphate homeostasis by increasing intestinal calcium absorption, 

modulating its resorption from bones and reabsorption in the renal tubules. The key mechanism of 

action is genomic: after binding to the nuclear receptor (VDR), the calcitriol complex regulates the 

expression of numerous genes (estimated at approximately 3,000) involved not only in mineral 

metabolism, but also in the processes of cell proliferation, differentiation and apoptosis. This action 

is carried out in an autocrine and paracrine manner in many tissues, including the skin, muscles and 

bones. Due to the widespread expression of VDR in the body, vitamin D has a pleiotropic effect, 

the spectrum of which is presented in Table 2. [1,2,5,6]. The metabolism of vitamin D into its active 

form is a multi-step process. Cholecalciferol (synthesised in the skin or supplied through diet) 

undergoes hydroxylation at position 25 in the liver, leading to the formation of 25-hydroxyvitamin 

D (calcidiol). This form, circulating mainly in complex with vitamin D-binding protein (DBP), is 

the main biomarker of the body's supply and a stable reserve pool. Final activation occurs primarily 

in the kidneys by hydroxylation at position 1α, catalysed by the enzyme 1α-hydroxylase 

(CYP27B1), resulting in the formation of biologically active calcitriol. It should be emphasised that 

CYP27B1 expression also occurs in many non-renal tissues (including immune system cells, 

vascular endothelium, muscles), where local calcitriol synthesis performs autocrine and paracrine 

functions unrelated to systemic calcium-phosphate homeostasis. An alternative pathway for 

calcidiol metabolism is hydroxylation at position 24, leading to the formation of a less active 

metabolite, 24,25-dihydroxyvitamin D, which is part of the catabolic and elimination pathway. 
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Table 1. Factors affecting vitamin D absorption [1,2,3,7] 

 

Category of the 

factor 

Specific factor Impact on 

vitamin D 

absorption 

Mechanism/ Comments 

Nutritional factors Type of fat in the 

meal 

  

 Long-chain fatty 

acids 

Inhibits  

 Oleic acid 

(monounsaturate

d) 

Improves Optimises the formation of 

chylomicrons and the secretion 

of vitamin D into the lymph. 

 Phytosterols (e.g. 

in fortified 

products) 

Inhibits They hinder incorporation into 

micelles and uptake by 

enterocytes. 

 Carrier 

supplements 

(PEG 1000 

tocopheryl 

succinate, 

cyclodextrins) 

Improves By forming micelles or guest-

host complexes, they increase 

bioavailability. 

 

Special patient 

groups / Clinical 

conditions 

 

 

Malabsorption 

conditions 

(Crohn's disease, 

post-bypass 

condition) 

 

Significan

tly 

reduced 

 

 

 

Up to 30% during remission. 

Recommendation: 

Supplementation with 25-

hydroxyvitamin D 

(calcifediol), which has higher 

bioavailability, is preferred. 
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 Obesity 

 

Inihibits Requires higher doses due to 

sequestration in adipose tissue 

and possibly reduced 

absorption. 

 Chronic Kidney 

Disease 

Inhibits Loss of vitamin D-binding 

protein in urine, reduced 

synthesis of 1,25 OH D3, 

restrictive diet 

Drug interactions  

 

 

 

Drugs that 

interfere with 

vitamin D 

metabolism 

(glucocorticoster

oids, 

anticonvulsants, 

antifungals, 

antiretrovirals) 

Inhibits  
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Table 2. Pleiotropic effects of vitamin D, including mechanisms [5,6,8] 

Role Clinical effect 

Mineral 

homeostasis and the 

skeletal system 

 

 

 

• Regulation of calcium and phosphate metabolism (stimulation of calcium 

absorption in the intestine and calcium reabsorption in the renal tubules, 

regulation of phosphorus absorption) 

• Prevention and treatment of rickets, osteomalacia, osteoporosis (stimulation 

of osteoblasts, maintenance of normal bone mineralisation) 

• Reduction of the risk of low-energy bone fractures 

• Reduction of bone pain and deformities 

• Prevention of aseptic bone necrosis 

Effects on muscles • Anabolic effect on skeletal muscles – treatment and prevention of myopathy 

• Reduction of the risk of falls, improvement of muscle strength and walking 

speed [8] 

Cardiovascular 

system 

• Reduced risk of hypertension (hypotensive effect – inhibition of the RAA 

system) 

• Reduced risk of ischaemic heart disease, left ventricular hypertrophy, systolic 

heart failure 

• Inverse correlation with calcification in the coronary arteries 

• Positive effect on intima-media thickness (IMT) of arteries in childhood 

(prevention of future diseases) 

Immune system • Reduction in the incidence of recurrent infections (strengthening of the 

antibacterial response [activation of the TLR2/CYP27B1/VDR pathway and 

production of the antibacterial protein LL37]); maintenance of the skin barrier 

as a natural barrier protecting against the penetration of pathogens – increased 

collagen synthesis [5] 

• Immunomodulatory effect in autoimmune diseases (effect on increasing the 

population of Treg lymphocytes [suppressive effect], direct inhibition of B 

lymphocyte proliferation and immunoglobulin production, promotion of Th2-

dependent response and IL-17 production by Th17 lymphocytes, inhibition of 

the Th-1-dependent pathway) 
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2. EPIDEMIOLOGY AND CONSEQUENCES OF VITAMIN D DEFICIENCY 

 

Vitamin D deficiency is a significant global public health problem, including in the Polish 

population. Epidemiological data indicate its high prevalence. In Poland, deficiency affects between 

57.9% and 83.2% of the general population, with the percentage reaching at least 73.5% in the 

winter months. [6,10,11]. On a European scale, it is estimated that this problem affects an average 

of 50–70% of the population. Observations in the paediatric population are particularly worrying. 

Autoimmune 

diseases 

• Risk reduction or symptom easing: multiple sclerosis (fewer flare-ups and 

less severe symptoms), type 1 diabetes, rheumatoid arthritis, systemic lupus 

erythematosus, Hashimoto's disease, autoimmune skin diseases 

Nervous system • Neuroprotective effect (delaying changes in the hippocampus, increasing 

glutathione levels – protection against oxidative stress) 

• Improvement of verbal functions in Parkinson's disease 

• Reduction of the risk of neurocognitive disorders (Alzheimer's disease, 

autism) 

• Deficiency is a risk factor for stroke, reduces the risk of blood-brain barrier 

damage and cerebral oedema [9] 

Metabolic processes • Positive effect on glucose metabolism (by stimulating insulin receptor 

expression and thus improving tissue sensitivity to insulin, affecting pancreatic 

beta cell function) 

• Positive effect on obesity and metabolic syndrome 

• Positive effect on lipid disorders 

Neoplasms • Protective effect – reducing the risk of malignant tumours developing in 

various areas of the body (inhibiting excessive proliferation, stimulating 

differentiation, protecting the genome from mutation culmination, promoting 

apoptosis, inhibiting neoangiogenesis) 

Pregnancy • Reducing the risk of perinatal complications 

Skin • Positive effect in atopic dermatitis (through its impact on the skin barrier and 

immune response) 

General • Possible impact on reducing overall mortality 
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Studies indicate that 40–45% of children visiting orthopaedic clinics may have vitamin D 

deficiency, and among patients eligible for surgical treatment, this percentage rises to as high as 

90%. [12]. The classification of vitamin D status based on serum 25-hydroxyvitamin D [25(OH)D] 

concentration is presented in Table 3. 

 

Table 3. Classification of vitamin D status based on serum 25(OH)D concentration. 

Condition 25(OH)D concentration 

Deficit (severe deficiency) 0–10 ng/ml (0–25 nmol/l) 

Deficiency >10–20 ng/ml (>25–50 nmol/l) 

Hypovitaminosis D (insufficiency) >20–30 ng/ml (>50–75 nmol/l) 

Recommended concentration (optimal) >30–80 ng/ml (75–200 nmol/l) 

Toxic concentration >100–150 ng/ml (>250 nmol/l) 

 

The consequences of vitamin D deficiency are systemic, resulting from its pleiotropic effects. The 

basic pathophysiological mechanism is associated with calcium-phosphate homeostasis disorder. 

Reduced intestinal calcium absorption leads to secondary hyperparathyroidism, increased bone 

resorption and skeletal demineralisation. Clinically, this manifests as osteomalacia in adults and 

rickets in children, osteoporosis, muscle weakness, increased risk of falls and low-energy fractures. 

Patients often report non-specific, atypical musculoskeletal pain. Beyond the skeletal system, 

vitamin D deficiency negatively affects the functioning of other organs and tissues. Its important 

role in modulating the immune response (innate and acquired) translates into increased susceptibility 

to infections. A link has also been observed with a higher risk of developing cardiovascular diseases, 

including hypertension. The anti-proliferative and pro-differentiating effects of vitamin D determine 

its oncoprotective potential; its deficiency correlates with an increased risk of certain cancers and 

may be associated with poorer tolerance of oncological treatment (radiotherapy and chemotherapy). 

This mechanism, partly related to the protection of DNA from oxidative damage, is also important for repair 

processes, which may result in impaired healing of wounds and ulcers. 

Scientific reports also indicate the potential impact of deficiency on an increased risk of neuropathy [13]. 
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3. VITAMIN D SUPPLEMENTATION AND DIETARY INTAKE 

As mentioned earlier, the concentration of 25-hydroxyvitamin D [25(OH)D] in the body depends 

more on skin synthesis than on dietary absorption. In temperate climates, where exposure to UVB 

radiation is limited, especially in the autumn and winter months, supplementation becomes a 

necessity. This is because meeting the daily requirement of 800 IU through diet alone is virtually 

impossible – it would require consuming about 40 eggs or two large portions of fatty fish per day 

[14]. The main dietary sources of vitamin D include fatty fish (salmon, mackerel, herring) and their 

products (e.g. cod liver oil), egg yolks, and, to a lesser extent, meat and liver. Despite the theoretical 

availability of these products, population studies – for example, those conducted in Slovenia – 

indicate a widespread insufficient intake of vitamin D among all social groups [15]. There are two 

main forms available in supplements: ergocalciferol (vitamin D₂) and cholecalciferol (vitamin D₃). 

Scientific evidence clearly indicates that D₃ is more effective in raising and maintaining serum 

25(OH)D concentrations. [16, 17]. Furthermore, D₂ supplementation may paradoxically lower 

endogenous 25(OH)D₃ levels, whereas D₃ leads to a stable increase in total 25(OH)D concentration 

[16]. For this reason, D₃ is the recommended form for people with deficiency, after injuries, surgical 

procedures and in other high-risk groups [16, 17, 18]. The effectiveness of supplementation is 

modulated by several key factors:  

- Body mass index (BMI)- overweight or obese individuals (BMI ≥25 kg/m²) have a reduced 

response to supplementation and often require higher doses [16].  

- Baseline 25(OH)D concentration: Lower baseline values (e.g. <30 nmol/L) are associated 

with a better response to supplementation [16].  

- Age and clinical condition: Older people, those with malabsorption disorders, and those 

who have suffered extensive burns or serious injuries have increased requirements, often 

requiring doses 2-3 times higher than the general preventive recommendations [19, 20].  

- Duration of supplementation: Longer periods of supplementation (more than 3 months) 

help maintain a stable target level of 25(OH)D [21]. 

Method of administration: Daily oral supplementation is considered more physiological and 

effective than bolus doses (e.g. monthly or quarterly) [16, 22]. The primary biomarker used to assess 

the body's vitamin D status is the concentration of 25-hydroxyvitamin D [25(OH)D] in serum [19, 

23]. However, it should be remembered that in acute conditions, such as extensive burns or injuries, 

the determination of total 25(OH)D may give a false result due to a rapid decrease in the 

concentration of binding protein (DBP). In such situations, measurement of the free (bioavailable) 

fraction of vitamin D is considered [6, 18]. Detailed recommendations for doses and therapeutic 

goals for different patient groups are summarised in Table 4. 
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Table 4. Recommendations for vitamin D supplementation 

 

Group / Goal Dose /  

dosage schedule 

Target 

concentration of 

25(OH)D 

Comments / 

References 

GENERAL 

PREVENTION 

   

Newborns and 

infants 

400–600 IU daily >20 ng/mL (>50 

nmol/L) 

Standard 

supplementation 

[19, 24] 

Children and young 

people (1–18 years 

old) 

600–1000 IU daily >20 ng/mL (>50 

nmol/L) 

Depending on body 

weight and dietary 

intake [19, 25] 

Adults (19–65 

years old) 

800–2000 IU daily 20–30 ng/mL (50–

75 nmol/L) 

During the autumn 

and winter months 

or when there is 

insufficient 

exposure to 

sunlight [19, 24, 

25] 

Senior citizens 

(>65 years old) 

800–2000 IU daily >30 ng/mL (>75 

nmol/L) 

Due to reduced skin 

synthesis [19, 24, 

25] 

TREATMENT 

OF DEFICIENCY 
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Adults (daily 

schedule) 

6,000 IU daily for 

8 weeks, then 

1,500–2,000 IU 

daily 

>30 ng/mL (>75 

nmol/L) 

According to the 

guidelines of the 

Endocrine Society 

[19] 

Adults (weekly 

regimen) 

50,000 IU/week 

for 8 weeks, 

followed by a 

maintenance dose 

>30 ng/mL (>75 

nmol/L) 

Alternative regimen 

[19] 

 

GROUPS- 

SPECIAL RISK 

   

Patients after 

burns/trauma 

Individually, often 

higher doses (e.g. 

100 IU/kg/day in 

children, up to 

6000 IU/day in 

adults) 

>30 ng/mL (>75 

nmol/L) 

Necessary 

monitoring of 

25(OH)D 

concentration [18, 

20, 26] 

Perioperative 

period 

E.g. 300,000 IU 

once 2 weeks 

before surgery (in 

case of deficiency) 

>30 ng/mL (>75 

nmol/L) 

Reduces the risk of 

wound infection 

[26] 

 

Athletes 1,500–4,000 

IU/day; therapeutic 

doses in cases of 

deficiency 

40–50 ng/mL 

(100–125 nmol/L) 

For optimal muscle 

function and 

regeneration [27, 

28] 

Chronic wounds e.g 

bedsores, diabetic 

foot syndrome 

E.g. 50,000 IU 

every 2 weeks as 

adjunctive therapy 

>30 ng/mL (>75 

nmol/L) 
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4. VITAMIN D EFFECTS ON WOUND HEALING 

 

4.1 The mechanism of action of vitamin D in the healing process of soft tissue injuries 

The biologically active form of vitamin D, 1,25-dihydroxycholecalciferol (calcitriol), has a 

multidirectional effect on the tissue repair process by binding to a high-affinity nuclear receptor 

(VDR – vitamin D receptor). The VDR receptor is expressed by most cells involved in the healing 

cascade, including keratinocytes, fibroblasts, macrophages, endothelial cells and nervous system 

cells [14,23,29,30]. After binding to its ligand, the VDR complex dimerises with the retinoid X 

receptor (RXR) and binds to vitamin D response elements (VDRE) in the promoter regions of target 

genes, thereby regulating the transcription of hundreds of genes involved in key regenerative 

processes [14,23]. The main mechanism of action is based on immunomodulation and inflammation 

control. Vitamin D strengthens the innate immune response by inducing the expression of peptides 

with antimicrobial properties, such as cathelicidin (LL-37) and defensins. These peptides are the 

first line of defence, directly neutralising pathogens within the wound, which prevents early 

infections [7,19,26,29,31]. At the same time, by modulating the phenotype of macrophages, vitamin 

D promotes the transition from the pro-inflammatory M1 phenotype to the anti-inflammatory and 

reparative M2 phenotype, accelerating the resolution of inflammation [32,33]. A key element of its 

anti-inflammatory action is the inhibition of the nuclear factor kappa B (NF-κB) signalling pathway, 

which leads to a reduction in the production and secretion of major pro-inflammatory cytokines, 

including tumour necrosis factor alpha (TNF-α), interleukin 6 (IL-6) and interleukin 1 beta (IL-1β) 

[32,34,36]. In the proliferative phase, vitamin D stimulates re-epithelialisation by directly 

stimulating the proliferation and migration of keratinocytes at the wound edges [29,35]. This 

mechanism is associated with the regulation of intercellular junction integrity (e.g. through 

modulation of E-cadherin expression) and activation of the β-catenin signalling pathway, which is 

essential for cell adhesion and movement [35]. In addition, vitamin D is fundamental for granulation 

tissue formation. Activation of VDR on skin fibroblasts stimulates their proliferation and the 

biosynthesis of type I collagen, the main structural protein of the extracellular matrix of newly 

forming tissue [29,30,36]. It ensures the balance between matrix synthesis and degradation by 

modulating the expression of matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs), 

thus preventing the formation of abnormal, excessively granulating or poorly resistant scars [29,33]. 

Another key aspect is the stimulation of angiogenesis. Vitamin D promotes the formation of a new 

vascular network in granulation tissue, which is essential for the metabolic supply of regenerating 

tissue. This mechanism involves the stabilisation of hypoxia-inducible factor 1-alpha (HIF-1α) and 

the activation of the vascular endothelial growth factor (VEGF) signalling pathway and its receptor 

VEGFR2 [32,33]. In addition, vitamin D has a cytoprotective effect. By activating the Nrf2 (nuclear 
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factor erythroid 2–related factor 2) pathway, it strengthens intracellular antioxidant defence 

mechanisms, reducing the level of reactive oxygen species (ROS) and lipid peroxidation products, 

thus protecting repair cells from oxidative stress [7,32,37]. In models of tissue damage (e.g. 

radiation, ischaemic), it has been shown that vitamin D, acting through VDR, inhibits apoptosis 

pathways (e.g. by inhibiting caspases), increasing the survival of critical stem and progenitor cell 

populations [38,33,39]. Vitamin D also plays a role in the prevention of pathological healing. It 

inhibits the epithelial-mesenchymal transition (EMT) process, in which epithelial cells lose their 

phenotypic identity and transform into myofibroblasts that produce excessive amounts of collagen, 

which is the basis for fibrosis and the formation of hypertrophic scars and keloids [38]. Clinical 

observations confirm that low serum concentrations of 25-hydroxyvitamin D [25(OH)D] correlate 

with more severe and abnormal scarring [18]. 

4.2 The effects of vitamin D3 supplementation on skin injuries 

Clinical studies clearly confirm that cholecalciferol (vitamin D3) supplementation in patients with 

vitamin D deficiency significantly accelerates the healing of skin wounds, especially chronic ones 

[29,33]. In a randomised study, patients with chronic wounds and vitamin D deficiency (25(OH)D 

<30 ng/mL) received 6000 IU/day of cholecalciferol. After 5 weeks, the supplemented group 

achieved a mean 25(OH)D level of 36.75 ng/mL, and wound healing time was reduced to 15.6 days. 

In the control group (standard care only), the 25(OH)D level was 29.6 ng/mL, and healing took an 

average of 26.2 days. In addition, complete wound reduction occurred in the third week in the 

intervention group and only in the fifth week in the control group [33]. Similar results were obtained 

in studies on diabetic foot ulcers. High doses of vitamin D3 (6,800 IU/day) led to the healing of 70% 

of wounds, while at a low dose (800 IU/day) – only 35% of wounds [36]. Another study showed 

that supplementation with 4000 IU/day for 12 weeks resulted in a greater reduction in ulcer depth 

and area compared to placebo [36]. The beneficial effect of supplementation is also observed in 

cases of oral mucosal ulcers, where the combination of topical treatment with vitamin D 

supplementation led to healing within 3 weeks [3]. 

4.3 The effects of vitamin D3 supplementation in injuries involving processes that disrupt 

physiological healing processes 

Vitamin D, and in particular its cholecalciferol (D3) form, plays a key role in modulating tissue 

repair processes. Its deficiency is common in pathological conditions such as diabetes, extensive 

burns or cancer, which in themselves significantly impair physiological healing. In these populations, 

vitamin D3 supplementation shows therapeutic potential by alleviating the negative consequences 

of injuries.  
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In the context of diabetes, characterised by chronic inflammation and impaired angiogenesis, 

vitamin D deficiency correlates with poorer healing of diabetic foot ulcers (DFUs) and a higher risk 

of amputation [32]. Preclinical studies in a mouse model have shown that vitamin D 

supplementation significantly accelerates the closure of diabetic wounds by improving re-

epithelialisation, collagen deposition and angiogenesis. The key mechanism of action is the 

inhibition of the pro-inflammatory NF-κB pathway, which leads to a reduction in cytokine 

expression (TNF-α, IL-6, IL-1β) and accelerated resolution of inflammation, regardless of the effect 

on glycaemic control [34]. In clinical trials involving patients with diabetic foot ulcers, high-dose 

vitamin D3 supplementation (e.g., 50,000 IU every 2 weeks) significantly improved ulcer 

dimensions and inflammatory parameters [13]. Furthermore, vitamin D deficiency exacerbates 

diabetic peripheral neuropathy and impairs nerve regeneration, which further delays healing [32, 

15].  

In patients with severe burns, vitamin D deficiency is almost universal and multifactorial in nature, 

resulting from both acute phase reactions (fluid displacement, decrease in carrier proteins) and 

permanent impairment of its synthesis in the skin in scarred tissue [18,20,36]. Low 25(OH)D levels 

at admission are a strong predictor of poorer treatment outcomes, correlating with longer hospital 

and ICU stays, higher infection rates and more severe scarring [18,30,36]. Randomised clinical trials 

indicate that supplementation during the acute phase is effective in normalising 25(OH)D levels, 

and vitamin D3 appears to be more effective than D2 in maintaining long-term stores [18]. 

Correction of deficiency is associated with beneficial trends such as reduced insulin requirements, 

shorter duration of sepsis, and less severe hypertrophic scarring [18]. However, standard doses (e.g., 

400-600 IU/day) are often insufficient, and persistent post-traumatic osteopenia suggests the need 

for more aggressive, personalised supplementation protocols [18, 49, 51].  

In cancer and during its treatment (e.g. radiotherapy), vitamin D deficiency is common and is 

associated with complications [13, 8]. The action of vitamin D is particularly important here in the 

context of protecting and repairing healthy tissues subjected to planned damage. Preclinical 

evidence indicates that the active form of vitamin D (1,25(OH)₂D₃) and its analogues (e.g. 

paricalcitol) have a protective effect on tissue barriers, such as the endothelium or intestinal 

epithelium, by strengthening intercellular connections (e.g. VE-cadherins) and inhibiting apoptosis 

of stem/progenitor cells [39,40] . In a clinical study of patients undergoing pelvic radiotherapy, 

vitamin D deficiency was an independent risk factor for more severe radiation proctitis [13]. These 

mechanisms include not only anti-inflammatory and antioxidant effects, but also direct stimulation 

of epithelial cell proliferation and migration, accelerating tissue continuity restoration [38,40]. 
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4.4 How does vitamin D affect the healing of injuries in the central nervous system? - 

mechanism and effects of supplementation  

Vitamin D exhibits clear neuroprotective and pro-regenerative potential in the context of central 

nervous system (CNS) damage, acting through multidirectional mechanisms that include 

modulation of neuroinflammation, protection against oxidative stress, support for blood-brain 

barrier integrity, and promotion of repair processes such as remyelination. The primary mechanism 

of action is the activation of the vitamin D receptor (VDR), which is present in neurons, glial cells, 

and the endothelium of cerebral vessels [14, 40]. VDR activation leads to the regulation of gene 

transcription involved in the response to damage. A key pathway is the inhibition of the pro-

inflammatory TLR4/MyD88/NF-κB cascade, which is overactivated after injury and exacerbates 

secondary damage to nerve tissue. Vitamin D effectively suppresses this pathway, reducing the 

production of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6) while promoting the transition of 

microglia from the destructive M1 phenotype to the reparative M2 phenotype [37]. In addition, 

vitamin D strengthens antioxidant defence by increasing the activity of enzymes such as superoxide 

dismutase (SOD) and reducing lipid peroxidation (MDA) [37]. Vitamin D also plays a key role in 

protecting the integrity of the blood-brain barrier (BBB), the damage of which is central to the 

pathophysiology of many CNS injuries. In vitro studies on brain endothelial cells have shown that 

the active form 1,25(OH)₂D₃, acting through VDR, prevents increased BBB permeability induced 

by ischaemia/reoxygenation. This mechanism involves inhibition of reactive oxygen species (ROS) 

production, suppression of NF-κB activation, reduction of MMP-9 metalloproteinase expression, 

and protection of tight junction proteins (ZO-1, claudin-5, occludin) [9]. In the context of structural 

regeneration, vitamin D supports key repair processes. In a model of traumatic spinal cord injury 

(TSCI), cholecalciferol supplementation promoted remyelination by suppressing the c-Myc 

oncogene in oligodendrocyte precursor cells (OPCs). Inhibition of c-Myc shifts the cellular balance 

from proliferation to differentiation of OPCs into mature, myelinating oligodendrocytes, resulting 

in improved myelin sheath integrity and better recovery of motor function [41]. Furthermore, 

vitamin D, via VDR, protects stem and progenitor cells from damage-induced apoptosis (e.g., 

radiation damage), which is fundamental to tissue regenerative capacity [42]. The clinical effects of 

supplementation confirm these mechanisms. In traumatic brain injury (TBI), a single high dose of 

vitamin D (120,000 IU) administered in the acute phase significantly improved the level of 

consciousness (GCS scale), reduced the duration of mechanical ventilation and ICU stay, which 

correlated with a reduction in the level of pro-inflammatory TNF-α [43]. In another study, 

supplementation in patients with moderate TBI and deficiency improved long-term functional 

(GOS-E) and cognitive (MMSE) outcomes, accelerating the rate of recovery [44]. In acquired severe 

brain injury (sABI), low 25(OH)D levels strongly correlated with greater functional impairment, 
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suggesting its role as a prognostic factor or therapeutic target [45]. In stroke, supplementation in 

older women not only reduced the risk of falls and fractures through increases in muscle strength 

and type II fibre diameter, but also, as mechanisms suggest, may have supported the repair of 

damaged nerve tissue [46]. 

4.5 The effect of vitamin D on the healing of injuries in musculoskeletal structures. 

Vitamin D is a key regulator of musculoskeletal homeostasis, and its deficiency is a significant 

independent risk factor for both the occurrence of injuries and abnormal repair processes. The action 

of vitamin D is mediated by the VDR receptor present in osteoblasts, chondrocytes and muscle cells, 

and indirectly by its effect on calcium and phosphate metabolism. Deficiency leads to a cascade of 

pathophysiological changes that significantly increase susceptibility to injury. First and foremost, it 

causes atrophy of type II muscle fibres, which are responsible for explosive strength and postural 

stability, resulting in weakened muscle strength, impaired balance and prolonged neuromuscular 

reaction time, ultimately increasing the risk of falls. Meta-analyses confirm that supplementation at 

doses of 700–1000 IU/day or achieving a 25(OH)D concentration above 24 ng/mL reduces the risk 

of falls by 19–23% [19, 27]. 

At the same time, deficiency in athletes correlates with a higher rate of muscle injuries, especially 

in the lower limbs and the sciatic-shin area [47]. Furthermore, deficiency impairs the absorption of 

calcium and phosphate, inducing secondary hyperparathyroidism, which leads to increased bone 

resorption and defective mineralisation (osteomalacia or rickets). As a result, the bone becomes 

more fragile and susceptible to both stress and low-energy fractures, which is particularly dangerous 

in the geriatric population, where fractures are often the result of the synergy of osteoporosis and 

falls [14,25,48]. Importantly, the injury or surgery itself activates locally vitamin D-dependent 

pathways in the muscle, and its deficiency impairs protein biosynthesis and muscle mass 

regeneration, hindering recovery after injury [28]. Correcting vitamin D deficiency has a significant 

positive effect on the healing process after musculoskeletal injuries. In the context of fracture 

healing and surgical outcomes, patients with deficiency who are eligible for orthopaedic surgery are 

at high risk of complications, including delayed consolidation, surgical site infection (SSI) and 

prosthetic joint infection (PJI) [12,23,26,50]. Preoperative supplementation with high doses of 

vitamin D3 (e.g. 300,000 IU) in patients with deficiency effectively reduces the risk of superficial 

wound healing problems and postoperative infections [26]. In the case of existing fractures, such as 

those of the femoral neck, supplementation with D3 is more effective than D2 in restoring normal 

25(OH)D levels [17]. In terms of soft tissue regeneration, vitamin D3 supplementation (as opposed 

to D2) in physically active individuals improves muscle strength, accelerates post-workout recovery 

by lowering muscle damage markers (ALT, AST) and reduces susceptibility to further injuries 

[27,47]. Evidence indicates that in patients after anterior cruciate ligament (ACL) reconstruction, 



19 

 

normal 25(OH)D levels above 30 ng/mL correlate with less quadriceps muscle loss in the 

postoperative period [28]. Additionally, in the context of joint cartilage protection, supplementation 

has a protective effect in models of osteoarthritis, inhibiting the expression of matrix-degrading 

metalloproteinases (MMP-3, MMP-13), reducing oxidative stress and modulating inflammation, 

which may translate into a slowdown in the progression of damage and a reduction in pain [42]. 

 

5. DISCUSSION 

 

The comprehensive analysis of the literature on vitamin D reveals a complex and at times 

contradictory picture of its role in injury pathophysiology. While a robust mechanistic foundation 

underscores its pleiotropic importance, translating this knowledge into consistent clinical benefits 

through supplementation presents significant challenges [14,19,23]. A fundamental point of 

agreement across the literature is the biological plausibility of vitamin D's involvement in injury 

prevention and healing. The widespread expression of the Vitamin D Receptor (VDR) and the local 

tissue capacity for activating 25(OH)D underpin its systemic effect [7]. Key mechanisms pertinent 

to injury pathology are consistently highlighted: immunomodulation via induction of antimicrobial 

peptides like cathelicidin [26,30,32]; suppression of the NF-κB pathway to resolve inflammation 

[33,34,37],; and direct promotion of cellular differentiation, migration, and anti-apoptosis in 

keratinocytes, fibroblasts, and neural progenitor cells [35,38,40,41]. Consequently, vitamin D 

deficiency is uniformly identified as a significant risk factor, correlating with increased fracture risk 

[12,25,48], muscle atrophy [27,28,47], higher fall rates [8,50], delayed wound closure [31,51], and 

greater susceptibility to infections [49,52,53,54]. Despite this strong mechanistic rationale, the 

results of interventional studies are heterogeneous, leading to several key contradictions. The most 

direct conflict exists in the area of fracture and fall prevention. While many studies support that 

supplementation reduces these risks in deficient elderly populations [19,25,46], pivotal RCTs, such 

as that by Trivedi et al. (2003), found no benefit in cohorts with high baseline 25(OH)D levels. This 

underscores the critical principle that benefits are contingent upon correcting a deficiency, 

supporting a "U-shaped curve" relationship [22,55]. Secondly, the efficacy of vitamin D₂ versus D₃ 

remains contested. Pharmacokinetically, cholecalciferol (D₃) is superior in raising and sustaining 

serum 25(OH)D, a finding supported by studies in hip fracture patients [17]. However, other trials, 

such as one in post-stroke women, found ergocalciferol (D₂) effective for specific clinical endpoints, 

suggesting the clinical significance of the pharmacokinetic difference may be context-dependent 

[18,46]. Thirdly, the impact on infection risk reveals an important nuance. Observational studies 

robustly associate pre-operative deficiency with increased surgical site infection (SSI) risk [49,52]. 

However, an RCT in spine surgery found no association, a result likely explained by the routine use 
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of potent intra-wound antibiotic prophylaxis which may have obscured vitamin D's modulatory role 

[56]. This highlights that vitamin D's effect is modulatory rather than absolute. Fourthly, dosing 

regimen is a critical factor. Daily or weekly supplementation appears effective and safe [33,57], 

whereas large, intermittent annual bolus doses have been paradoxically associated with increased 

risk of falls and fractures in some trials [22,55], indicating that physiological supplementation is 

preferable to pharmacologic bolus dosing. Finally, outcomes in critical illness and major trauma are 

inconsistent, moderated by the severity of the initial insult, timing of supplementation, and the 

immense catabolic burden, which may modulate the observable benefit of a single nutritional 

intervention [18,43,44,53]. These apparent contradictions can be largely reconciled by considering 

several overriding principles. The pre-supplementation level of 25(OH)D is the primary determinant 

of clinical response, with benefits most pronounced in individuals with overt deficiency [22,24]. 

Furthermore, the optimal 25(OH)D level for non-skeletal functions like immune modulation and 

muscle repair may be higher than the threshold for skeletal health alone [7,27]. Individual patient 

factors, notably Body Mass Index (BMI), which blunts the serum response to supplementation, 

along with age, genetics, and co-morbidities, further modulate efficacy. Lastly, heterogeneity in 

study design—encompassing population, vitamin D form, dosing regimen, and endpoint 

definitions—fundamentally shapes the reported outcomes [16].  

 

Conclusions 

Vitamin D plays a key role in wound healing thanks to its pleiotropic effects. Its active form, 

calcitriol, acts through the VDR receptor to modulate the immune response, reduce inflammation, 

stimulate keratinocyte proliferation and collagen synthesis, and promote angiogenesis and 

protection against oxidative stress. Vitamin D deficiency, which is common in the population, is 

associated with delayed healing, especially in chronic wounds, diabetic ulcers, burns and surgical 

injuries. Vitamin D3 supplementation, which is more effective than D2, accelerates wound closure, 

reduces the risk of infection and improves treatment outcomes, especially in deficient patients. In 

the context of CNS and musculoskeletal injuries, vitamin D has a neuroprotective effect, supports 

remyelination, reduces the risk of falls and improves tissue regeneration and fracture consolidation. 

Therefore, maintaining adequate levels of 25(OH)D and targeted supplementation in individuals 

with deficiency are important elements in supporting the healing process and overall regeneration 

of the body. 
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