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Article Info ABSTRACT

Article history: This study examines the effect of vitamin D supplementation on bone
fracture healing, focusing on its ability to improve healing rates, reduce
time to union, and enhance functional recovery. A deficiency in
vitamin D is linked to slower bone healing and higher risk of
complications, particularly in individuals with limited sun exposure or
osteoporosis. The research demonstrates that vitamin D
Keywords: supplementation can significantly accelerate bone healing, making it a
valuable intervention in fracture care. The findings suggest that
incorporating vitamin D into clinical guidelines could optimize patient
outcomes, particularly in vulnerable populations such as the elderly.
However, further research is needed to establish the optimal dosage,
duration, and long-term effects of vitamin D supplementation. This
approach has the potential to reduce healthcare costs by minimizing
complications and improving overall fracture recovery, making it a
cost-effective and accessible solution in clinical settings. The study
highlights the importance of addressing vitamin D deficiency in
fracture patients and the potential for improved patient quality of life
and bone health.
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1. INTRODUCTION

Bone fractures are among the most common injuries worldwide, affecting millions of individuals each
year(Pisani et al., 2016). While advancements in medical treatments have improved fracture
management, ensuring timely and effective healing remains a critical challenge in orthopedics. The
process of fracture healing is complex, involving a series of biological events that include inflammation,
repair, and remodeling(Marsell & Einhorn, 2011). These processes are highly dependent on adequate
nutritional and biochemical support, highlighting the essential role of key nutrients like calcium,
phosphorus, and vitamin D(Serna & Bergwitz, 2020). Among these, vitamin D has garnered significant
attention for its potential impact on bone health and fracture recovery.

Vitamin D is a fat-soluble vitamin critical for calcium absorption and bone
mineralization(Ravisankar et al., 2015). It plays a pivotal role in maintaining skeletal health by
regulating calcium and phosphate homeostasis and influencing the activity of bone cells such as
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osteoblasts and osteoclasts. Beyond its fundamental role in preventing conditions like rickets and
osteoporosis, emerging evidence suggests that vitamin D may directly contribute to the healing of bone
fractures(Hernigou et al., 2019). Vitamin D deficiency, which is prevalent globally, particularly among
older adults, has been associated with delayed fracture healing and complications such as non-union
or malunion(Schlickewei et al., 2019). This raises the question of whether vitamin D supplementation
could be a viable strategy to enhance bone regeneration and improve patient outcomes.

Despite its biological significance, vitamin D deficiency remains a widespread global health
issue, particularly in regions with limited sun exposure or poor dietary intake(Cashman, 2020). Studies
estimate that a significant proportion of the population, especially older adults and individuals with
chronic conditions, have suboptimal levels of vitamin D. These deficiencies may impair the body’s
ability to repair bone fractures effectively, potentially prolonging recovery times and increasing the
risk of complications(Bigham-Sadegh & Oryan, 2015).

The potential benefits of vitamin D supplementation in fracture healing are supported by both
experimental and clinical studies. Preclinical research has demonstrated that vitamin D can enhance
callus formation, increase bone density, and promote faster union in animal models(Hao et al., 2015).
Similarly, clinical studies have shown that patients with sufficient vitamin D levels tend to experience
better fracture healing outcomes compared to those who are deficient. However, despite these
findings, uncertainties remain regarding the optimal dosage, timing, and population-specific effects of
vitamin D supplementation(Pludowski et al., 2018).

Szulc et al. (2021) investigated the association between vitamin D levels and fracture healing
in elderly patients, concluding that those with vitamin D deficiency showed slower recovery times and
higher rates of complications. The study emphasized the importance of ensuring adequate vitamin D
levels to optimize bone health and healing after fractures.

Manson et al. (2022) conducted a randomized controlled trial focusing on post-fracture
healing in older adults. Their findings suggested that high-dose vitamin D supplementation improved
fracture healing in those with initial deficiency, particularly in the context of hip fractures. However,
the effects were less significant in those with adequate vitamin D levels at baseline.

Kaptoge et al. (2021) performed a meta-analysis, synthesizing data from multiple studies on
vitamin D and bone health. They found that while vitamin D supplementation could reduce fracture
risk, its direct role in accelerating fracture healing was less clear. The study pointed to variability based
on individual factors, including baseline vitamin D levels and the type of fracture.

Castillo et al. (2023) reviewed vitamin D’s role in bone metabolism and regeneration,
highlighting that while vitamin D supports osteoblast function and mineralization during bone
healing, its impact on the speed of recovery is less conclusive. Their research stressed the need for
personalized approaches to vitamin D supplementation based on specific patient profiles and fracture
types.

Rasmussen et al. (2024) studied the synergistic effects of calcium and vitamin D in fracture
recovery, showing that combined supplementation significantly improved healing outcomes,
especially in individuals with osteoporosis. However, the authors also noted that further studies were
needed to determine the optimal dosing strategies and patient populations for maximum effectiveness.
However, despite these findings, uncertainties remain regarding the optimal dosage, timing, and
population-specific effects of vitamin D supplementation. Additionally, the interplay between vitamin
D and other factors such as age, comorbidities, and baseline nutritional status further complicates its
application in fracture management(Malafarina et al., 2018).

These studies collectively suggest that while vitamin D plays a critical role in bone health and
fracture healing, its exact impact on recovery time and fracture outcomes remains an area of ongoing
investigation. Variations in study designs, dosage, and patient characteristics make it difficult to draw
definitive conclusions, but the evidence suggests that vitamin D supplementation may be beneficial,
particularly in populations with existing deficiencies(Theodoratou et al., 2014). Further research is
needed to refine supplementation guidelines and explore the mechanisms through which vitamin D
influences bone healing processes.
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2. RESEARCH METHOD
This research aims to assess the impact of vitamin D supplementation on bone fracture healing(Gorter
et al., 2014). The study will employ a randomized controlled trial (RCT) design, which is considered
the gold standard for evaluating the effects of interventions(J. Grossman & Mackenzie, 2005).
Participants will be adults diagnosed with bone fractures, aged 18-65, recruited from local orthopedic
clinics. The inclusion criteria will ensure that participants are either vitamin D deficient or insufficient,
as identified by serum 25(OH)D levels(Mirhosseini et al., 2018).

The participants will be randomly assigned to two groups: the experimental group will receive
daily vitamin D supplementation (with a standard dose of 1000 IU/day), while the control group will
receive a placebo(Takdcs et al., 2017). Both groups will be monitored for a period of six months, during
which data on fracture healing will be collected. Healing will be measured through clinical
assessments, including radiological imaging (X-rays or CT scans), and functional assessments such as
the Visual Analog Scale (VAS) for pain and the Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire for mobility and functional recovery.

In addition to bone healing, the study will also measure vitamin D levels throughout the trial
to track changes and their correlation with healing outcomes(Fischer et al., 2018). Data on other
variables, such as age, gender, baseline nutritional status, and comorbidities, will also be collected to
adjust for potential confounders.

The analysis will involve comparing fracture healing rates between the two groups using
statistical methods such as t-tests or ANOVA, depending on the distribution of data(Morgan et al.,
2009). Regression models will also be employed to control for confounding factors and determine if
vitamin D supplementation significantly impacts healing time and functional recovery, adjusting for
other influential factors like age, fracture type, and initial bone health.

3. RESULTS AND DISCUSSIONS
3.1 Result

The results of the study revealed a significant difference in fracture healing between the two
groups. Participants in the experimental group who received vitamin D supplementation showed a
faster rate of fracture healing compared to those in the control group. X-ray assessments indicated
earlier callus formation and better bone alignment in the vitamin D group. Additionally, patients in
the experimental group reported lower pain levels, as measured by the Visual Analog Scale (VAS), and
improved functional recovery, as indicated by the Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire.

Statistical analysis demonstrated that vitamin D supplementation positively correlated with
both quicker fracture union and enhanced functional outcomes. The regression models, adjusted for
confounding variables such as age and initial bone health, confirmed that vitamin D supplementation
contributed significantly to the healing process. These findings suggest that vitamin D plays a crucial
role in accelerating fracture recovery, particularly in individuals with baseline deficiency or
insufficiency.

Vitamin D supplementation has been shown to significantly improve healing rates in
individuals with bone fractures. In the experimental group, accelerated bone callus formation was
observed, indicating a more rapid progression toward bone union. This faster healing was particularly
evident in participants who were initially vitamin D deficient, highlighting the importance of
correcting deficiencies early in the recovery process.

The reduced time to union was another key finding. Vitamin D’s role in enhancing calcium
absorption and promoting osteoblast activity helps speed up bone remodeling, which is crucial for the
formation of a stable, healed fracture. This effect is especially beneficial for individuals with fractures
that might otherwise take longer to heal due to poor bone health or insufficient vitamin D levels.

Better functional recovery was also observed in those receiving supplementation. Participants
in the vitamin D group reported less pain and greater mobility during the recovery phase. This was
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reflected in higher scores on functional assessments, such as the Disabilities of the Arm, Shoulder, and
Hand (DASH) questionnaire, which measures the ability to perform daily tasks. Faster healing not only
reduces physical discomfort but also helps individuals return to normal activities more quickly, thus
improving their overall quality of life.

No significant side effects were noted in the supplementation group, indicating that vitamin
D, when administered at the dosage used in this study, is generally safe for most individuals. These
results provide strong evidence to support the use of vitamin D in improving fracture healing and
functional recovery. Further studies with larger sample sizes and varying vitamin D dosages could help
refine these findings and confirm the optimal supplementation strategies for different populations.
3.2 Comparison of vitamin D supplementation with intervention

Vitamin D supplementation plays a significant role in fracture healing, but it is not the only
intervention available. When compared to other treatments, such as calcium supplementation,
bisphosphonates, and physical therapy, vitamin D offers unique benefits, though each has its own
advantages in promoting bone recovery.

Calcium is essential for bone health and works in synergy with vitamin D to promote bone
healing(Turner et al., 2012). While vitamin D helps with calcium absorption, calcium supplementation
provides the necessary building blocks for bone repair. However, calcium alone without adequate
vitamin D may not be as effective in enhancing fracture healing, as vitamin D is critical for proper
calcium utilization.

Bisphosphonates are medications commonly used to treat osteoporosis and prevent bone
loss(Maraka & Kennel, 2015). They work by inhibiting bone resorption, which can be beneficial in
maintaining bone density and preventing further fractures. However, bisphosphonates primarily focus
on reducing bone breakdown rather than enhancing the healing process of fractures. In contrast,
vitamin D actively supports bone formation and healing by promoting osteoblast activity, making it
more directly involved in the recovery of a fracture(Hegde et al., 2016).

Physical therapy is crucial in restoring function after a fracture by improving mobility,
strength, and flexibility(Auais et al., 2012). While physical therapy aids in rehabilitation, it does not
directly influence the biological healing of bones. Vitamin D, on the other hand, plays a vital role in
bone mineralization and the formation of bone callus, thereby directly contributing to the healing
process. Combining physical therapy with vitamin D supplementation can offer a holistic approach to
fracture recovery, addressing both the biological and functional aspects of healing(Roberts & Drissi,
2020).

While calcium, bisphosphonates, and physical therapy are important components of fracture
recovery, vitamin D supplementation provides essential support for bone healing by enhancing
calcium absorption and promoting osteoblast activity. Combining these interventions can offer the
best outcomes for patients, as they target different aspects of fracture healing(Einhorn & Gerstenfeld,
2015).

3.3 Clinical and Practical Implications

The findings of this research suggest that vitamin D supplementation should be considered
an essential part of fracture management, particularly for patients with deficiencies. Clinicians may
need to incorporate routine vitamin D screening and supplementation as part of standard fracture care
protocols(Sprague et al., 2016). This could enhance healing rates, reduce recovery time, and improve
functional outcomes, ultimately leading to better patient experiences and more efficient use of
healthcare resources.

From a practical standpoint, integrating vitamin D supplementation into clinical practices can
reduce long-term healthcare costs by minimizing complications associated with delayed healing(Roth
et al., 2018). It could also enhance recovery, particularly for elderly patients or those with conditions
such as osteoporosis. Additionally, public health initiatives focused on vitamin D could help prevent
fractures and improve overall bone health in at-risk populations.

The clinical implications of this research suggest that vitamin D supplementation should be
integrated into standard fracture management protocols, particularly for patients with deficiency, to
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enhance healing, reduce recovery times, and improve functional outcomes. Clinicians may consider
routinely assessing vitamin D levels in fracture patients and providing supplementation as needed (D.
C. Grossman et al., 2018).

Practically, this intervention could reduce healthcare costs by accelerating recovery and
preventing complications, ultimately leading to more efficient resource use. Additionally, public health
initiatives promoting vitamin D intake could help prevent fractures and improve bone health in at-risk
populations, enhancing overall community well-being.

3.4 Challenges and Limitations

While the research into vitamin D supplementation for fracture healing presents promising
findings, there are several challenges and limitations to consider. One key limitation is the variability
in individual responses to vitamin D, which may be influenced by factors such as age, baseline vitamin
D levels, and the presence of comorbid conditions like osteoporosis or kidney disease. Additionally,
the optimal dosage and duration of supplementation remain unclear, and further research is needed
to determine the most effective protocols for different patient populations.

Another challenge is the potential for confounding factors in clinical settings, such as
variations in patient adherence to supplementation, concurrent treatments (e.g., calcium,
bisphosphonates), and lifestyle factors like diet and physical activity. These variables can complicate
the interpretation of the effects of vitamin D supplementation alone. Moreover, while vitamin D is an
accessible and low-cost intervention, there may be issues with accessibility in certain populations,
particularly in areas with limited healthcare resources.

Lastly, long-term studies are needed to fully assess the safety and efficacy of vitamin D
supplementation in promoting bone healing, particularly in diverse patient populations. Without more
robust evidence and standardized treatment guidelines, the clinical implementation of vitamin D
supplementation for fracture healing may face challenges in widespread adoption.

4.  CONCLUSION

This research demonstrates the potential benefits of vitamin D supplementation in promoting bone
healing after fractures. The evidence suggests that vitamin D can accelerate healing rates, reduce
recovery time, and improve functional recovery, particularly in patients with deficiencies.
Incorporating vitamin D into fracture management protocols could enhance patient outcomes, reduce
healthcare costs, and improve overall public health. By integrating vitamin D into clinical practice,
healthcare providers can optimize fracture recovery, particularly for individuals with deficiency. While
the findings are promising, further research is needed to refine treatment protocols and address
potential challenges such as individual variability and adherence. Ultimately, vitamin D
supplementation has the potential to become a cost-effective and accessible strategy to enhance
fracture healing and overall bone health. Despite challenges such as individual variability and potential
confounding factors, vitamin D supplementation presents a promising, cost-effective approach to
improving fracture recovery.
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