
Introduction
Fracture healing is a coordinated biological process involving 
inflammation, repair, and remodeling phases, each of which 
depends on both local mechanical stability and optimal systemic 
conditions. By controlling osteoblastic activity and calcium-
phosphate metabolism, Vitamin D plays a critical role in 

maintaining skeletal homeostasis, which in turn affects callus 
development and mineralization [1, 2, 3].
Patients with orthopedic injuries frequently have Vitamin D 
deficiency, and those with lower limb fractures are especially 
likely to have it [4,5,6]. According to reports, 50–80% of 
individuals who have fractures of the foot, ankle, tibia, or femur 
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Aim and Background: Vitamin D plays a central role in calcium–phosphate metabolism and bone healing. Deficiency is common among 
fracture patients and may contribute to delayed union, particularly in weight-bearing lower-limb fractures. The purpose of this study was to 
assess the relationship between lower limb fracture healing time and baseline serum Vitamin D levels.
Materials and Methods: A prospective, observational, multi-center study was conducted from January 2022 to December 2024. Adult patients 
with acute lower-limb fractures were enrolled. Within a week following the injury, baseline serum 25-hydroxyvitamin D levels were assessed. The 
levels of Vitamin D were categorized as adequate (>30 ng/mL), inadequate (20–30 ng/mL), or deficient (<20 ng/mL). Healing time was 
recorded clinically (pain-free weight bearing) and radiologically (radiographic union scale for tibial fractures score ≥12). Statistical analysis 
included correlation and regression models.
Results: A total of 120 patients (mean age 44.8 ± 13.2 years, M:F = 1.6:1) were included. The mean Vitamin D level was 21.6 ± 8.4 ng/mL; 
deficiency was present in 45.0%, insufficiency in 31.7%, and sufficiency in 23.3%. The mean healing time was 16.4 ± 3.8 weeks, with faster 
healing in sufficient patients (14.8 ± 2.9 weeks) compared to insufficient (16.7 ± 3.2 weeks) and deficient (17.9 ± 3.9 weeks) groups (P < 0.001). 
Vitamin D levels continued to be an independent predictor on regression analysis (β = −0.41, P < 0.001) and had a negative correlation with 
healing time (r = −0.62, P < 0.001).
Conclusion: Higher incidences of delayed union and longer healing durations were linked to lower baseline Vitamin D levels. Patients with 
lower limb fractures may have better results with routine screening and deficit repair.
Keywords: Vitamin D, fracture healing, lower-limb fractures, tibia fracture, bone metabolism.

Abstract

Learning Point of the Article:
Vitamin D status is a significant and modifiable determinant of fracture healing time in lower-limb fractures. Early detection and correction 

of deficiency may enhance union rates and reduce recovery duration.

Correlation between Vitamin D Levels and Healing Time in Lower Limb 
Fractures
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exhibit inadequate or def icient levels of serum 25-
hydroxyvitamin D (25[OH]D) [4, 7, 8]. This deficiency has 
been associated with delayed callus maturation, impaired 
mineralization, and an increased risk of delayed union or non-
union [3, 6, 9].
Clinical studies have explored this relationship with varying 
results. Brinker et al. identified Vitamin D deficiency as the 
most common metabolic abnormality in patients with fracture 
non-union [6]. Warner et al. found that lower perioperative 
Vitamin D levels correlated with poorer functional recovery 
after ankle fracture fixation [1]. However, Ettehad et al. found 
that Vitamin D levels decreased as fractures healed, indicating 
higher metabolic needs [8]. Furthermore, Smith et al. 
documented a high prevalence of deficiency in patients with 
foot and ankle trauma, emphasizing the need for early detection 
[4].
Recent randomized controlled trials have examined whether 
supplementation accelerates fracture union. Slobogean et al. 
reported that although high-dose Vitamin D did not 
significantly hasten radiographic union in acute tibial and 
femoral fractures, patients with severe deficiency tended to heal 
more slowly [2]. Systematic reviews echo these mixed findings, 
highlighting heterogeneity in study designs, fracture sites, 
baseline Vitamin D status, and dosing regimens [3, 9].
Despite accumulating evidence, there remains limited data 
specifically correlating baseline Vitamin D levels with time to 
healing in lower-limb fractures. These fractures are subject to 

high mechanical loads during recovery, 
making timely union essential to restoring 
function and preventing complications, 
such as malunion, stiffness, and chronic 
pain. To provide information to support 
early screening and intervention efforts, 
this study was undertaken to assess the 
relationship between serum Vitamin D 
levels and fracture healing time in lower 
limb fractures.

Materials and Methods
This 2-year, multi-center, prospective, 
obser vational study was carried out 
between January 2022 and December 
2024.

Study population
Individuals who were 18 years of age or 
older who had acute lower limb fractures 
that needed either non-operative or 
surgical treatment were eligible to be 

included. Only closed fractures of the femur, tibia, fibula, and 
ankle were included. Patients with pathological fractures, 
People with chronic kidney illness, liver disease, metabolic 
bone problems (apart from Vitamin D deficiency), or those on 
long-term corticosteroid therapy were not included.

Data collection
Age, sex, body mass index, occupation, and comorbidities were 
among the baseline demographics that were documented. 
Details of the fracture, such as anatomical site, side, mechanism 
of injury, and classification according to the AO/OTA system, 
were documented.

Evaluation of Vitamin D
Using a chemiluminescent immunoassay, serum 25-
hydroxyvitamin D (25[OH]D) levels were assessed within a 
week of the injury. The state of Vitamin D was classified as:
• Deficient: <20 ng/mL
• Insufficient: 20–30 ng/mL
• Sufficient: >30 ng/mL.

Fracture healing assessment
Both clinical and radiographic methods were used to assess 
fracture healing. Clinical healing was characterized by the 
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Figure 1: Scatter plot showing the correlation between baseline serum Vitamin D levels (ng/mL) and 
fracture healing time (weeks). The red line represents the line of best fit, demonstrating a significant 
negative correlation (r = −0.62, P < 0.001)
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absence of discomfort at the fracture site and pain-free full 
weight bearing. The radiographic union scale for tibial fractures 
(RUST) score was used to assess radiological healing; a score of 
≥12 was regarded as unified. Assessments were performed at 6-
week intervals until union was confirmed. Weeks were used to 
measure the healing period between the date of the injury and 
the official union date.

Data analysis
Data were entered into a secure database and analyzed using 
statistical software. Depending on the data distribution, 
continuous variables were either expressed as a median with 
interquartile range or as mean ± standard deviation. 
Frequencies and percentages were used to represent categorical 
variables. Pearson’s or Spearman’s correlation coefficients were 
used to evaluate the relationship between Vitamin D levels and 
healing times. The Student’s t-test, analysis of variance, or their 
non-parametric counterparts were used for group comparisons. 
P < 0.05 was regarded as statistically significant.

Results
The investigation comprised 120 patients with acute fractures 
of the lower limbs. The study population had a male-to-female 
ratio of 1.6:1 and an average age of 44.8 ± 13.2 years. The most 
frequent fracture site was the tibial shaft (42.5%), which was 
followed by the distal tibia/fibula (10.9%), ankle (28.3%), and 

femoral shaft (18.3%). The leading 
causes of injuries were automobile 
accidents (63.3%), falls (31.7%), and 
other mechanisms (5.0%). Table 1 
prov ides  a  summar y of  basel ine 
characteristics.

Vitamin D status distribution
The mean serum 25(OH)D level at 
baseline was 21.6 ± 8.4 ng/mL. 54 
patients (45.0%) had Vitamin D 
deficiency (<20 ng/mL), 38 patients 
(31.7%) had insufficiency (20–30 
ng/mL), and 28 patients (23.3%) had 
sufficiency (>30 ng/mL).

Healing time by Vitamin D status
The overall mean fracture healing time 
was 16.4 ± 3.8 weeks. Patients with 
sufficient Vitamin D levels healed 
significantly faster (14.8 ± 2.9 weeks) 
compared to those with insufficient 

(16.7 ± 3.2 weeks) and deficient levels (17.9 ± 3.9 weeks) (P < 
0.001). These results are shown in Table 2.

Vitamin D levels and healing time correlation
Pearson’s correlation analysis revealed a significant negative 
correlation between serum Vitamin D levels and healing time (r 
= −0.62, 95% confidence interval [CI] −0.74–−0.48, P < 
0.001), indicating that higher Vitamin D levels were associated 
with shorter healing durations (Fig. 1).
Multivariate linear regression adjusting for age, sex, body mass 
index (BMI), fracture type, and comorbidities confirmed that 
baseline Vitamin D level was an independent predictor of 
fracture healing time (β = −0.41, 95% CI −0.56–−0.27, P < 
0.001), with a moderate effect size (Cohen’s f2 = 0.18).

Analysis of regression
Multivariate linear regression adjusting for age, sex, BMI, 
fracture type, and comorbidities confirmed that baseline 
Vitamin D level was an independent predictor of fracture 
healing time (β = −0.41, P < 0.001).

Union rates at follow-up
In 97.5% of patients, union was attained at 24 weeks. In 
comparison to the insufficient (2.6%) and sufficient (0%) 
groups, the deficient group had a substantially higher delayed 
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Figure 2: Bar chart comparing union rates and delayed union prevalence across Vitamin D status groups 
(deficient, insufficient, sufficient). Union rate is shown in green and delayed union prevalence in orange.
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union rate (7.4%) (P = 0.048) (Fig. 2).

Discussion
The relationship between baseline serum Vitamin D levels and 
fracture healing time in adult patients with lower limb fractures 
was assessed in this prospective multi-center investigation. The 
results demonstrated that patients with sufficient Vitamin D 
healed significantly faster than those with deficiency or 
insufficiency, and that serum Vitamin D level was an 
independent predictor of healing duration. These results are 
consistent with other studies that linked poor Vitamin D level to 
delayed fracture union and support the biological plausibility of 
Vitamin D as an associated but not definitively causal factor in 
fracture repair.
Our results imply that when evaluating patients who have had 
lower limb fractures, baseline Vitamin D levels should be taken 
into account. Identifying and correcting deficiency early could 
potentially shorten healing time, improve functional recovery, 
and reduce the incidence of delayed union. However, since this 
study did not directly evaluate supplementation, any 
recommendations for Vitamin D correction remain suggestive 
rather than evidence-based. Future research should focus on 

randomized controlled trials targeting deficient patients, with 
standardized dosing protocols and fracture-site-specific 
analyses. Serial measurements of Vitamin D during the healing 
process would also clarify whether declines occur consistently 
and whether ongoing supplementation is warranted. Larger 
studies with balanced subgroup sizes, especially patients with 
sufficient Vitamin D, are needed to strengthen statistical power. 
In addition, trials incorporating standardized supplementation 
protocols tailored to different fracture types will be essential to 
establish definitive causality and clinical guidelines.
Our cohort's significant prevalence of Vitamin D insufficiency 
(31.7%) and deficiency (45.0%) is in line with previous 
research in populations with orthopedic injuries. Smith et al. 
reported deficiency rates exceeding 50% in patients with foot 
and ankle fractures [4], while Ribbans et al. identified 
widespread insufficiency among lower-limb trauma patients, 
particularly in older adults [5]. Brinker et al. found that low 
Vitamin D was the most frequent metabolic abnormality in 
patients with established fracture non-union [6], suggesting 
that early identification could be critical in preventing adverse 
healing outcomes.
Warner et al.’s research, which found that lower perioperative 
Vitamin D connected with worse functional recovery after 
ankle fracture fixation, is consistent with our finding that higher 
Vitamin D levels were linked to quicker healing times [1]. 
Similarly, Ettehad et al. documented a progressive decline in 
serum Vitamin D during fracture healing, implying an increased 
metabolic demand during bone regeneration [8]. The present 
study extends these findings by providing quantitative evidence 
of a moderate-to-strong negative correlation (r = −–0.62) 
between baseline Vitamin D and healing time. It was true when 
age, fracture type, BMI, and comorbidities were taken into 
account.
Vitamin D plays a variety of roles in bone repair. At the cellular 
level, 1,25-dihydroxyvitamin D stimulates osteoblastic 
development and improves intestinal calcium absorption, and 
modulates osteoclastic resorption in a manner that supports 
coupled bone remodeling [10,11]. In fracture healing, in 
addition to stabilizing callus structure and promoting the 
mineral ization of  woven bone,  Vitamin D also has 
immunomodulatory properties that may maximize the 
inflammatory phase [12]. Experimental studies have shown 
that deficiency can impair chondrocyte maturation and reduce 
the biomechanical strength of the healing callus [13]. These 
biological pathways provide a plausible explanation for the 
delayed healing observed in deficient patients in our study.
R andomized control led tr ials evaluating Vitamin D 
supplementation in fracture healing have produced mixed 
results. Slobogean et al., in a phase II trial involving tibial and 
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Table 1: Baseline demographic and injury characteristics of 
the study population. Values are expressed as mean±SD for 

continuous variables and as frequency (percentage) for 
categorical variables (n=120)

Parameter Value/distribution
Years of age, mean±SD 44.8±13.2

Sex, n (%) Female: 46 (38.3)
Male: 74 (61.7)

BMI, mean±SD (kg/m2) 24.6±3.4

Mechanism of injury, n (%) Road traffic accident: 76 (63.3)

Fall from standing height: 38 
(31.7)

Other: 6 (5.0)
Fracture site, n (%) Tibial shaft: 51 (42.5)

Ankle: 34 (28.3)
Femoral shaft: 22 (18.3)

Distal tibia/fibula: 13 (10.9)

AO/OTA classification (%) 42-A/B/C: 51 (42.5)
44-A/B/C: 34 (28.3)
32-A/B/C: 22 (18.3)
43-A/B/C: 13 (10.9)

Comorbidities, n (%) Diabetes mellitus: 14 (11.7)

Hypertension: 18 (15.0)
Smoking: 22 (18.3)

None: 66 (55.0)
SD: Standard deviation, BMI: Body mass index
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femoral fractures, found no statistically significant reduction in 
time to union with high-dose Vitamin D3 supplementation; 
however, subgroup analysis suggested slower healing in severely 
deficient patients [2]. Gatt et al., in a recent systematic review, 
concluded that while supplementation may benefit patients 
with deficiency, the evidence remains heterogeneous due to 
variability in dosing regimens, fracture sites, and outcome 
measures [3]. Our study did not include supplementation as an 
intervention, but the observed correlation supports the 
rationale for targeted correction of deficiency in fracture 
patients.
The variability in trial outcomes may partly stem from 
differences in baseline Vitamin D status. Studies enrolling 
predominantly sufficient patients may fail to detect a benefit 
from supplementation, whereas those with high proportions of 
deficiency may observe a more pronounced effect [17]. This 
underscores the importance of screening fracture patients at 
presentation and considering early correction, particularly in 
high-risk groups, such as the elderly, those with limited sun 
exposure, or individuals with comorbidities affecting Vitamin 
D metabolism [18].

Risk of non-union and delayed union
According to our results, the Vitamin D-deficient group had a 
noticeably greater delayed union rate than the adequate group. 
This result is in line with Jensen et al.'s systematic study, which 
found Vitamin D insufficiency to be one of the possible risk 
factors for tibial shaft non-union [9]. Christianson et al. also 
reported that nutritional indicators, including low 25(OH)D, 
were frequently observed in non-union cases across multiple 
fracture sites [7].
Metabolic screening in non-union cases often reveals multiple 
abnormalities. However, Vitamin D insufficiency is still one of 
the most frequently found [6, 14]. The relationship is likely 
multifactorial, with deficiency contributing to suboptimal 

callus mineralization and 
possibly influencing muscle 
strength and gait, thereby 
altering mechanical loading 
on the healing fracture [19].

P u b l i c  h e a l t h  a n d 
epidemiological context
The high prevalence of 
d e f i c i e n c y  i n  f r a c t u r e 
patients mirrors broader 
epidemiological data. Bergin 
et al. and Sleiman et al. have 
highlighted the frequent 
occurrence of low Vitamin D 

in orthopedic cohorts, often exceeding rates seen in the general 
population [14, 15]. This may be due to reduced outdoor 
activity, seasonal variation, and pre-existing comorbidities. 
Addressing this modifiable factor could have implications 
beyond fracture healing, potentially reducing fall risk and 
subsequent fractures through improved muscle function [16, 
20].
According to population-based research, older persons with 
greater serum 25(OH)D concentrations have improved lower-
extremity function (Bischoff-Ferrari et al., for example) [16]. In 
addition, observational research by Maier et al. emphasized the 
importance of maintaining sufficient Vitamin D to support not 
only bone integrity but also muscular coordination, which is 
vital during post-fracture rehabilitation [21].
This study’s prospective design, multi-center recruitment, and 
standardized testing of Vitamin D within a week of injury are 
among its strong points. We reduced confounding and 
identified the association between Vitamin D status and healing 
time by eliminating patients with diseases known to impact 
bone metabolism. The use of both clinical and radiological 
criteria (RUST score) provided a robust assessment of fracture 
union.
Several limitations should be acknowledged. Although the total 
sample size was reasonable (n = 120), subgroup distribution 
was uneven, particularly the sufficient Vitamin D group (n = 
28), which may have reduced statistical power for subgroup 
comparisons. First, although multi-center, the sample size may 
limit subgroup analyses, particularly for individual fracture 
types. Second, inter-observer variability in radiological scoring 
(RUST) was not assessed, which may have introduced bias into 
fracture healing evaluation. Third, serum Vitamin D levels were 
only measured at baseline and not serially during follow-up. 
Some patients may have corrected deficiency through diet, 
sunlight exposure, or supplementation during the healing 

Table 2: Fracture healing time according to Vitamin D status. Healing 
time is expressed as mean±SD in weeks

Vitamin D status n Mean healing 
time 

(weeks)±SD

Median (IQR) P-value*

Deficient (<20 
ng/mL)

54 17.9±3.9 18 (15–21)

Insufficient (20–30 
ng/mL)

38 16.7±3.2 16 (14–19) <0.001

Sufficient (>30 
ng/mL)

28 14.8±2.9 15 (13–17)

*One-way analysis of variance comparing all three groups. SD: 
Standard deviation, IQR: Interquartile range
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period, which could have acted as a confounding factor. Fourth, 
although pathological fractures and metabolic bone diseases 
were excluded, comorbidities, such as diabetes mellitus and 
smoking, were not excluded. These factors may independently 
influence bone healing and complicate the interpretation of 
results. Sixth, the study did not include a supplementation 
intervention arm, which limits the ability to establish causality 
and to directly evaluate whether correction of deficiency 
accelerates fracture healing. Seventh, blinding of assessors 
during RUST scoring was not performed, which could have 
introduced observer bias. Eighth, other biochemical markers, 
such as calcium, parathyroid hormone, and nutritional indices, 
were not measured, which limits the ability to fully account for 
confounding metabolic influences. Ninth, the study did not 
include a supplementation intervention arm, which limits the 
ability to establish causality and to directly evaluate whether 
correction of deficiency accelerates fracture healing. Finally, as 
an observational study, causation cannot be established, and 
residual confounding cannot be fully excluded.

Implications for practice and future research
Our results imply that when evaluating patients who have had 
lower limb fractures, baseline Vitamin D levels should be taken 
into account. Identifying and correcting deficiency early could 
potentially shorten healing time, improve functional recovery, 
and reduce the incidence of delayed union. However, since this 
study did not directly evaluate supplementation, any 
recommendations for Vitamin D correction remain suggestive 
rather than evidence-based. Future research should focus on 
randomized controlled trials targeting deficient patients, with 

standardized dosing protocols and fracture-site-specific 
analyses.

Conclusion
A substantial inverse relationship between baseline serum 
Vitamin D levels and fracture healing time in lower limb 
fractures was found in this prospective multi-center 
investigation. Vitamin D insufficiency was linked to a higher risk 
of delayed union, while adequate Vitamin D levels were 
associated with quicker union. These results demonstrate the 
possible benefits of early Vitamin D screening for fracture 
patients and imply that prompt insufficiency therapy may 
potentially improve recovery, although the direct clinical 
benefit of supplementation remains uncertain without 
randomized controlled trial evidence. Routine incorporation of 
Vitamin D assessment into fracture management protocols 
could represent a simple, cost-effective strategy to optimize 
healing in this high-risk population.

Clinical Message

Baseline Vitamin D assessment in patients with lower-limb fractures 
can help identify those at risk for delayed healing. Early correction of 
deficiency is a simple, low-cost intervention that may shorten 
recovery time and improve overall fracture outcomes.
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