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ABSTRACT: 3 

Background: Vitamin D plays a crucial role in bone health by aiding calcium absorption. While 4 

prior studies have explored the relationship between vitamin D and fracture prevention in adults, 5 

its impact on pediatric fracture healing remains underexplored. This study investigates whether 6 

low vitamin D levels correlate with longer healing time in pediatric fractures.  7 

 8 

Methods: A retrospective review of patients (ages 0-17) with extremity fractures and vitamin D 9 

levels within a year of injury was conducted at a single institution in the southeastern United 10 

States from January 2015 to May 2022. Data was collected on demographics, medical history, 11 

injury specifics, treatment, outcomes and vitamin D levels and supplementation. Serum vitamin 12 

D levels greater than 30.0 ng/ml were defined as “normal” and levels at or below 29.9 ng/ml 13 

were defined as “low”.  14 

 15 

Results: Among 166 patients with 186 fractures, normal vitamin D levels were observed in 16 

38.6% of patients and low vitamin D in 61.4%. Patients with low vitamin D levels had longer 17 

clinical (p=0.019) and radiographic (p=0.001) healing times than those with normal levels. 18 

Patients with lower extremity fractures and low vitamin D had longer clinical (p=0.025) and 19 

radiographic healing times (p=0.006). Similarly, within those who required operative 20 

management, low vitamin D patients had significantly longer clinical (p=0.031) and radiographic 21 

(p=0.043) healing times.  22 

 23 

Conclusions: Our study demonstrates that low vitamin D levels are associated with prolonged 24 

clinical and radiographic healing in pediatric patients with fractures, particularly in those with 25 
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 2 

lower extremity fractures and those requiring surgery. Pediatric orthopedic surgeons should 26 

consider evaluation of vitamin D levels in these patients, as healing may be inadvertently 27 

prolonged in patients with low vitamin D levels.  28 

 29 

Key Concepts: 30 

1. Pediatric patients with low vitamin D levels had longer time to clinical return to activity. 31 

2. Pediatric patients with low vitamin D levels had longer time to radiographic healing.  32 

3. Clinicians should be suspicious of low vitamin D in a pediatric fracture patient with 33 

prolonged healing 34 

 35 

Key Words: fracture, healing, vitamin D, pediatric 36 

 37 

Level of Evidence: Level III – Cohot study 38 

 39 

INTRODUCTION: 40 

With a third of children fracturing at least one bone before the age of seventeen,1 optimal 41 

fracture prevention and healing are topics that merit investigation. The role of vitamin D in 42 

serum calcium regulation is well established.2 The global incidence rate of vitamin D deficiency 43 

in children aged 0-17 increased 15-fold from 2008 to 2014,3 highlighting the need to analyze 44 

outcomes of vitamin D deficiency in pediatric patients. Recent literature has investigated vitamin 45 

D’s role in fracture prevention; some studies found positive correlations between vitamin D and 46 

fracture prevention2,4–14 while others found no correlation.15–18 A recent prospective study found 47 

that low vitamin D is common in children with fractures but found no difference in vitamin D 48 

Jo
ur

na
l P

re
-p

ro
of



 3 

levels between fracture and nonfracture cohorts.18 Consequently, most orthopedic physicians 49 

check vitamin D levels only after a pattern of repeated fractures or if there is concern for an 50 

underlying bone condition.19 As fracture occurrence and vitamin D deficiency are common in the 51 

pediatric population, an understanding of the relationship between vitamin D and fracture 52 

healing is imperative for treatment optimization.  53 

The relationship between vitamin D and bone healing in children is poorly understood.15,20,21 54 

Vitamin D and calcium are known to be important physiologic regulators of inorganic bone 55 

building but vitamin C and K are also important for the organic collagenous component of bone 56 

and bone remodeling respectively.22,23 Tauber et al. reported decreased serum levels of active 57 

vitamin D metabolites during the fracture healing process, postulating that there is a consumption 58 

of these metabolites during this time.24 Gorter et al. reported that within a group of adults who 59 

remained vitamin D deficient, there was a 9.7% delayed union rate compared to a delayed union 60 

rate of 0.3% in those who were not initially deficient and a 1.7% rate in those who received 61 

supplementation after being deficient.25 These studies suggest an association between vitamin D 62 

levels and fracture healing in adults. However, the effect of vitamin D on fracture healing 63 

duration in the pediatric population is unknown. One recent study demonstrated that only 21.5% 64 

of children with femur and forearm fractures had normal vitamin D levels at the time of injury.26 65 

Thus, this study’s primary aim was to analyze the relationship between vitamin D level and time 66 

to clinical and radiographic fracture healing within the pediatric population at a level 1 trauma 67 

center. As calcium is the main component of bone and bone callus, and vitamin D increases 68 

intestinal absorption of calcium,27 we hypothesized that low levels of vitamin D would prolong 69 

clinical and radiographic fracture healing times. The secondary aim was to determine the effect 70 

of fracture location (i.e., upper vs. lower extremity) and management (i.e., non-operative vs. 71 
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 4 

operative) on the time to clinical and radiographic healing, as these variables were expected to 72 

affect healing times.  73 

 74 

MATERIALS AND METHODS: 75 

This project was approved by the Institutional Review Board (IRB202400408). We 76 

retrospectively reviewed 166 patients and 186 fractures that presented to our institution in the 77 

southeastern United States between January 2015 and May 2022. Inclusion criteria were all 78 

pediatric patients (ages 0-17) with extremity fractures who also had laboratory results for vitamin 79 

D within a year of injury. Exclusion criteria included osteogenesis imperfecta and non-extremity 80 

fractures.  81 

 82 

Data retrieval included demographics, comorbidities, injury specifics, treatment, outcomes, and 83 

vitamin D levels and supplementation. The date of radiographic union was determined based on: 84 

(1) the official radiology report; (2) the pediatric orthopedic specialist’s note; and (3) the date of 85 

the final x-ray. The date of clinical union was defined as the date when the patient was allowed 86 

to return to all activities without restrictions. Providers used their clinical judgement and 87 

radiographic images to determine when a patient was able to return to activities without 88 

restriction. Additionally, the decision to check vitamin D levels was not standardized in this 89 

cohort, meaning vitamin D levels reported in this population may have been collected due to the 90 

presence of vitamin D deficiency risk factors, abnormal fracture pattern or mechanism, multiple 91 

previous fractures, physician or parental concern for abnormal bone quality, or for an unrelated 92 

reason within a year of the fracture. Serum vitamin D levels 30.0 ng/ml or greater were defined 93 

as “normal” and as “low” when 29.9 ng/ml or below.  94 
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 95 

Statistical Analysis 96 

Statistical analysis was performed using the statistical software IBM SPSS Version 29. 97 

Categorical measures were summarized with counts and percentages, and continuous measures 98 

were summarized with means and standard deviations. Categorical variables were analyzed for 99 

between-group comparisons using Chi-Square and Fisher’s Exact tests. Continuous variables 100 

were analyzed using multivariate regression. Notably, further subgroup breakdown of the “low” 101 

vitamin D category into “insufficient” and “deficient” vitamin D levels was unsuccessful due to a 102 

lack of patients in the “insufficient” category to allow for appropriate statistical analysis. As 103 

such, these categories were merged into a single “low” vitamin D group. Healing time 104 

comparisons were performed via Kaplan-Meier survival analysis and Log-Rank Tests for 105 

between-group comparisons. The survival analyses and comparison methods were also stratified 106 

by prespecified potential confounders of fracture healing time (i.e., fracture location, vitamin D 107 

supplementation, and operative vs. non-operative management). Statistical significance was set 108 

at p<0.05. 109 

 110 

RESULTS: 111 

Demographics 112 

We included 186 fractures in 166 patients. Of these, 64 patients (38.6%) had normal vitamin D 113 

levels and 102 (61.4%) had low (i.e., insufficient and deficient) vitamin D levels (Table 1). A 114 

total of 66 subjects (38.0%) were female, and 103 (62.0%) were male. The mean age was 7.9 115 

(±5.0) years, and the mean BMI percentile was 64.5 (±36.8). There were no significant 116 

differences between groups in sex (p = 0.468), age (p = 0.532), or BMI percentile (p = 0.310). 117 
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 6 

However, groups were dissimilar in the rate of comorbidities (p = 0.045), where low vitamin D 118 

patients had higher rates of all comorbidities (Table 1). The mean vitamin D levels for the entire 119 

cohort were 28.6ng/ml ±12.7 (range 4.4 – 101.4). Vitamin D levels for cohort subgroups are 120 

presented in Table 2.  The mean time between fracture and serum vitamin D levels was 121 

49.7 ±70.1 (range 0 - 361) days. 122 

 Total 
(n = 166) 

Normal Vitamin 

D 
(n = 64) 

Low Vitamin 

D 
(n = 102) 

P 
 

Age (Mean [SD]) 7.9 (5.0) 8.2 (4.9) 7.7 (5.1) 0.526 
Sex, (n [%]) 

Male 
Female 

 
103 (62.0) 
63 (38.0) 

 
37 (57.8) 
27 (42.2) 

 
66 (64.7) 
36 (35.3) 

0.468 

BMI Percentile (Mean [SD]) 64.5 (36.8) 58.3 (35.1) 68.5 (37.6) 0.137 
Comorbidities, (n [%]) 

Congenital/Syndromic 
Endocrine 
Gastrointestinal 
Neuromuscular 
Other Vitamin Deficiencies 
Other 
None                                     

 
9 (5.4) 
4 (2.4) 
3 (1.8) 
11 (6.6) 
6 (3.6) 

18 (10.8) 
115 (69.3) 

 
5 (7.8) 

0  
0 

8 (12.5) 
1 (1.6) 
6 (9.4) 

44 (68.8) 

 
4 (3.9) 
4 (3.9) 
3 (2.9) 
3 (2.9) 
5 (4.9) 

12 (11.8) 
71 (69.6) 

0.045 

Table 1. Demographic data. Significance P  0.05 marked in bold. Abbreviations: standard 123 

deviation (SD), body mass index (BMI). 124 

 125 

 Vitamin D level (ng/ml) P 
 

Entire Cohort (n = 166) 28.6 ±12.7 (4.4 – 101.4)  
Vitamin D Categories 

Low Vitamin D (n = 102) 
Normal Vitamin D (n = 64) 

 
21.6 ±5.6 (4.4 – 30.0) 

40.9 ±12.4 (30.2 – 101.4) 

<0.001 

Treatment Group 
Non-Operative 
Operative 

 
30.1 ±13.5 (4.371 – 101.4) 

25.3 ±10.2 (range 8.4 – 63.6) 

0.748 

Fracture Location 
Upper Extremity 
Lower Extremity 

 
29.1 ±12.0 (range 4.371 – 85.0) 
28.1 ±12.7 (range 8.4 – 101.4) 

0.518 
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Table 2. Vitamin D levels in each patient group. Significance P  0.05 marked in bold. 126 

Clinical Healing Time 127 

This cohort's median time to clinical healing was 40.0 days (95% CI 34.3 - 45.7). There was a 128 

significant difference in median clinical healing times between low and normal vitamin D levels 129 

(p = 0.019, Table 3). Patients with low vitamin D levels had significantly longer median healing 130 

times (44.0 days, 95% CI 35.0 - 53.0) than those with normal levels (37.0 days, 95% CI 30.9 - 131 

43.1, p = 0.019, Figure 1).  132 

 133 

 134 

 135 

 136 

 137 

Jo
ur

na
l P

re
-p

ro
of



 8 

 138 

Figure 1. Kaplan-Meier curve for time to clinical (A) and radiographic (B) healing for entire 139 

cohort. 140 
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 9 

Subgroup analysis for differences in clinical healing time across vitamin D levels by fracture site 141 

(i.e., upper or lower extremity) found patients with lower extremity fractures and low vitamin D 142 

had significantly longer clinical healing times (53.0 days, 95% CI 37.1 - 68.9) than their normal 143 

vitamin D counterparts (33.0 days, 95% CI 25.0 - 41.0, p = 0.025, Figure 2). Patients with upper 144 

extremity fractures and low vitamin D levels had median clinical healing times of 43.0 days 145 

(95% CI 31.0 - 55.0) versus 39.0 days (95% CI 30.8 - 47.2) for normal vitamin D patients (p = 146 

0.276, Table 3).     147 

Similar subgroup analysis by management type (i.e., operative vs. non-operative management) 148 

found operative patients with low vitamin D had significantly longer clinical healing times 149 

(median 83.0 days, 95% CI 57.7 - 108.3) than their normal vitamin D counterparts (median 50.0 150 

days, 95% CI 44.9 - 55.1, p = 0.031, Figure 3). Patients who underwent non-operative 151 

management with low vitamin D had median healing times of 39.0 days (95% CI 31.0 - 45.0) 152 

versus 34.0 days (95% CI 28.8 - 39.2) for normal vitamin D patients (p = 0.290, Table 3).     153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 
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 161 

Figure 2. Kaplan-Meier curves for time to clinical (A) and radiographic (B) healing for lower 162 

extremity fractures. 163 

Jo
ur

na
l P

re
-p

ro
of



 11 

   
Normal Vitamin D 

(n = 53) 
Low Vitamin D 

(n = 84) 
P 

Overall (Median 95% CI]) 37.0 (30.9 – 43.1) 44.0 (35.0 – 53.0) 0.019 

Fracture Site 

Upper Extremity, n = 82 

Lower Extremity, n = 55 

 

39.0 (30.8 – 47.2) 

33.0 (25.0 – 41.0) 

 

43.0 (31.0 – 55.0)  

53.0 (37.1 – 69.0) 

 

0.276 

0.025 

Treatment 

Operative, n = 25 

Non-Operative, n = 112  

 

50.0 (44.9 – 55.1) 

34.0 (28.8 – 39.2) 

 

83.0 (57.7 – 108.3)  

39.0 (31.1 – 47.0) 

 

0.031 

0.290 

 

Table 3. Clinical Healing Times in days across Vitamin D levels for cohort and subgroup 

analyses. P-values correspond to outcomes of the log-rank test for pairwise comparisons across 

normal and low Vitamin D level Kaplan-Meier curves for each subgroup. Significance P  0.05 

marked in bold. Abbreviations: Confidence Interval (CI), 

 164 
 165 

 166 

 167 

 168 

 169 

 170 

 171 
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 172 

Figure 3. Kaplan-Meier curves for time to clinical (A) and radiographic (B) healing for fractures 173 

that required operative management.  174 
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Radiographic Healing Time 175 

This cohort’s median time to radiographic healing was 65.0 days (95% CI 52.0 - 78.0, p < 0.001, 176 

Figure 1). Low vitamin D patients had longer median radiographic healing times of 74.0 days 177 

(95% CI 58.3 - 89.7) compared to 39.0 days (95% CI 34.2 - 43.8) for normal vitamin D patients 178 

(p <0.001, Table 4).   179 

Subgroup analysis for radiographic healing time across fracture site (i.e., upper or lower extremity) 180 

found patients with lower extremity fractures and low vitamin D had significantly longer healing 181 

times (95.0 days, 95% CI 66.7 - 123.3) than their normal vitamin D counterparts (39.0 days, 95% 182 

CI 15.5 - 62.5, p = 0.006, Figure 2). Patients with upper extremity fractures and low vitamin D had 183 

median healing times of 52.0 days (95% CI 37.7 - 66.6) versus 39.0 days (95% CI 33.4 - 42.6) for 184 

normal vitamin D patients (p = 0.189, Table 4).     185 

Similarly, subgroup analysis for radiographic healing time across fracture management (i.e., 186 

operative vs. non-operative) found patients treated operatively and who had low vitamin D had 187 

significantly longer healing times (203.0 days, 95% CI 84.8 - 321.2) than their normal vitamin D 188 

counterparts (88.0 days, 95% CI 62.3 - 113.7, p = 0.043, Figure 3). Patients who underwent non-189 

operative treatment with low vitamin D levels had median healing times of 46.0 days (95% CI 190 

37.8 - 54.2) versus 38.0 days (95% CI 32.6 - 43.4) for normal vitamin D patients (p =0.371, Table 191 

4).     192 

 193 

 194 

 195 
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Normal Vitamin D 

(n = 38) 
Low Vitamin D 

(n = 85) 
P 

Overall (Median 95% CI]) 39.0 (34.2 –  43.8) 74.0 (58.3 – 89.7) 0.001 

Fracture Site 

Upper Extremity, n = 59 

Lower Extremity, n = 64 

 

38.0 (33.4 – 42.6) 

39.0 (15.5 – 62.5) 

 

52.0 (37.7 – 66.3) 

95.0 (66.7 – 123.3) 

 

0.189 

0.006 

Treatment 

Operative, n = 43 

Non-Operative, n = 80 

 

88.0 (62.3 – 113.7) 

38.0 (32.6 – 43.4) 

 

203.0 (84.8 – 321.2 

46.0 (37.8 – 54.2) 

 

0.043 

0.371 

Table 4. Radiographic Healing Times in days across vitamin D levels for cohort and 

subgroup analyses. P-values correspond to outcomes of the log-rank test for pairwise 

comparisons across normal and low vitamin D level Kaplan-Meier curves for each 

subgroup (i.e., fracture site, treatment, and vitamin D supplementation). Significance P  

0.05 marked in bold. Abbreviations: Confidence Interval (CI), 

 196 

 197 
 198 

DISCUSSION: 199 

 Vitamin D deficiency is more common than previously thought and there is a lack of clarity 200 

regarding its effect on fracture healing in pediatric patients. Our aim was to investigate the 201 

relationship between vitamin D levels and the duration of clinical and radiographic pediatric 202 

fracture healing. Our hypothesis was supported by demonstrating that pediatric fracture patients 203 

with low levels of vitamin D had significantly longer clinical and radiographic healing times 204 

compared to their peers with normal levels of vitamin D. This aligns with research by Gorter et 205 

al., which found that adult patients with decreased levels of vitamin D had slower rates of bone 206 

union.25 207 
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 208 

The secondary aim of this study was to further scrutinize these healing times, as certain factors 209 

(i.e., fracture location and management) were expected to prolong healing in this population 210 

regardless of vitamin D levels. Fracture location has been known to affect healing, with upper 211 

extremity fractures having an increased remodeling capacity and generally achieving union 212 

within four to eight weeks (28 – 56 days) from injury, and lower extremity fractures needing 213 

approximately six to twelve weeks (42 – 84 days) to do the same.28 Patients with lower extremity 214 

fractures and a low vitamin D level took 20 days longer for clinical union and 56 days longer to 215 

achieve radiographic union than their counterparts with normal vitamin D levels. Prior literature 216 

in the adult population has shown that patients with lower extremity fractures are more likely to 217 

be vitamin D deficient and heal slower than those with upper extremity fractures.29,30 Suboptimal 218 

vitamin D levels may be a contributing factor to delayed fracture healing in adults and children.  219 

 220 

 The management of extremity fractures is dependent on multiple factors, such as fracture 221 

complexity and presentation. Generally, fractures that require operative management are more 222 

traumatic or complex injuries with associated prolonged healing times.31,32 It has also been 223 

shown that patients with lower levels of vitamin D are at higher risk of more severe fractures.33 224 

Subgroup analysis found that, in patients who were treated with surgery, those with low levels of 225 

vitamin D tended to need an additional 33 days to reach clinical healing and an additional 115 226 

days to reach radiographic healing than those with normal vitamin D levels.  227 

 228 

Prolonged fracture healing is disruptive to children’s lives and may lead to decreased 229 

participation in recreational sports, school physical education, and social interactions dependent 230 
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on physical mobility. Extended periods of immobilization or activity restrictions could also 231 

negatively affect children's physical conditioning, muscular strength, coordination, and overall 232 

fitness, potentially increasing their risk for future injuries. 34 Additionally, delayed return to 233 

sports and normal activities may have psychological effects, such as reduced confidence, 234 

increased anxiety, or diminished interest in athletic pursuits.35,36 Thus, clinicians should be 235 

attentive to vitamin D status in pediatric fracture patients to minimize healing delays and 236 

associated limitations, optimizing recovery both physically and emotionally. 237 

 238 

This study is not without limitations. An important one being that patients with low vitamin D 239 

levels in this sample had a significantly higher number of comorbidities, which may be a source 240 

of confounding.  At our institution, it is not standard practice to routinely check vitamin D levels 241 

at the time of fracture, and there is no standardized protocol for determining which patients 242 

require vitamin D level checks. Common reasons for vitamin D levels to be ordered are recurrent 243 

fractures, specific fracture patterns such as Slipped Capital Femoral Epiphysis, or delayed 244 

fracture healing. This is a source of selection bias in our study. As such, an existing vitamin D 245 

level in the patient’s record within a year of fracture was used as an inclusion criterion for this 246 

project to capture fracture patients with a concomitant Vitamin D level. Similarly, the specific 247 

indication for drawing vitamin D levels was not analyzed in this study, limiting our ability to 248 

gauge this bias. Additionally, there was no standardized protocol in place to determine when a 249 

patient could return to activities. Instead, providers used their clinical judgement in conjunction 250 

with radiographic findings to determine when patients were safe to return to activities without 251 

restriction. This introduces additional bias as certain providers may be more cautious with 252 

returning patients to clinical activity compared to others. Another limitation of this retroactive 253 
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study is supplementation was not standardized nor consistently recorded and thus we cannot 254 

draw any conclusions on the effects of supplementation in this cohort. 255 

 256 

This study provides evidence that low vitamin D levels are significantly associated with 257 

increased clinical and radiographic healing times in pediatric patients, particularly in those with 258 

lower extremity fractures and those requiring operative management. Given the prevalence of 259 

vitamin D insufficiency among pediatric fracture patients and its correlation with delayed 260 

healing, clinicians should consider routine evaluation of vitamin D. Prior research has 261 

demonstrated the ability of vitamin D supplementation to normalize lab levels in pediatric 262 

fracture patients with low vitamin D within a month of initiation of supplementation.24 Given its 263 

low risk profile and potential for positive impact, pediatric orthopedists could consider routine 264 

vitamin D and calcium supplementation in fracture patients. Further research is needed to 265 

determine if normalization of vitamin D levels with vitamin D supplementation alters pediatric 266 

fracture healing and clinical outcomes.   267 

 268 
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involved patient(s); and, they have given approval for this information to be published in this 
case report, case series, or article. 
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Please note this form must be filled out for every submission regardless of whether patient 
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but please retain them for your own records. 
 
Select an option below: 
 

☐ Complete written informed consent was obtained from the patient, their guardian or legal 
representative for the publication of this study and accompanying images. 
 

☒ The author(s) declare that no patient consent was necessary as no images or identifying 
information are included in the article. 
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Key Concepts: 

1. Pediatric patients with low vitamin D levels had longer time to clinical return to activity. 

2. Pediatric patients with low vitamin D levels had longer time to radiographic healing.  

3. Clinicians should be suspicious of low vitamin D in a pediatric fracture patient with 

prolonged healing 
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